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Abstract 

Poor oral health has a substantial impact at both an individual and societal level and 

develops across the life course.  This research explored the life course determinants of oral 

health in the UK, addressing an existing lack of research in this field. 

This mixed-methods research utilised an existing longitudinal prospective birth cohort study 

– the Newcastle Thousand Families Study – which recruited 1,142 babies born in Newcastle 

upon Tyne in 1947.  Twenty in-depth interviews were conducted with participants at age 67, 

to explore what influenced how they looked after their oral health across the life course.  

The broader life course determinants of age 63 tooth retention in this cohort were 

subsequently modelled using path analysis techniques. 

The interviews revealed that a range of factors influenced oral health behaviours, centring 

around four sources: the dental profession, wider society (e.g. schools, peers, the media), 

family members and the individuals themselves.  Determinants varied to some extent 

between different behaviours and also across the life course.  Parents were reportedly the 

predominant influencers in childhood, whilst individual-level and peer influences played a 

major role during the transition to independent adulthood.  Throughout independent 

adulthood, influences were diverse, although, notably, family influences transferred from 

parents to spouses and children, especially the former. 

The path analysis demonstrated that multiple factors across the life course influenced age 63 

tooth retention, including smoking and dental attendance, socio-economic determinants, 

dental anxiety, sex and parental encouragement.  However, the potential influence of 

unmeasured factors (specifically sugar consumption) could not be established due to data 

limitations.   

Subject to potential differences between this 1947 cohort and contemporary generations, 

this research suggests that oral health interventions should target an array of behavioural, 

social and psychological factors at the level of individuals, families, society and the dental 

profession, prioritising the most appropriate determinants at each life course stage.   
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Chapter 1: Introduction 

1.1: The problem 

Oral health has been defined as “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).  Such 

diseases and disorders of the craniofacial complex affecting oral health can be wide-ranging, 

including, but not limited to, caries, periodontal disease, tooth loss, head and neck cancer, 

temporomandibular disorders and other soft tissue and bony diseases and disorders (WHO 

2020a).  

Oral health is important on an individual level, due to the significant impact it can have on 

quality of life (Sischo and Broder 2011) and also the impact it can have on general health 

(Dorfer et al. 2017).  In addition, it also has a huge economic impact at a societal level, due 

to the extensive costs of treating dental disease but also due to economic productivity losses 

mainly incurred by absenteeism from work (Listl et al. 2015).   

Unfortunately, poor oral health is epidemic worldwide.  According to the 2015 Global 

Burden of Disease Study, untreated dental caries in permanent teeth was estimated to be 

the most prevalent disease globally, whilst oral diseases were estimated to affect almost half 

of the world’s population (Kassebaum et al. 2017).  The prevalence of oral disease is equally 

a public health problem in the UK.  The 2009 UK Adult Dental Health Survey (ADHS) 

estimated that 6% of the adult population were edentulous (Fuller et al. 2011), 31% had 

obvious tooth decay (White et al. 2011) and 9% reported current pain related to their teeth 

(Steele et al. 2011).  

If the burden of poor oral health is to be successfully addressed, researchers must 

thoroughly understand the origins and determinants of oral health, so that actions and 

interventions can be targeted towards these factors.  Unfortunately, the determinants of 

oral health are far from straightforward, involving a complex interplay between biological, 

behavioural, environmental, psychological and social mechanisms (Watt et al. 2015).  

Moreover, a review of existing knowledge and literature conducted as part of this research 

highlighted significant gaps in two key research areas relating to the determinants of oral 

health in the UK: 1) qualitative investigations exploring in depth the psychological and social 

processes across the life course which influence oral health, and 2) quantitative research 
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comprehensively investigating the contributions of determinant factors across the whole life 

course to oral health.   

1.2: Research aims and overview 

This research aimed to further understand the life course determinants of oral health in the 

UK. This was achieved via two specific objectives: 1) to explore the factors across the life 

course which influence how and why people look after their oral health, and 2) to 

quantitatively model the contributions of determinant factors across the life course on 

individuals’ oral health. 

The above objectives were achieved via two methods, both utilising data from a North-East 

England 1947 birth cohort, the Newcastle Thousand Families Study (NTFS) cohort (Pearce et 

al. 2009b).  The first utilised qualitative interviews with twenty participants to explore the 

factors influencing how and why they looked after their oral health across their life course.  

The second utilised quantitative path analysis techniques to model pathways between 

predictor variables across the whole life course and tooth retention at age 63 in this cohort.  

To the author’s knowledge, this research was the first to qualitatively explore the factors 

influencing people’s oral health behaviours (OHBs) from a life course perspective in the UK, 

and the first worldwide to quantitatively model the life course determinants of oral health 

past early adulthood, using prospective birth cohort data and appropriate causal modelling 

techniques.  Such novel evidence is critical for the design of appropriate and effective oral 

health interventions. 

1.3: Thesis organisation 

This thesis is split into seven chapters.  Following this first introductory chapter, Chapter 2 

reviews the existing knowledge and literature relating to the determinants of oral health.  

Chapter 3 documents the overall methodology and methods pertaining to this research.  

Chapters 4 and 5, respectively, document the results of the qualitative and quantitative 

analyses conducted in this research.  Chapter 6 subsequently discusses the findings of this 

research in the context of its strengths and limitations, and within the context of existing 

knowledge and the current policy and practice environment.  Finally, Chapter 7 provides a 

succinct summary of final conclusions and recommendations. 
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Chapter 2: Literature Review 

This chapter firstly outlines why poor oral health is a major concern affecting society and 

why it is important for researchers and decision makers to have a clear understanding of the 

determinants of oral health.  The majority of this chapter is then dedicated to reviewing the 

current evidence base regarding the determinants of oral health, with a particular focus on 

oral health in the UK.  At the end of this chapter, a summary of current knowledge and 

evidence gaps is provided and the aims and objectives of this research outlined. 

2.1: Search Strategy 

This literature review is not a systematic review.  In Sections 2.2 to 2.9, the intention is to 

provide an overview of a large body of evidence relating to the extent and impact of poor 

oral health, the importance of understanding the determinants of oral health and, 

subsequently, the biological, behavioural, environmental, psychological and social 

determinants of oral health.  However, a comprehensive review of all of these topics would 

be beyond the scope of a PhD.  In Sections 2.10 to 2.14, although still not a systematic 

review, the intent is to provide a more comprehensive review of the literature exploring the 

determinants of oral health using particular approaches, specifically quantitative life course 

approaches (particularly those using causal pathways modelling techniques) and qualitative 

approaches, especially in relation to the UK.  These topics are of particular relevance to the 

focused objectives of this research and, therefore, it is important that all relevant previous 

research on these topics is identified.  

The strategy that was used to identify the relevant literature for this review involved 

primarily using MEDLINE® and PubMed® to identify peer-reviewed literature.  Secondarily, 

additional peer-reviewed literature, books and other grey literature were identified using 

the author’s existing knowledge, reference lists in identified literature, the supervisory 

team’s knowledge and internet searches.  Table 1 provides an overview of the search terms 

used, which were utilised in various combinations.  Column 1 lists the main terms used to 

explore key topics of relevance, whilst Column 2 provides examples of subsequent search 

terms used to explore more focused topics.   

Literature from any time frame was potentially relevant to this review and, hence, no time 

limitations were set for the searches.  Nevertheless, this review does intend to be a 

contemporary review of the literature and, hence, the most up-to-date evidence was 



4 
 

included where possible.  The literature was continuously reviewed throughout the PhD 

study period up until the end of November 2020 (shortly before re-submission).  Any 

relevant new evidence published prior to this date is, therefore, included in this thesis. 

Main search terms Subsequent search terms 

Oral health* 
Life course 
Determinants 
Aetiology 
United Kingdom* 
Qualitative research* 
Structural equation modelling 
Path analysis 
Causal pathways 
Birth cohort 
Cohort studies* 
Longitudinal studies* 
Prospective studies* 
Tooth loss* 
Dental caries* 
Periodontal diseases* 
 

Genetics* 
Dental plaque* 
Systemic diseases 
Obesity* 
Oral hygiene* 
Tooth brushing* 
Smoking* 
Diet* 
Sugars* 
Dental anxiety* 
Dental attendance 
Fluoridation* 
Knowledge* 
Culture* 
Attitude* 
Stress 
Psychology* 
Social determinants of health* 
Socioeconomic factors* 
Social class* 
Education* 
Health care systems 
Public health* 
 

Table 1: Overview of search terms used to aid the literature review. 
*MeSH terms 
 

2.2: The extent and impact of poor oral health 

Poor oral health is a major public health concern both globally and in the UK.  According to 

the 2015 Global Burden of Disease Study, 48% of people were affected by oral conditions 

(Kassebaum et al. 2017), with dental caries, periodontal disease and tooth loss being the 

most common conditions (Dye 2017).  Specifically, untreated dental caries in permanent 

teeth was estimated to affect 34.1% of the world’s population (Kassebaum et al. 2017), with 

figures for severe periodontitis and severe tooth loss being 7.8% and 4.1% respectively 

(Kassebaum et al. 2017).  Studies also show that non-carious tooth surface loss is highly 

prevalent in many countries, with the global prevalence of severe tooth surface loss 

estimated to increase from around 3% in early adulthood to around 20% in later adulthood 

(Van't Spijker et al. 2009).   
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In the UK, the prevalence of oral conditions is equally problematic.  The 2009 ADHS 

estimated that 6% of the population were edentulous (Fuller et al. 2011), 31% of dentate 

adults had obvious tooth decay (White et al. 2011), 45% had levels of periodontal pocketing 

associated with disease (White et al. 2011), and 17% exhibited moderate or severe tooth 

surface loss in their anterior teeth (White et al. 2011).  The 2013 UK Child Dental Health 

Survey additionally found that 46% of fifteen year-olds and 31% of five year-olds had 

obvious decay in their permanent teeth and primary teeth respectively (Health and Social 

Care Information Centre 2013).  

The prevalence of some oral conditions is reducing over time, whereas, for others, the 

prevalence is remaining stable or even increasing (Marcenes et al. 2013; Steele et al. 2012; 

White et al. 2012).  For example, the prevalence of edentulism in adults in England has 

reduced from 20% in 1988 (Todd and Lader 1991) to 14% in 1998 (Kelly et al. 2000) and, 

finally, to 6% in 2009 (Chenery 2011).  However, the overall prevalence of tooth surface loss 

in dentate adults in England has increased from 66% in 1998 to 76% in 2009 (White et al. 

2011).   

All sections of the population are also affected by oral diseases.  Although the prevalence of 

some diseases, such as total tooth loss, predominantly affects older adults (Fuller et al. 

2011), other diseases, such as untreated caries, are prevalent across all age groups (White et 

al. 2011).  Equally, all socio-economic groups are affected, even if the risk of some diseases 

increases in the lower socio-economic class groups (Fuller et al. 2011; White et al. 2011).    

The impact of oral conditions and diseases is significant.  On an individual basis, there is an 

extensive body of literature supporting the substantial impact oral conditions can have on 

quality of life and daily activities (O'Dowd et al. 2010; Rousseau et al. 2014; Sischo and 

Broder 2011).  According to the 2009 UK ADHS, 21% of adults reported having difficulty 

eating and 15% difficulty smiling due to oral impacts (Nuttall et al. 2011b).  There is also now 

a growing body of evidence regarding the systemic impact of oral health problems (Dorfer et 

al. 2017; Linden et al. 2013; Simpson et al. 2015).  For example, the presence of periodontitis 

has a very clinically relevant impact on diabetes control (Simpson et al. 2015), whilst strong 

evidence suggests that periodontitis increases future risk for cardiovascular disease (Tonetti 

and Van Dyke 2013). 
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At the societal level, oral conditions are costly and place a large demand on resources.  

Conservative estimates found the global economic impact of dental diseases in 2010 to be 

US $442 billion, comprising US $298 billion due to direct treatment costs (an average of 4.6% 

of global health expenditure) and US $144 billion due to economic productivity losses (Listl 

et al. 2015).  In the UK, the NHS in England alone spends around £3.4 billion on dental 

services per year (NHS England 2014), and this does not take into account additional costs 

resulting from productivity losses or the impact of oral conditions on systemic health. 

2.3: The importance of understanding the determinants of oral health 

Accepting that oral conditions present a significant problem to individuals and society, 

improving oral health has been identified as an urgent priority both globally and in the UK 

(DoH 2005; WHO 2003).  However, an essential prerequisite to the effective improvement of 

oral health is a thorough, in-depth understanding of its complex causes and determinants.  

Only by understanding the pathways to poor oral health can effective interventions be 

devised.  This concept that the determinants of poor oral health must be thoroughly 

understood provides the basis for this research project.   

2.4: Determinants of oral health - current evidence 

In recent years there has been a significant shift in beliefs about the determinants of oral 

health.  It has been increasingly recognised that determinants of oral health are not limited 

to conventional biological factors (such as genetics and microbiological factors) or 

behavioural factors (such as smoking and oral hygiene behaviours), but that determinants of 

oral health include a much wider array of social, political, economic and environmental 

factors, collectively known as the social determinants of health (DoH 2005; Marmot and Bell 

2011; Watt et al. 2015; Watt 2007).  This modern view is illustrated in Figure 1, whereby 

upstream social factors influence the more downstream, proximal determinants of health.  

This shift in perspective has accompanied similar increasing recognition of the wider, social 

determinants of general health over the past few decades (Commission on Social 

Determinants of Health 2008; Marmot 2010). 

Additionally, it is now recognised that life course models are applicable in the development 

of the majority of oral diseases (Crall and Forrest 2018; Heilmann et al. 2015; Nicolau et al. 

2007b; Watt et al. 2015), that oral diseases develop via complex pathways, which cannot be 

modelled by simple statistical methods but require more complex causal modelling 
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techniques (Crall and Forrest 2018; Newton and Bower 2005; Nicolau et al. 2007b), and that 

qualitative research methods are paramount if the underlying psycho-social processes 

influencing oral health and behaviours are to be understood (Bower and Scambler 2007; 

Newton 2001; Newton and Bower 2005).   

Therefore, this literature review will firstly detail the evidence regarding the determinants of 

oral health from biological, behavioural, environmental, psychological and social 

perspectives.  Secondly, it will review the evidence utilising a life course approach, the use of 

causal pathways modelling techniques and the use of qualitative evidence to explore the 

determinants of oral health.   

 

Figure 1: The underlying causes of oral health.  Reproduced from (DoH 2005). 
 

2.5: Biological determinants  

Biological determinants of oral diseases include microbiological and host factors (Bartold and 

Van Dyke 2013; Selwitz et al. 2007), the latter including factors such as genetics (Loos and 

Chin 2017; Opal et al. 2015), systemic diseases (Albandar et al. 2018; Nascimento et al. 

2018), anthropometrics (Keller et al. 2015) and age (Lopez et al. 2017).  Research into the 

biological determinants of oral diseases is extensive (Bartold and Van Dyke 2013; D'Aiuto et 

al. 2017; Loos and Chin 2017; Takahashi and Nyvad 2011).  In some areas, understanding is 

now quite comprehensive (Preshaw and Bissett 2019; Smith et al. 2017).  However, in other 

areas, significant uncertainties exist (Loos and Chin 2017; Opal et al. 2015).   

It has long been known that micro-organisms play a key role in many oral diseases (Gibbons 

and van Houte 1975).  Specifically, it is undisputed that plaque bacteria are essential in the 
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development of dental caries (Selwitz et al. 2007) and periodontal disease (Bartold and Van 

Dyke 2013), and that fungi (Farah et al. 2010) and viruses (Clarkson et al. 2017) are 

responsible for several oral infections.  With regards to plaque and the development of 

caries, the microbiological process is complex.  Numerous bacteria are known to be involved, 

but the exact mechanism and role of different bacteria is not exactly clear, most likely 

changing with the conditions of the surrounding biofilm and between individuals (Peterson 

et al. 2011; Takahashi and Nyvad 2011).  For periodontal disease, although it is accepted that 

bacteria are required to initiate and progress periodontitis, the key determinant of disease 

progression is the host response to the microbial challenge, not the type of bacteria (Bartold 

and Van Dyke 2013).  In the case of oral cancer, evidence supports a significant role of 

viruses, including the human papillomavirus (HPV) and Epstein-Barr virus (Hettmann et al. 

2016).  A recent global meta-analysis found that over 70% of oro-pharyngeal cancers 

contained HPV, although the prevalence was much lower in non oro-pharyngeal head and 

neck cancers (Mehanna et al. 2013).   

Although micro-organisms play a key role in many oral diseases, they are certainly not the 

sole biological determinants of disease development.  Host factors, including the host 

immune response (Cekici et al. 2014), salivary flow and composition (De Almeida Pdel et al. 

2008), and enamel formation and development (Costa et al. 2017) are also key determinants 

of oral disease.  Such factors are, in turn, influenced by aspects such as genetics (Laine et al. 

2012; Werneck et al. 2010), systemic diseases (Cartee et al. 2015), anthropometrics 

(Martinez-Herrera et al. 2017; Milner and Beck 2012) and age (Preshaw et al. 2017). 

Genetics plays a role in the development of many oral diseases, ranging from simple 

inherited disorders – such as amelogenesis imperfecta – to complex hereditary conditions, 

like periodontal disease and temporomandibular disorders (Melis and Di Giosia 2016; Wright 

and Hart 2002).  However, the extent of this genetic role varies, as does the extent of our 

understanding of this role, depending on the disease in question.  For simple inherited 

disorders, genetics can account completely for disease inheritance and understanding is 

fairly advanced (Smith et al. 2017).  However, for more complex inherited disorders, the 

extent and role of genetics is less clear.  Evidence has suggested that genetics may account 

for up to 50% of causal factors in severe types of periodontitis in young patients, but the 

evidence is uncertain and the contribution is likely to be lower for less severe forms and in 

older patients (Loos and Chin 2017; Meng et al. 2011; Torres de Heens et al. 2010).  Although 
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many specific genes have been identified, it is also suspected that many gene determinants 

for periodontitis remain unknown (Laine et al. 2012; Loos and Chin 2017).  Similarly, 

substantial evidence supports a genetic contribution to caries susceptibility, but estimates of 

the extent of this contribution vary significantly (Boraas et al. 1988; Bretz et al. 2005a; Bretz 

et al. 2005b; Liu et al. 1998; Opal et al. 2015). Studies have focused mainly on genes 

influencing saliva composition, enamel formation, the immune response to cariogenic 

bacteria and dietary preferences (Bretz et al. 2005b; Shuler 2001; Werneck et al. 2010), but a 

lack of studies, little reproducibility between study findings and the limited number of genes 

investigated to date means understanding is still limited (Opal et al. 2015; Werneck et al. 

2010).   

Relationships between systemic diseases and oral diseases have also been the focus of a 

substantial body of research in recent years (Albandar et al. 2018; D'Aiuto et al. 2017; 

Dietrich et al. 2013; Kocher et al. 2018; Monsarrat et al. 2016; Nascimento et al. 2018; Picos 

et al. 2018).  Although substantial uncertainties still remain, there is unequivocal evidence 

that systemic diseases can be substantial risk factors for oral diseases (Albandar et al. 2018; 

D'Aiuto et al. 2017; Picos et al. 2018).  In the case of periodontitis, there is strong evidence 

that rare conditions (such as Papillon Lefevre Syndrome, leucocyte adhesion deficiency and 

hypophosphatasia) and common conditions (such as diabetes) are significant risk factors 

(D'Aiuto et al. 2017; Jepsen et al. 2018).  For example, a recent meta-analysis suggested that 

diabetes increased the risk of periodontitis occurring or progressing by 86% (Nascimento et 

al. 2018), whilst severe periodontitis and early loss of both primary and permanent 

dentitions are universal in Papillon Lefevre Syndrome (Sreeramulu et al. 2015).  Similarly, 

multiple systemic conditions – such as cerebral palsy, nutritional deficiencies, immune 

disorders (e.g. Sjogren’s syndrome) and metabolic disorders (e.g. hypocalcemia) – are known 

risk factors for caries (Mathews et al. 2008; Salanitri and Seow 2013).  Systemic diseases are 

also implicated in the development of other oral diseases, for example, the established role 

of gastrointestinal disorders in tooth erosion (Pace et al. 2008; Picos et al. 2018).  

With regards to anthropometrics, substantial research has investigated the role of obesity in 

the development of various oral diseases (Keller et al. 2015; Shivakumar et al. 2018).  The 

best evidence relates to periodontal disease, whereby there is modest evidence that obesity 

acts as a risk factor (Keller et al. 2015).  The estimated extent of increased risk varies 

depending upon study methodologies, but longitudinal studies have suggested that obesity 
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could increase the risk of periodontitis development by up to threefold (Keller et al. 2015; 

Morita et al. 2011).  Research has also investigated low birth weight as a risk factor for 

caries, although findings have been contradictory (Nicolau et al. 2003a; Saraiva et al. 2007; 

Tanaka and Miyake 2014).   

Finally, age may act as a risk factor for certain oral diseases.  For example, there is evidence 

that biological changes in ageing increase susceptibility to caries and, potentially, to 

periodontal diseases (Lopez et al. 2017).   

To summarise, biological factors, including microbiological and host factors, play a significant 

role in the development of oral disease.  However, the extent and nature of this contribution 

remains uncertain for many diseases. 

2.6: Behavioural and environmental determinants  

Prior to the 1980s, a biomedical model of oral disease development dominated, focusing on 

biological determinants of disease (Watt 2012).  However, throughout the 1980s and 1990s, 

behavioural and environmental factors – such as oral hygiene, smoking, dietary practices, 

dental attendance, alcohol consumption, water fluoridation and consumption of medicines – 

gained increasing recognition as key determinants of oral health (Rugg-Gunn and Do 2012; 

Watt 2012).  The importance of such ‘lifestyle factors’ in the development of oral health is 

now well established (Ciancio 2004; Moynihan and Kelly 2014; Warnakulasuriya et al. 2010; 

Watt 2012).    

Regarding oral hygiene, it is accepted that dental plaque is an essential component for the 

development of caries and periodontal disease, as previously discussed (Bartold and Van 

Dyke 2013; Selwitz et al. 2007).  Furthermore, evidence confirms that the amount of dental 

plaque biofilm is often associated with disease progression (Broadbent et al. 2011; 

Crocombe et al. 2012).  In turn, studies have demonstrated that better oral hygiene 

behaviours are associated with improved oral health outcomes (Broadbent et al. 2016; 

Chankanka et al. 2011), although such findings are not unanimous (Peres et al. 2009).  

However, the latter disagreement is likely due to the inconsistent relationship between 

measures of oral hygiene and effectiveness of plaque control.     

Regarding smoking, it is well accepted as a significant risk factor for periodontal disease, oral 

cancer and tooth loss (Warnakulasuriya et al. 2010).  A review of the evidence suggests that 

smokers increase their risk of experiencing periodontal disease by between 1.4 and 5 fold 
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(Warnakulasuriya et al. 2010).  In addition, research from Australia, the US and New Zealand 

has estimated that around one to two thirds of periodontal disease in their populations may 

have been attributable to smoking (Do et al. 2008; Thomson et al. 2007; Tomar and Asma 

2000).  Studies have also found an increased risk of tooth loss in smokers (Pearce et al. 2004; 

Ylostalo et al. 2004).  For example, after accounting for confounders, a Finnish study found 

that those who smoked six to ten pack-years before the age of 26 were twice as likely to lose 

six or more teeth by the age of 31, compared to those who had never smoked (Ylostalo et al. 

2004). A meta-analysis of global case-control studies also estimated that the odds for 

smoking in relation to oral cancer was 4.65 (Sadri and Mahjub 2007). 

There is strong evidence that diet plays a key role in the development of oral diseases, 

particularly caries (Moynihan and Kelly 2014) and dental erosion (Salas et al. 2015) but also 

oral cancer (Lucenteforte et al. 2009), developmental defects (Salanitri and Seow 2013) and 

periodontal disease (Genco and Borgnakke 2013).  A recent systematic review calculated the 

risk ratio for caries prevalence between higher and lower sugar intake groups to be around 

7:1 (Moynihan and Kelly 2014).  Additionally, a contemporary meta-analysis concluded that 

the odds of children and adolescents exhibiting dental erosion in permanent teeth were 

significantly increased with higher consumption of carbonated drinks (OR = 1.61), acidic 

snacks or sweets (OR = 2.24), and acidic fruit juices (OR = 1.20) (Salas et al. 2015).   

Alcohol also has an effect upon oral health, the greatest oral health risk being its effect upon 

oral cancer (Grocock 2018).   In a recent meta-analysis, the risk of oral and pharyngeal 

cancer increased fivefold in those drinking at least four alcoholic drinks per day, compared to 

non or occasional drinkers (Tramacere et al. 2010).   

With regards to dental attendance, significant evidence supports the importance of regular 

attendance in maintaining oral health (Fuller et al. 2011; Lu et al. 2011; Thomson et al. 

2010).  Some of the best longitudinal evidence comes from the Dunedin birth cohort study in 

New Zealand, which has shown that age 32 DMFS (decayed, missing and filled surfaces), 

missing teeth due to caries, and Oral Health Impact Profile (OHIP) scores were on average 4, 

0.7 and 2 units greater for those who were ‘opportunist dental attenders’ between the ages 

of 15 and 32, compared to regular dental attenders (Crocombe et al. 2012).  Data from the 

Dunedin study has also demonstrated that improved oral health outcomes are often 

associated with the length of periods of regular dental attendance and the recentness of 

these periods (Thomson et al. 2010). 
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Regarding fluoride, a wealth of evidence supports its beneficial effects on oral health, 

specifically caries development (Iheozor-Ejiofor et al. 2015; Marinho et al. 2003a; Marinho et 

al. 2013; Marinho et al. 2003b; Rugg-Gunn and Do 2012; Rugg-Gunn et al. 2016).  For 

example, a Cochrane review and meta-analysis of 70 randomised controlled trials concluded 

that the use of fluoridated toothpaste in children resulted, on average, in a 24% reduction in 

caries experience (Marinho et al. 2003a).  A Cochrane review of 22 trials also concluded that 

fluoride varnish applied two to four times yearly reduced caries experience in children by 

43% in permanent teeth and 37% in primary teeth (Marinho et al. 2013).  Furthermore, a 

global review of studies conducted between 1990 and 2000 concluded that average caries 

reductions associated with artificial water fluoridation were between 30% and 59% in 

primary teeth and 40% and 49% in permanent teeth (Rugg-Gunn and Do 2012).   

Finally, medications can also affect oral disease susceptibility via multiple pathways (Ciancio 

2004).  Sugar-containing medicines or medications predisposing to dry mouth contribute to 

caries experience (Shaw and Glenwright 1989), whilst specific medications associated with 

drug-induced gingival overgrowth (namely cyclosporin, anticonvulsant medications and 

calcium-channel blockers) act as risk factors for periodontitis (Ciancio 2004).  Certain 

medications, particularly bisphosphonates, can also increase the risk of jaw osteonecrosis 

(Kuroshima et al. 2019).  Additionally, problems such as ulceration, taste disturbance and 

fungal infections are other common side effects of various medications (Ciancio 2004). 

2.7: Psychological determinants 

In recent years there has been a much greater appreciation of the role of psychological 

factors in oral disease causation (Gomaa et al. 2016; Sheiham and Nicolau 2005).  Research 

has shown that such factors can influence oral health outcomes via their influence on OHBs 

or via biological mechanisms (Gomaa et al. 2016). 

One area of particular relevance is dental anxiety.  A recent systematic review demonstrated 

that dental anxiety or dental phobia are usually associated with poorer oral health outcomes 

(Kisely et al. 2016).  For example, in a national survey of over 5,000 Australian adults, those 

who were extremely afraid of going to the dentist had 186.3% more decayed teeth and 

39.6% more missing teeth than those with no fear of going to the dentist (Armfield et al. 

2009).  Many relevant studies have been cross-sectional and, therefore, prevent inference of 

causal relationships (Armfield et al. 2009; Nuttall et al. 2011a).  However, a few longitudinal 
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studies have investigated the causal nature of this relationship and have shown that higher 

dental anxiety acts as a predictor for poorer oral health outcomes (Jamieson et al. 2010b; 

Kruger et al. 1998).  This is likely explained by the association between higher dental anxiety 

and engagement with dental services (Crocombe et al. 2011).  The role of dental fear as a 

barrier to dental attendance is also supported by qualitative studies (Gregory et al. 2012; Hill 

et al. 2003).    

Knowledge, beliefs and attitudes are also recognised as key determinants of OHBs and oral 

health outcomes (Asimakopoulou and Newton 2015; Hollister and Anema 2004).  Such 

aspects were the focus of traditional health behaviour theories, which dominated over the 

latter half of the twentieth century, such as the Health Belief Model and the Theory of 

Planned Behaviour (Ajzen 1991; Rosenstock 1974).  However, these factors are also 

recognised in contemporary psychological approaches to the understanding of health 

behaviours, such as the related Theoretical Domains Framework and COM-B (capability, 

opportunity, motivation, behaviour) model (Cane et al. 2012; Michie et al. 2011).  The 

difference in these dominant contemporary models is that, as well as recognising that a 

person must possess the psychological ability and motivation to change behaviour, they also 

advocate that a person must possess the physical capability and be provided with the 

appropriate physical and social environment to change behaviour (Asimakopoulou and 

Newton 2015; Cane et al. 2012; Michie et al. 2011).  In line with the above theories, 

empirical evidence does suggest that knowledge, beliefs and attitudes play a role in 

determining oral health behaviours and oral health outcomes (Broadbent et al. 2006; 

Broadbent et al. 2016; Gao et al. 2010).  For example, the longitudinal Dunedin Study found 

that beliefs about the importance of OHBs in adolescence and early adulthood were 

associated with oral health outcomes up to the age of 38 (Broadbent et al. 2006; Broadbent 

et al. 2016).   However, the literature does recognise the limits of knowledge and beliefs on 

influencing OHBs, in the context of competing physical, social, political and environmental 

factors (Stokes et al. 2006; Watt 2002).   

Furthermore, stress is an emerging risk factor for oral disease (Akcali et al. 2013; Xie et al. 

2015).  It is known that stress can alter immune responses, which can increase the risk of 

oral disease, such as periodontal disease (Akcali et al. 2013).  For example, stress has been 

demonstrated to affect the balance of the immune response, resulting in increased levels of 

inflammatory markers in gingival crevicular fluid, increased loads of pathogenic bacteria and 



14 
 

poorer clinical periodontal outcomes (Giannopoulou et al. 2003; Johannsen et al. 2007).  

Studies have also demonstrated that stress is linked to periodontal outcomes via behaviours, 

as stress increases the risk of negative OHBs, such as smoking and oral hygiene behaviours 

(Aleksejuniene et al. 2002a).  Beyond periodontal diseases, evidence also suggests that 

stress may act as a risk factor for other oral diseases, such as oral cancer (Xie et al. 2015) and 

temporomandibular disorders (Berger et al. 2015). 

Many longitudinal and cross-sectional studies have also implicated other psychological 

conditions and traits, such as depression, negative emotionality, sense of coherence and 

self-esteem, in subjective and objective oral health outcomes (Baker et al. 2010; Nascimento 

et al. 2019; Okoro et al. 2012; Thomson et al. 2011). A recent systematic review confirmed 

that poorer oral health outcomes are consistently found in people with anxiety and 

depression (Kisely et al. 2016).   It is proposed that the relationship between personality and 

oral health may be mediated via three factors: parafunctional habits, OHBs and perceptions 

of clinical oral health (Thomson et al. 2011).  

2.8: Social determinants 

As discussed, it is now accepted that the determinants of health extend far beyond 

traditional biological and behavioural factors and include broader social, political, cultural 

and economic determinants, known as the ‘social determinants of health’ (Marmot and Bell 

2011; Watt et al. 2015).  Emerging in the 1970s and 1980s (Black 1980; WHO 1978), 

momentum for the social determinants of health has increased globally over the last few 

decades (Acheson 1998; Commission on Social Determinants of Health 2008; Marmot 2010).  

In terms of oral health, social determinants have become the focus of a substantial body of 

research and discussion (Marmot and Bell 2011; Watt 2007; 2012) and the social 

determinants of oral health are high on international oral health agendas (Sgan-Cohen et al. 

2013; Watt et al. 2015).   

Regarding measures of socio-economic position, such as social class, income, education, 

employment and deprivation, there is extensive evidence on a global scale that substantial 

oral health inequalities are related to these factors (Dye and Thornton-Evans 2010; Peres et 

al. 2018a; Steele et al. 2014; Thomson 2012).  National data from the UK show that, in 2009, 

rates of edentulism were five times greater in adults from routine and manual occupation 

households, compared to managerial and professional occupation households (Fuller et al. 
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2011).  In addition, the prevalence of caries was 37% versus 26% in these groups, 

respectively, and the prevalence of deep periodontal pocketing (6mm+) was 11% versus 7% 

(White et al. 2011).  A smaller social gradient was noted for tooth surface loss, with the 

prevalence of moderate or severe tooth surface loss being 18% versus 16% in these groups, 

respectively (White et al. 2011).  Recent evidence also shows substantial inequalities by 

deprivation for oral cancer rates in the UK (Oral Health Foundation 2020b).  There is 

accumulating evidence that such socio-economic inequalities are mediated by both OHBs 

and biological factors (Gomaa et al. 2016).  For example, studies have demonstrated that 

socio-economic position influences OHBs, including dental attendance, tooth brushing and 

dietary behaviours (Broadbent et al. 2016; Castaneda et al. 2010; Hamasha et al. 2006; 

Torriani et al. 2014), but also influences biological factors, such as cortisol levels, salivary 

immunoglobulins and the immune response (Buchwald et al. 2013; Gomaa et al. 2016).  In 

turn, these biological factors can affect enamel development, bacterial loads and 

susceptibility to inflammation (Buchwald et al. 2013; Gomaa et al. 2016).   

Social networks and relationships have also been shown to play a role in oral health (Kettle 

et al. 2019; Rouxel et al. 2015b).  Substantial evidence supports the role of parents in 

determining children’s OHBs and oral health outcomes (Castilho et al. 2013; Hall-Scullin et al. 

2015; Stokes et al. 2006), whilst a role for other family members has also been identified 

(Duijster et al. 2015; Gill et al. 2011).  Evidence also suggests that wider social networks may 

influence oral health outcomes, including tooth loss, caries, periodontal disease and oral 

health-related quality of life (OHRQoL) (Rouxel et al. 2015b).  For example, studies have 

found that participation in social activities is associated with improved tooth retention 

(Takeuchi et al. 2013).  Furthermore, qualitative research studies have highlighted the 

perceived importance of friends and peers in influencing individuals’ oral health beliefs, 

expectations and behaviours (Brondani et al. 2007; Duijster et al. 2015; Jensen et al. 2011; 

Ostberg et al. 2002).   

Multiple elements of culture, which refers to the social norms, behaviours, beliefs, values 

and customs of a human society, also influence oral health (Butani et al. 2008; Smith et al. 

2013).  A classic example of a culturally-related behaviour relevant to oral health is tobacco 

usage (Anwar and Williams 2008) which, as discussed, is a well-accepted risk factor for 

periodontal disease, oral cancer and tooth loss (Warnakulasuriya et al. 2010).  World Health 

Organisation estimates of current tobacco smoking prevalence range from 8.9% in Ethiopia 
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to 76.2% in Indonesia (WHO 2020b).  For smokeless tobacco, over two-thirds of its global 

consumption occurs in South and South East Asia (Sinha et al. 2015).  Research has also 

explored and demonstrated cultural variation in behaviours such as dental care-seeking 

behaviours (Hilton et al. 2007), oral hygiene practices (Zhu et al. 2005) and food 

consumption (Mullan et al. 2006).  Cultural factors which often influence such behaviours 

include cultural beliefs about the value of oral health (Hilton et al. 2007; Smith et al. 2013), 

the causes of oral disease (Butani et al. 2008; Smith et al. 2013), the effectiveness of modern 

medicine (Butani et al. 2008; Smith et al. 2013), the motivations and trustworthiness of 

dentists (Hilton et al. 2007; Newton et al. 2001), religion (Smith et al. 2013) and language 

barriers (Newton et al. 2001).  For example, a qualitative study exploring cultural barriers to 

accessing oral health care in children from four minority ethnic groups in the USA identified 

cultural differences in dental anxiety (often stemming from experiences of older generations 

in their home country), beliefs about the trustworthiness of the dental profession and views 

on the need for preventive dental care (Hilton et al. 2007).  Research has also highlighted the 

strong influence of traditional health beliefs and traditional medicine on oral health 

outcomes in some cultures, such as inaccurate beliefs about ‘tooth worms’ as a cause of 

caries and a reliance on herbal remedies for the management of dental problems in Chinese 

cultures (Smith et al. 2013).   

Further upstream, factors such as healthcare systems (Garbin Neumann and Quinonez 2014; 

Hosseinpoor et al. 2012), public health systems (Rugg-Gunn and Do 2012), education 

systems (FDI 2019; Steele et al. 2014), food availability (Sreebny 1982), transport (McKernan 

et al. 2017), employment opportunities (Al-Sudani et al. 2017), welfare arrangements and 

taxation (Guarnizo-Herreno et al. 2014), amongst other things, all have the potential to 

influence the oral health of individuals and populations. In turn, these factors themselves are 

governed by broader factors, including politics, economics and the environment.  A recent 

cross-national review of the effect of four key structural determinants (governance, 

macroeconomic policy, public policy, and social policy) on children’s oral health concluded 

that the type of political regime, gross domestic product (GDP) per capita, employment 

ratio, income inequality, type of welfare regime and government expenditure on health, 

amongst other factors, were all associated with children’s clinical and subjective oral health 

and accounted for between 5% and 21% of the variance in children’s OHRQoL scores (Baker 

et al. 2018). For example, children in countries with high GDP per capita (e.g. Germany) had 
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significantly lower decayed, missing and filled teeth (DMFT) scores and better self-rated 

OHRQoL than in low GDP countries (e.g. Cambodia, Thailand) (Baker et al. 2018).   

Regarding oral healthcare systems, these vary considerably around the world.  For example, 

there is great variation in the ratio of dental professionals to population size (Gallagher and 

Hutchinson 2018; Petersen 2014; Sinclair et al. 2019), the nature and type of treatments 

available (Adeniyi et al. 2012; Kandelman et al. 2012) and the extent to which services are 

publically or privately funded (ADA 2017b; Biggs 2012; Kandelman et al. 2012; NHS.UK 2017; 

Sinclair et al. 2019).  Specifically, population coverage for oral health care ranges from an 

average of 35% in low-income countries to 82% in high-income countries (Hosseinpoor et al. 

2012).  Furthermore, in many low-income countries, services often provide only basic or 

emergency dental treatment (Adeniyi et al. 2012; Kandelman et al. 2012).  Regarding public 

funding for oral health, the United Kingdom funds most treatment for children, pregnant or 

new mothers and low-income groups (as well as subsidises treatment costs for the general 

population) (NHS.UK 2017).  However, levels of public funding vary considerably across other 

countries (Biggs 2012; Kandelman et al. 2012; Sinclair et al. 2019).   

Evidence shows that such variation in healthcare systems can impact upon dental 

attendance and population oral health outcomes (ADA 2017a; BDA 2019a; Devaux and 

Looper 2012; Garbin Neumann and Quinonez 2014).  For example, comparisons between the 

UK, USA, Brazil, Canada and France demonstrated that dental visiting behaviours, twelve 

year-old DMFT rates and unmet oral health care needs were worse in countries with lower 

public funding for oral health care (Garbin Neumann and Quinonez 2014).  Furthermore, 

there is evidence that the insufficient availability of NHS dental services in some areas of the 

UK currently is impacting upon access for patients; recent figures from England showed that 

around a quarter of new patients were unable to secure NHS dental appointments (BDA 

2019a; Owen et al. 2019). 

Finally, public health measures can have a significant impact upon population oral health 

(Colchero et al. 2017; PHE 2015a; Rugg-Gunn and Do 2012).  As previously discussed, 

substantial caries reductions can be achieved by artificial water fluoridation (Rugg-Gunn and 

Do 2012), although only around 5% of the world’s population and 10% of the UK population 

receives artificially fluoridated water (BFS 2013).  The effectiveness of national tobacco 

control policies on smoking prevalence and cessation rates is also well established (Joossens 

2004), and 136 countries now implement at least one key tobacco control policy 
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intervention (WHO 2019).  Public health sugar reduction measures, with the potential to 

reduce caries prevalence, can also include a range of strategies, such as taxation policies, 

reformulation strategies, labelling standards, marketing and promotion regulations and 

education campaigns (PHE 2015a).  For example, taxes on sugar-sweetened beverages have 

now been implemented in around 60 countries (World Cancer Research Fund International 

2018) and evidence supports their effectiveness in reducing sugar consumption (Colchero et 

al. 2017; PHE 2015b).  Following their introduction in the UK in 2018, the average sugar 

content of affected drinks decreased by almost a third due to reformulation efforts (PHE 

2019b).  Furthermore, a small number of countries also operate minimum pricing 

regulations for alcohol, with Scotland being the first country to implement a national 

minimum unit price in 2018 (Katikireddi et al. 2019).  The immediate effect of this legislation 

in Scotland was a 7.6% reduction in purchases of alcohol (O'Donnell et al. 2019).  Modelling 

studies predict that minimum unit pricing will significantly reduce chronic conditions related 

to alcohol, which includes many oral cancers (Holmes et al. 2014). 

2.9: Variation in determinants between oral health outcomes 

Sections 2.4 to 2.8 detail the evidence regarding the determinants of oral health from 

biological, behavioural, environmental, psychological and social perspectives, highlighting 

throughout where different determinants may relate to specific oral health outcomes.  As 

there can be substantial variation between the determinants of different oral health 

outcomes (Genco and Borgnakke 2013; Selwitz et al. 2007), this section will now provide a 

brief summary of this variation from the perspectives of the most common oral diseases 

globally and in the UK, for clarity.  These diseases include caries, periodontal diseases, tooth 

loss and non-carious tooth surface loss (Dye 2017; Fuller et al. 2011; Van't Spijker et al. 2009; 

White et al. 2011).   

In the case of caries, it is well accepted that a combination of plaque bacteria, sugar, tooth 

substrate and time are the essential requirements for caries development (Selwitz et al. 

2007).  As discussed, research has shown that caries prevalence is around seven times 

greater in higher than lower sugar intake groups (Moynihan and Kelly 2014), and that 

following a high rather than low plaque trajectory from early childhood to age 32 increases 

caries risk by 40% (Broadbent et al. 2011).  However, the contributions of biological, 

environmental, psychological and social factors have also been recognised (Selwitz et al. 

2007).  Genetic contributions to caries are thought to be significant, although the precise 
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extent is currently uncertain (Bretz et al. 2005b; Opal et al. 2015).  Furthermore, fluoride 

exposure has been shown to decrease caries experience by around a third or more (Marinho 

et al. 2003a; Marinho et al. 2013; Rugg-Gunn and Do 2012).  Psychological and social factors 

have also been strongly related to caries experience (Kisely et al. 2016; Thomson et al. 2011; 

White et al. 2011), affecting OHBs (Hamasha et al. 2006; Hilton et al. 2007; Hosseinpoor et 

al. 2012) and caries-related physiology, such as enamel development, saliva flow and saliva 

composition (Gomaa et al. 2016).   

In the case of periodontal disease, it is well accepted that disease develops if there is a 

disruption in host-microbial homeostasis (Bartold and Van Dyke 2013), and evidence 

suggests that the most relevant risk factors are genetics, smoking, systemic diseases and 

plaque control behaviours (Genco and Borgnakke 2013).  As discussed, research has shown 

that genetics may account for up to 50% of causal factors in periodontitis (Loos and Chin 

2017; Meng et al. 2011; Torres de Heens et al. 2010), smoking increases periodontitis risk by 

one- to five-fold (Warnakulasuriya et al. 2010) and poorer plaque control has been 

consistently associated with poorer periodontal outcomes (Broadbent et al. 2011).  In 

addition, systemic diseases, particularly diabetes and various rare disorders, are accepted as 

major risk factors (Albandar et al. 2018; Genco and Borgnakke 2013), with a recent meta-

analysis finding that diabetes increased the risk of periodontitis occurring or progressing by 

86% (Nascimento et al. 2018).  Furthermore, as with caries, psychological and social factors 

have also been related to periodontitis (Nascimento et al. 2019; White et al. 2011), affecting 

OHBs (Gao et al. 2010; Gomaa et al. 2016; Hamasha et al. 2006) and periodontitis-related 

physiology, such as the immune response (Giannopoulou et al. 2003; Gomaa et al. 2016; 

Johannsen et al. 2007).   

Regarding tooth loss, research across several countries over the last few decades (Anand et 

al. 2010; Jafarian and Etebarian 2013; Murray et al. 1997), including within the UK (Hull et al. 

1997; McCaul et al. 2001; Richards et al. 2005), has evidenced that the main reasons for 

dental extractions are caries and periodontal disease.  Other reasons for extractions less 

commonly include orthodontic treatment, trauma and impaction.  For example, a study of 

General Dental Practices in Greater Manchester in 1991 showed 37%, 29% and 12% of teeth 

were extracted due to caries, periodontal disease and trauma, respectively (Hull et al. 1997), 

whilst a study in General Dental Practices in South Wales in 2002 found that 58%, 29% and 

6% of teeth, respectively, were extracted due to caries, periodontal disease and 
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orthodontics (Richards et al. 2005).  It therefore follows that the determinants of tooth loss 

should particularly reflect the determinants of caries and periodontal disease.  Certainly, 

evidence supports an association between tooth loss and the following behavioural and 

environmental determinants of caries and periodontal disease: sugar consumption (Kim et 

al. 2017), plaque control (Broadbent et al. 2011), smoking (Arora et al. 2010; Simila and 

Virtanen 2015) and fluoride exposure (Neidell et al. 2010).  Furthermore, evidence also 

supports a role of the psychological and social determinants of caries and periodontal 

disease in tooth loss, for example: dental anxiety (Thomson et al. 2000), psychological 

disorders (Kisely et al. 2016; Okoro et al. 2012) and socio-economic factors (Pearce et al. 

2009a; Ramsay et al. 2018; Steele et al. 2014). 

Finally, in relation to non-carious tooth surface loss, the key determinants depend upon the 

type of surface loss.  Erosion is the loss of tooth surface due to acid attack and is caused by 

either the consumption of acidic foods or stomach acids entering the mouth as a result of 

various systemic conditions, such as gastric reflux or bulimia (Yule and Barclay 2015).  A 

recent meta-analysis found that the odds of exhibiting dental erosion in permanent teeth 

were increased by up to twofold in individuals consuming high rather than low rates of acidic 

food and drink (Salas et al. 2015).  In contrast, abrasion is the physical removal of tooth 

substrate by an external agent, and is usually caused by inappropriate brushing techniques 

(Yule and Barclay 2015).  Lastly, attrition is the loss of tooth substrate as a result of tooth to 

tooth contacts and is exacerbated by bruxism (Yule and Barclay 2015).  In addition to the 

direct causative agents above, there is evidence that biological factors, such as genetics, 

enamel composition, saliva flow and saliva composition, influence the development of tooth 

surface loss, by changing the susceptibility of tooth structure and the favourability of the 

local environment (Hara and Zero 2014; Yule and Barclay 2015).  Furthermore, psychological 

and social factors can exacerbate key causative behaviours, such as the consumption of 

acidic foods and drinks, gastric conditions, tooth brushing habits and bruxism (Ahmed 2013; 

Jansson et al. 2007).   

2.10: A life course approach to chronic disease causation  

Sections 2.4 to 2.9 provide an overview of the body of evidence to date regarding the 

determinants of oral health from biological, behavioural, environmental, psychological and 

social perspectives.  Advancing this knowledge regarding the determinants of oral health, it 

has also been accepted in recent years that oral health develops across the whole life 
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course, with oral diseases frequently being chronic and cumulative in nature (Crall and 

Forrest 2018; Heilmann et al. 2015; Nicolau et al. 2007b; Watt et al. 2015).  Sections 2.10 to 

2.13 now provide an overview of current knowledge regarding the life course determinants 

of oral health.  Section 2.10 first provides a general introduction to the life course approach 

to chronic disease causation, discussing the evolution of this approach, conceptual models of 

life course disease causation, study design in life course epidemiology and applications of a 

life course approach to general health topics.  Section 2.11 subsequently discusses the 

applicability of a life course approach to the determinants of oral health and provides an 

overview of longitudinal studies with oral health data in existence, which facilitate the 

application of this approach.  The findings of these longitudinal studies are subsequently 

discussed in Section 2.13, following a discussion of the statistical analysis methods applicable 

to longitudinal data (Section 2.12).    

2.10.1: Evolution and definition of a life course approach to chronic disease causation 

Theories to explain the aetiology of chronic diseases have evolved over time (Kuh and Ben-

Shlomo 2004; Susser and Susser 1996), from the ‘germ theory’ (which dominated in the first 

half of the twentieth century (Susser and Susser 1996)), to the adult lifestyle theory (which 

focused on the role of adult lifestyle risk factors in the post-war period (Dawber et al. 1959; 

Doll and Hill 1964)), to the early origins of adult disease theory (in which there was particular 

interest in the late twentieth century (Barker 1995; 2001; Barker et al. 1993; Eriksson et al. 

1999; Osmond et al. 1993)).  Elements of these theories are still supported today, but, in 

recent years, increasing evidence has begun to support a life course approach to adult 

disease causation (Halfon et al. 2018; Kuh and Ben-Shlomo 2004).  Such an approach has 

been defined as ‘the study of long-term effects on chronic disease risk of physical and social 

exposures during gestation, childhood, adolescence, young adulthood and later adult life’ 

(Kuh and Ben-Shlomo 2004).  It includes studies of the biological, behavioural and psycho-

social pathways that operate across an individual’s life course, as well as across generations, 

to influence the development of chronic diseases (Kuh and Ben-Shlomo 2004). 

2.10.2: Conceptual models in life course epidemiology 

There are a myriad of pathways by which factors across the life course could contribute to 

chronic disease.  The most commonly used theoretical models were proposed by Ben-

Shlomo and Kuh (2002) and, in their simplest form, are outlined in Table 2.  The ‘critical 
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period model’ refers to an exposure having a permanent effect on the structure or function 

of the body during a specific period, which is not modified in a significant way in later life 

(Ben-Shlomo and Kuh 2002).  An example would be maternal exposure to thalidomide in 

pregnancy and limb development (Ben-Shlomo and Kuh 2002; Vargesson 2019).  The second 

model extends the ‘critical period model’ to account for subsequent exposures that may 

modify the effect of the initial critical period exposure (Ben-Shlomo and Kuh 2002).  An 

example would be the detrimental effect that being overweight in adulthood has on the 

development of insulin resistance in small birthweight babies (Ben-Shlomo and Kuh 2002; 

Lithell et al. 1996).  The third model refers to disease caused by the cumulative effect of 

multiple unrelated exposures, such as the cumulative effect of an accidental skin burn and 

excessive exposure to sunlight on the risk of developing skin cancer (Ben-Shlomo and Kuh 

2002).  The fourth model is similar in that it refers to the accumulation of risk, but this model 

refers to the accumulation of risk due to related factors.  These factors could be clustered, 

such as risk factors associated with socio-economic status, or they could be linked in 

pathways or chains, e.g. one factor predisposes to another factor which, in turn, increases 

disease risk (Ben-Shlomo and Kuh 2002).  These theoretical models are not intended to be 

mutually exclusive, and chronic disease development may involve more than one, or 

possibly all, of these theoretical pathways (Ben-Shlomo and Kuh 2002). 

The critical period model 

The critical period model with later effect modifiers 

Accumulation of risk with independent and uncorrelated insults 

Accumulation of risk with correlated insults (clustering, chains or pathways of risk) 

Table 2: Conceptual models of disease causation in life course epidemiology. 
(Ben-Shlomo and Kuh 2002; WHO 2000) 
 

2.10.3: Study design in life course epidemiology 

The ideal study design for implementing a life course approach to chronic disease causation 

is the prospective birth cohort study (Burton-Jeangros et al. 2016; Halfon et al. 2018).  Such 

studies involve the prospective measurement of potential determinants and disease 

outcomes from birth (or the prenatal period) and across the life course.  The key benefit of 

such a study design is that it maximises the potential to obtain detailed, accurate and 

reliable data by controlling the measurement of outcomes and exposures (Kuh and Ben-

Shlomo 2004) and takes into consideration the whole life course.  However, the conduct of 
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such studies is challenging in many ways: there can be a substantial time lag between 

instigating a study and realising its benefits; such studies are extremely costly and resource 

intensive; and loss to follow-up and resultant sample bias is often a problem (Halfon et al. 

2018; Kuh and Ben-Shlomo 2004).   

Beyond the prospective birth cohort study, prospective cohort studies starting after birth 

can provide an alternative opportunity to apply a partial life course approach to the study of 

chronic disease causation (Halfon et al. 2018).  However, the severe disadvantage of such 

studies is that they do not include information about the part of the life course preceding 

the study’s start point.  This can be a significant drawback, given the importance of birth and 

early life in the development of many chronic diseases (Barr 2017; Knop et al. 2018).   

Beyond the above prospective studies, retrospective life course studies can be utilised 

(Halfon et al. 2018; Kuh and Ben-Shlomo 2004).  Such studies are conducted at a single point 

in time but life course data is collected retrospectively from individuals.  These studies are 

quicker and easier to conduct than prospective studies, generating more timely results at 

lower resource costs.  However, retrospective data collection can be significantly limited by 

memory loss, recall bias and the inability to collect certain data retrospectively.  Such 

limitations can result in a loss of detail, inaccurate and unreliable data (Halfon et al. 2018; 

Kuh and Ben-Shlomo 2004). 

For all longitudinal studies, an additional challenge is managing changes in the 

understanding, measurement and classification of exposures and outcomes over time.  This 

results in a conflict between maintaining consistency throughout a study and keeping up-to-

date with contemporary developments (Kuh and Ben-Shlomo 2004). 

2.10.4: The application of a life course approach in the field of general health 

Over the past few decades, life course approaches have been applied to the study of general 

health and disease with increasing frequency (Ben-Shlomo et al. 2016; Pratt and Frost 2016).  

The most common general health conditions studied include obesity, malnutrition, frailty, 

cognitive function, mental health, cardiovascular diseases, musculoskeletal conditions and 

general aging (Pratt and Frost 2016).   

Across a range of general health conditions, evidence has demonstrated the importance of 

maternal, pre- and perinatal factors in offspring disease risk (Knop et al. 2018; Lebold et al. 

2020), for example, the impact of birth weight (Rolland-Cachera et al. 2006) and maternal 
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obesity, diabetes and diet (Barbour 2014a) on future metabolic risk.  The importance of 

childhood conditions has also been established for many health outcomes (Armenian et al. 

2018; Barr 2017), particularly the importance of childhood in shaping psychological 

development (Dube et al. 2003; Kuh and Ben-Shlomo 2004; Teicher et al. 2016) and the role 

of childhood socio-economic adversity in health inequalities in adulthood (Marmot 2010).  

Furthermore, there is strong evidence for the contribution of factors across adulthood to 

chronic disease risk, particularly the effects of adult lifestyle factors (such as smoking, 

alcohol and diet) on major non-communicable diseases, including cardiovascular disease, 

cancer, chronic respiratory disease and diabetes (Banks et al. 2019; Bowen et al. 2018; 

Connor 2017; Pan et al. 2019; Piano 2017; Taylor 2019).  Research has explored the 

applicability of the four conceptual models of life course disease causation (Ben-Shlomo and 

Kuh 2002) to general health and has established support for all four models, with pathways 

varying by health and disease outcomes (Burton-Jeangros et al. 2016; Halfon et al. 2018; 

Pratt and Frost 2016).  

To provide more detail and context from the field of general health, the case of 

cardiovascular disease is discussed by way of example.  Substantial evidence from 

epidemiological and animal studies supports the role of the maternal environment 

(Blackmore and Ozanne 2015) – including undernutrition (Painter et al. 2006), overnutrition 

(Reynolds et al. 2013) and diabetes (Wichi et al. 2005) – in offspring future cardiovascular 

risk.  Low birth weight has also been consistently associated with future cardiovascular 

disease risk (Hardy et al. 2015), including coronary heart disease (Huxley et al. 2007) and 

high blood pressure (Huxley et al. 2002), although there is limited research disentangling the 

effects of younger gestational age from restricted fetal growth rate within the above 

relationships (Hardy et al. 2015).  In terms of childhood effects, there is a consistent body of 

evidence supporting associations between childhood obesity and cardiovascular outcomes in 

adulthood (Park et al. 2012), although further research is needed to establish the 

independence of these effects from adulthood body mass index (Hardy et al. 2015).  A 

substantial body of evidence also establishes the adverse effects of childhood socio-

economic status on cardiovascular outcomes, independent of adult socio-economic position 

(Galobardes et al. 2008; Hardy et al. 2015).  Finally, the most established evidence and 

greatest risk relates to the role of adult lifestyle risk factors in the development of 

cardiovascular disease, namely tobacco use, diet and obesity, physical inactivity and alcohol 
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(Appelman et al. 2015; Elisaf 2001; Flora and Nayak 2019; Lamont et al. 2000).  Although 

there is still much more to be elucidated in the case of cardiovascular disease (Blackmore 

and Ozanne 2015; Hardy et al. 2015), the above evidence establishes that its development is 

a life course process, involving interactions of risk factors across the life course via complex 

pathways (Aboderin et al. 2002).  

In terms of key longitudinal studies, which have contributed extensive evidence to the field 

of life course health and disease development, a large number of multidisciplinary 

prospective birth cohort studies are now in existence (Batty et al. 2007; MRC 2021).  Some of 

the most notable are from the UK and include the 1946 British National Survey of Health and 

Development (Wadsworth et al. 2006), the 1958 British National Child Development Study 

(Power and Elliott 2006), the 1970 British Cohort Study (Elliott and Shepherd 2006) and the 

British Millennium Cohort Study (Connelly and Platt 2014).  Outside of the UK, some of the 

most notable include the Dunedin Multidisciplinary Health and Development Study (New 

Zealand, 1972/73) (Poulton et al. 2015), the Pelotas Birth Cohorts (Brazil, 1982/1993/2004) 

(Santos et al. 2011; Victora and Barros 2006; Victora et al. 2008), the Northern Finland Birth 

Cohorts (1966/1986) (Miettunen et al. 2019; Rantakallio 1988), the National Collaborative 

Perinatal Project (US, 1959-66) (Martin et al. 2004) and the South Africa Birth to Twenty 

Cohort (1990) (Richter et al. 2007).   

Other key longitudinal studies include prospective cohort studies starting after birth, such 

as: the Framingham Heart Study, which has followed over 5,000 adults from Framingham in 

the USA since 1948, to study the determinants of cardiovascular disease (Tsao and Vasan 

2015); the UK Biobank, which has followed 500,000 adults since 2006 to study a wide range 

of serious and life-threatening illnesses (Sudlow et al. 2015); and three generations of the 

Nurses’ Health Study, which have followed over 280,000 nurses from the USA from 1976 and 

beyond to study the risk factors of major chronic diseases in women (Nurses' Health Study 

2020).   

Finally, examples of key retrospective cohort studies are the Lothian Birth Cohorts of 1921 

and 1936.  Within these studies, retrospective data was collected from 550 and 1,091 adults 

living in Edinburgh and the Lothians, who were born in 1921 and 1936 respectively.  

Subsequently, mainly cognitive, but also other psycho-social and medical, outcomes have 

been studied (Deary et al. 2011). 
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2.11: A life course approach to oral health 

2.11.1: The applicability of a life course approach to oral health 

It is accepted that life course models are applicable to the development of oral health and 

disease, as oral diseases are frequently chronic and cumulative in nature, particularly the 

major oral diseases of caries, periodontal disease, oral cancer, tooth loss and non-carious 

tooth surface loss (Crall and Forrest 2018; Heilmann et al. 2015; Nicolau et al. 2007b; Watt et 

al. 2015).   

As in the field of general health, evidence has supported the applicability of all four 

theoretical models of life course chronic disease causation to oral health (Heilmann et al. 

2015; Nicolau et al. 2007b; Watt et al. 2015).  Accordingly, Heilmann et al. (2015) have 

proposed a theoretical life course framework for oral health, which takes into account 

biological, psychological, behavioural and social determinants of oral health and involves 

elements of all theoretical models of life course disease causation (Figure 2).  

 

Figure 2: A proposed theoretical life course framework for oral health. Reproduced from 
(Heilmann et al. 2015).   
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However, although the number of published studies adopting a life course approach to the 

development of oral health is steadily increasing, the overall body of evidence is still far from 

extensive (Heilmann et al. 2015).  Primarily, this is because longitudinal datasets facilitating 

the use of such an approach in the field of oral health are limited in number (Heilmann et al. 

2015).  The following sub-sections (2.11.2 and 2.11.3) provide an overview of the key 

longitudinal oral health studies in existence.  Sections 2.11.4 and 2.13 subsequently discuss 

the oral health findings from these studies. 

2.11.2: Prospective birth cohort studies with oral health data 

As previously discussed, the ideal study design for exploring the life course determinants of 

chronic diseases is the prospective birth cohort study (Halfon et al. 2018; Kuh and Ben-

Shlomo 2004).  To the author’s knowledge, sixteen prospective birth cohort studies to date 

have included data on oral health outcomes, eleven from outside the UK (Table 3) and five 

from within the UK (Table 4).   

The longest running and most comprehensive of the non-UK studies is the Dunedin 

Multidisciplinary Health and Development study, which began with 1,037 babies born in 

Dunedin, New Zealand, in 1972/1973 (Poulton et al. 2015).  Second to this, the most useful 

studies are the oral health sub-studies of three Pelotas (Brazil) Birth Cohorts (Peres et al. 

2017; Peres et al. 2010; Peres et al. 2016), the Iowa Fluoride Study in the USA (Levy et al. 

1998) and the Australian Aboriginal Birth Cohort (ABC) study (Sayers et al. 2017).  These 

latter cohorts are younger than the Dunedin study; the three Pelotas cohorts began in 1982, 

1993 and 2004, whilst the Iowa Fluoride and ABC studies began in 1992 and 1987, 

respectively.  However, these cohorts are not dissimilar in size to the Dunedin study; the 

Pelotas oral health sub-studies included 900, 359 and 1,129 individuals, whilst the Iowa and 

ABC studies included 1,072 and 686 babies, respectively.  The above cohorts have all 

undergone regular detailed dental examinations, focusing on a range of oral health 

outcomes (apart from the Iowa study, which has focused purely on caries and fluorosis).  

Extensive information about a broad array of potential determinant factors, including socio-

demographic, biological, lifestyle and health factors, has also been regularly collected across 

the life course in all studies (Broadbent et al. 2011; Broadbent et al. 2016; Curtis et al. 2018a; 

Jamieson et al. 2010c; Peres et al. 2017; Peres et al. 2010; Peres et al. 2016; Poulton et al. 

2015; Sayers et al. 2017; Thomson et al. 2000; Warren et al. 2006).  Retention rates in the 
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above cohorts are variable, but are notably higher in the Dunedin study, in which 89% of 

original participants were dentally examined at age 38 (Broadbent et al. 2013).  

Beyond the above studies, five other non-UK prospective birth cohort studies with dental 

data also exist but are in their relative infancy.  The VicGeneration (VicGen) Study and the 

Study of Mothers’ and Infants’ Life Events Affecting Oral Health (SMILE) recruited 466 babies 

from disadvantaged areas in Victoria, Australia, in 2008, and 2,112 babies from Adelaide, 

Australia, in 2013/2014, respectively (Do et al. 2014; Johnson et al. 2017).  Both studies have 

conducted dental examinations at regular intervals (the former examining caries only and 

the latter a broad range of clinical dental outcomes).  A sub-study (n=340) from a 2001/2002 

birth cohort from Sao Leopoldo, Brazil, also involved the collection of clinical data regarding 

caries and traumatic dental injuries up to the age of four (Feldens et al. 2010), whilst the 

Gudaga Study has included information on the OHBs of a cohort of 149 Aboriginal babies 

born in the Campbelltown region of Australia from 2005 to 2007 (George et al. 2018).  Lastly, 

the Longitudinal Study of Australian Children (LSAC) recruited 5,107 babies from across 

Australia in 2003 and 2004, but measured oral health outcomes have been limited to self-

reported clinical dental outcomes (reported by carers) (Stormon et al. 2019).  

Table 3 summarises the key characteristics of the above non-UK prospective life course 

studies, alongside their main strengths and weaknesses. 

  



29 
 

Study name Country  Start date Cohort 
characteristics 

Dental outcomes  Key strengths and 
weaknesses 

Dunedin 
Multidisciplinary 
Health and 
Development 
Study (Poulton et 
al. 2015) 

New 
Zealand 

1972/1973 1,037 babies 
born in 
Dunedin 

Ages 5, 9, 11, 13, 15, 18, 
21, 26, 32, 38 and 45. 
 
Detailed assessments of: 
- caries 
- periodontal disease 
- tooth loss 
- enamel defects 
- plaque control 
- malocclusion  
- OHRQoL 
 
 

Substantial and 
detailed dental and 
potential 
determinants data. 
 
Retention rates 
extremely high.  
 
Oldest non-UK 
prospective birth 
cohort with dental 
data. 

Pelotas Birth 
Cohorts (dental 
sub-studies) 
(Peres et al. 
2017; Peres et al. 
2011a; Peres et 
al. 2010) 

Brazil 1982 
 
 
1993 
 
2004 

900 babies 
born in Pelotas 
 
359 (as above) 
 
1,129 (as 
above) 

Ages 15, 24 and 31. 
 
 
Ages 6, 12 and 18. 
 
Age 5. 
 
Detailed assessments of: 
- caries 
- periodontal disease 
- malocclusions 
- soft tissues 
- posterior restorations 
- prostheses use 
- trauma 
- fluorosis  
 

Substantial and 
detailed dental and 
potential 
determinants data. 

Iowa Fluoride 
Study (Levy et al. 
1998) 

USA 1992 to 
1995 

1,072 babies 
born in Iowa 

Ages 5, 9, 13, 17 and 23. 
 
Detailed assessments of: 
- caries 
- fluorosis 

Detailed dental and 
potential 
determinants data. 
 
 

Aboriginal Birth 
Cohort (ABC) 
Study (Sayers et 
al. 2017) 

Australia 1987 to 
1990 

686 babies 
born to 
Aboriginal 
mothers in 
Darwin 

Ages 18 and 24. 
 
Detailed assessments of: 
- caries 
- periodontal disease 
- tooth loss 
- soft tissue lesions 

Detailed dental and 
potential 
determinants data. 
 
Focus on Aboriginal 
community may affect 
generalisability. 
 
 

VicGeneration 
(VicGen) Study 
(Johnson et al. 
2017) 

Australia 2008 466 babies 
born to 
disadvantaged 
mothers in 
Victoria 

Approximately yearly 
detailed caries 
assessments. 

Detailed dental and 
potential 
determinants data. 
 
Focus on 
disadvantaged 
communities may 
affect generalisability. 
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Study of 
Mothers’ and 
Infants’ Life 
Events Affecting 
Oral Health 
(SMILE) (Do et al. 
2014) 

Australia 2013/2014 2,012 babies 
born in 
Adelaide  

Age 2 (and currently at 
school age). 
 
Detailed assessments of: 
-  caries 
- development defects  
- gingival health  

Detailed dental and 
potential 
determinants data. 

Sao Leopoldo 
Birth Cohort 
(Feldens et al. 
2010) 

Brazil 2001/2002 340 babies 
born in Sao 
Leopoldo 

Caries and traumatic 
dental injuries up to age 
of four. 

Detailed dental and 
potential 
determinants data. 
 
Short dental follow-
up. 

Gudaga Study 
(George et al. 
2018) 

Australia 2005 to 
2007 

149 babies 
born to 
Aboriginal 
mothers in the 
Campbelltown 
region 

Oral health behaviours. No data on oral health 
outcomes, purely 
behaviours. 
 
Small sample size. 
 
Focus on Aboriginal 
community may affect 
generalisability. 

Longitudinal 
Study of 
Australian 
Children (LSAC) 
(Stormon et al. 
2019) 

Australia 2003/2004 5,107 babies 
across Australia 

Self-reported (by carers): 
- caries experience 
- injuries 
- dental treatment 
- oral health behaviours 

Only self-reported (by 
carers) oral health 
outcomes. 

Table 3: Summary characteristics of non-UK prospective birth cohort studies with dental 
data. 
 

In addition to the above studies from outside of the UK, five prospective birth cohort studies 

with dental data also exist within the UK (Table 4).  The longest running is the Newcastle 

Thousand Families Study (NTFS), which began in 1947 with 1,142 babies born in Newcastle 

upon Tyne (Pearce et al. 2009b).  Detailed information about birth, socio-demographic, 

biological, lifestyle and health factors has been collected from participants across the life 

course, whilst clinical dental examinations (measuring self-reported and clinical outcomes) 

were undertaken at ages 50 (n=337) and 63 (n=343) (Pearce et al. 2009b).  Although this 

study is the longest prospective birth cohort with dental data in existence, the dental 

examination data is reasonably limited compared to other seminal studies, such as the 

Dunedin (Poulton et al. 2015) and Pelotas birth cohorts (Peres et al. 2017; Peres et al. 2011a; 

Peres et al. 2010).  Additionally, due to the abeyance of this study (other than a few small 

scale sub-studies) between the ages of 18 and 50, life course data between these ages was 

collected retrospectively (Pearce et al. 2009b), and the loss to follow-up rate at the age 50 
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and 63 dental examinations was high (around 70% at both) (Pearce et al. 2004).  Other 

studies include: the Millennium Cohort Study (n=18,827) (Connelly and Platt 2014) and the 

National Child Development Study (NCDS) (n=17,416) (Delgado-Angulo and Bernabe 2015b), 

which recruited babies from across the UK; the Avon Longitudinal Study of Parents and 

Children (ALSPAC) (n=14,061 live births), based in Bristol (Dudding et al. 2018); and one of 

the Growing Up in Scotland (GUS) birth cohorts (n=5,217) (Skafida and Chambers 2018).  The 

NCDS is nearly as old as the NTFS cohort, beginning in 1958, whereas the other studies are 

more recent, beginning in 2000, 1991/92 and 2004/05 respectively.  Other than the NTFS, all 

of these UK studies, however, have only obtained self-reported, rather than clinically 

measured, oral health outcomes (apart from a sub-study in the ALSPAC cohort which 

obtained clinical data up until the age of seven) (Connelly and Platt 2014; Delgado-Angulo 

and Bernabe 2015a; Dudding et al. 2018; Fitzsimons 2020; Skafida and Chambers 2018). 
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Study name Start date Cohort 
characteristics 

Dental outcomes Key strengths and 
weaknesses 

Newcastle 
Thousand Families 
Study (Pearce et al. 
2009b) 

1947 1,142 babies 
born in 
Newcastle 
upon Tyne 

Ages 50 and 63. 
 
Assessment of: 
- tooth retention 
- denture use 
- mobile teeth 
- grossly broken teeth 
- occluding pairs 
- dental pain 
- OHRQoL 

Oldest prospective birth 
cohort with dental data in 
existence. 
 
Detailed data on potential 
determinants but age 18 to 
50 data collected 
retrospectively. 
 
Dental examination data 
reasonably limited.  
 
Significant loss to follow-up 
(70% by age 50 and 63 dental 
examinations). 

Millennium Cohort 
Study (Connelly 
and Platt 2014) 

2000 18,827 babies 
from across the 
UK 

Self-reported dental 
health at age 14 

Dental health outcomes self-
reported and only at age 14. 

National Child 
Development 
Study (NCDS) 
(Delgado-Angulo 
and Bernabe 
2015b) 

1958 17,416 babies 
from across the 
UK 

Self-reported problems 
with gums or mouth at 
age 33 

Limited dental health 
outcomes self-reported at 
age 33 only.  

Avon Longitudinal 
Study of Parents 
and Children 
(ALSPAC) (Dudding 
et al. 2018) 

1991/1992 14,061 babies 
born in Bristol 

Ages 7, 10, 17 and 23. 
 
Self-reported data on: 
- dental treatment 
- dental visiting  
- wisdom teeth 
- mouth ulcers 
 
(10% sub-study: 
additional age 5 caries 
examinations) 

Dental health outcomes 
limited and self-reported 
(other than sub-study caries 
data at age 5). 

Growing Up in 
Scotland (GUS) 
Birth Cohort 1 
(Skafida and 
Chambers 2018) 

2004/2005 5,217 babies 
from across 
Scotland 

Age 5: Self-reported (by 
mothers) dental 
treatment experience 

Dental health outcomes 
limited and self-reported (by 
mothers). 

Table 4: Summary of UK prospective birth cohort studies with dental data. 
 

2.11.3: Prospective cohort studies starting after birth and retrospective studies 

As discussed, second to prospective birth cohort studies, prospective cohort studies starting 

after birth and retrospective life course studies provide the next best evidence regarding the 

life course determinants of oral health (Halfon et al. 2018; Kuh and Ben-Shlomo 2004).  

Multiple studies utilising these two designs and including oral health data exist, the most 
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relevant of which are summarised in Tables 5 and 6 and discussed in the following 

paragraphs.   

Regarding prospective cohort studies starting after birth (Table 5), key UK studies include the 

British Regional Heart Study (BRHS) and the English Longitudinal Study of Ageing (ELSA).  The 

former has regularly followed 7,735 men aged 40 to 59 from across Britain since the late 

1970s (Lennon et al. 2015).  The study was initially set up to focus on cardiovascular disease, 

but subjects underwent dental examinations for the first time between 2010 and 2012 when 

they were 71-92 years old (Ramsay et al. 2015).  Of note, this study focuses only on men, 

which may affect its generalisability to women.  The ELSA has followed 11,391 participants 

over 50 years of age from across England every two years since 2002/03 (Steptoe et al. 

2013).  The study focuses on the dynamics of health, social, wellbeing and economic 

circumstances and has collected self-reported oral health data every four years (Kang et al. 

2019; Rouxel et al. 2015a; Steptoe et al. 2013).     

Outside of the UK, some of the most useful prospective studies include the Veterans Affairs 

Dental Longitudinal Study (Kapur et al. 1972) and the Florida Longitudinal Dental Care Study 

(Gilbert et al. 2003; University of Florida Health 2020).  The former has followed a cohort of 

1,231 male veterans, originally aged 21-84, from Massachusetts (USA) since 1969, and 

conducted detailed dental examinations every three to five years.  The latter followed 873 

adults aged 45 and over from Florida from 1994, collecting detailed clinical and self-reported 

oral health data at least every two years.  The former, however, recruited only ‘medically 

healthy’ male veterans, affecting the generalisability of this study, whilst the latter involved 

a relatively short follow-up period of only six years.  Further studies include: the 1942 

Swedish Birth Cohort Study, which followed over 6,000 fifty year-olds for twenty years 

between 1992 and 2012, collecting self-reported oral health data at five yearly intervals 

(Astrom et al. 2015; Astrom et al. 2011a); the Pro-Saude Study, which followed up 4,030 

university staff (aged 22-67) from Rio de Janeiro, Brazil, from 1999, collecting self-reported 

oral health information after thirteen years (Faerstein et al. 2005; Vettore et al. 2016); a 

longitudinal study of 671 one year-olds from Sweden in 1988, who have been followed up 

until fifteen years of age and participated in regular detailed caries assessments (Alm et al. 

2008; Wendt et al. 1994); and a longitudinal study of 638 twelve year-olds from Hong Kong 

in 2001, who were followed up at ages 15 and 18 years of age and in whom detailed caries 

and periodontal examinations were conducted (Lu et al. 2011).  Notably, the follow-up 
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periods of these latter four studies were all time limited (between six and twenty years).  

Furthermore, the 1942 Swedish Birth Cohort Study and the Pro-Saude study are limited by 

their reliance on self-reported oral health outcomes (Table 5).
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Study name Start 
date 

Cohort 
characteristics 

Dental outcomes Key strengths and 
weaknesses 

UK studies  

British Regional 
Heart Study 
(BRHS) (Lennon 
et al. 2015; 
Ramsay et al. 
2015) 
 
 

1978-80 7,734 men aged 40-
59 from across 
Britain 

Single assessment aged 71-
92: 
 
- tooth retention 
- periodontal disease 
- OHRQoL  
- self-rated oral health 
- xerostomia 
 

Detailed dental assessment 
(although no caries data).  
 
Focus on dental outcomes 
only latterly (initial focus was 
on cardiovascular disease) so 
lack of early data on certain 
oral health-specific 
determinants. 
 
Limited to men only. 
 
Follow-up only from middle 
age. 

English 
Longitudinal 
Study of Ageing 
(ELSA) (Kang et 
al. 2019; Rouxel 
et al. 2015a; 
Steptoe et al. 
2013) 

2002/03 11,391 adults age 
50+ from across 
England 

Approximately every 4 
years: 
 
- self-reported number of 
teeth  
- self-rated oral health 
status 
- OHRQoL 

Only self-reported oral health 
outcomes. 
 
Follow-up only from middle 
or older age. 

Non-UK studies 

Florida 
Longitudinal 
Dental Care 
Study (Gilbert 
et al. 2003; 
University of 
Florida Health 
2020) 

1994 873 adults aged 45+ 
from Florida, USA 

Detailed assessments every 
2 years (for 6 years): 
 
- caries  
- periodontal disease 
- tooth retention 
- self-reported outcomes 

Detailed potential 
determinant and outcome 
data (although no dietary 
data).   
 
Follow up only for 6 years 
from middle or older age. 
 
 

The Veterans 
Affairs Dental 
Longitudinal 
Study (Kapur et 
al. 1972) 

1969 1,231 medically 
healthy men aged 
21-84 from Greater 
Boston area, 
Massachusetts, USA 

Detailed examinations 
every 3 to 5 years: 
 
- caries 
- periodontal disease 
- tooth retention 
- filled teeth 
- self-rated oral health 

Detailed potential 
determinant and dental data. 
 
Focus on medically healthy 
male veterans affects 
generalisability. 
 
Follow-up only from young, 
middle or older adulthood. 

1942 Swedish 
Birth Cohort 
Study (Astrom 
et al. 2015; 
Astrom et al. 
2011a) 

1992 6,346 adults aged 50 
from Sweden 

Self-reported outcomes 
every 5 years (for 20 years): 
 
- number of teeth 
- OHRQoL  

Outcomes self-reported and 
limited. 
 
Limitations in potential 
determinant data, e.g. lack of 
dietary data. 
 
Follow up only for 20 years 
from middle age. 
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Pro-Saude 
Study 
(Faerstein et al. 
2005; Vettore 
et al. 2016) 

1999 4,030 university staff 
(aged 22-67) in Rio 
de Janeiro, Brazil 

Self-reported measures of 
tooth loss and self-rated 
oral health 13 years after 
baseline. 

Outcomes limited and self-
reported. 
 
Follow up only for 13 years 
from young or mid 
adulthood. 

Longitudinal 
study of one 
year-olds in 
Jonkoping, 
Sweden (no 
official title) 
(Alm et al. 
2008; Wendt et 
al. 1994) 

1988 671 one-year olds 
from Jonkoping, 
Sweden 

Regular detailed caries 
examinations between ages 
1 and 15. 

Detailed clinical caries 
examinations. 
 
Detailed potential 
determinant data, apart from 
dietary data. 
 
Only 14 year follow up. 

Longitudinal 
study of 12 
year-olds in 
Hong Kong (no 
official title) (Lu 
et al. 2011) 

2001 638 12 year-olds 
from Hong Kong 

Dental assessments at age 
12, 15 and 18: 
 
- caries 
- periodontal disease 

Detailed caries examinations. 
 
Detailed potential 
determinant data. 
 
Follow-up only for 6 years 
from 12 years of age. 

Table 5: Summary of key prospective cohort studies starting after birth with dental data. 
 

Finally, with respect to purely retrospective studies (Table 6), some of the most relevant 

findings come from studies such as the Finnish Health 2000 Survey (Bernabe et al. 2011), the 

Survey of Health, Ageing and Retirement in Europe (SHARE) (Listl et al. 2018; Listl et al. 

2014), the Norwegian Trondelag Studies (Holst and Schuller 2012; Schuller and Holst 1998) 

and studies of Brazilian thirteen year olds and their mothers (Nicolau et al. 2003a; Nicolau et 

al. 2007a).  The former three studies are large scale, cross-sectional population health 

surveys of adults from Finland, fourteen European countries and Norway, respectively, 

which have collected contemporaneous dental outcome measures and retrospective 

information about potential determinants across the life course.  The Finnish and Norwegian 

studies include detailed clinical examination data, whereas the SHARE study includes only 

limited self-reported oral health outcomes.  The Brazilian cohorts included a cross-sectional 

study of 652 thirteen year-olds and 305 of their mothers in 1999, involving detailed dental 

examinations and the collection of retrospective life course data. 
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Study name Start date Cohort 
characteristics 

Dental outcomes Key strengths and 
weaknesses 

Finnish Health 
2000 Survey 
(Bernabe et al. 
2011) 

2000/2001 7,112 adults aged 
30+ across Finland 

Single assessment of:  
 
- caries 
- periodontal disease 
- tooth retention 
- perceived oral health 

Detailed dental data.  
 
Retrospective collection 
of determinant variables. 

Survey of 
Health, Ageing 
and Retirement 
in Europe 
(SHARE) (Listl 
et al. 2018; Listl 
et al. 2014) 

7 waves 
from 2004-
2017 

Adults aged 50+ 
from 14 European 
countries and 
Israel (16,624 in 
SHARE wave 2, 
41,560 in wave 5) 
 

Self-reported chewing ability 
(wave 2). 
 
Self-reported number of 
teeth (wave 5) 

Limited and self-reported 
dental outcomes. 
 
Retrospective collection 
of determinant variables. 

The Trondelag 
Study (Holst 
and Schuller 
2012; Schuller 
and Holst 1998) 

Three cross-
sectional 
waves in 
1984, 1997 
and 2006. 

Adults in 
Trondelag, Norway 
(3,869 in 1983, 
3,493 in 1997 and 
700 in 2006).  
 

Single dental assessment of: 
 
- caries 
- filled teeth 
- missing teeth 

Detailed dental data.  
 
Retrospective collection 
of determinant variables. 
 

Study of 
Brazilian 
children and 
mothers (no 
official title) 
(Nicolau et al. 
2003a; Nicolau 
et al. 2007a) 

1999 652 thirteen year-
olds from Cianorte, 
Brazil. 
 
 
 
 
305 mothers of 
above children. 

Single assessment (in 
children) of: 
 
- caries 
- gingival bleeding 
- traumatic dental injuries  
 
Single assessment (in 
mothers) of periodontal 
disease. 

Detailed dental data.   
 
Retrospective collection 
of determinant variables. 
 
 
 
Focus only on part of life 
course up to early 
motherhood. 

Table 6: Summary of key retrospective life course studies with dental data.  
 

2.11.4: Contributions of longitudinal oral health studies 

In terms of the contributions of each of the above longitudinal oral health studies to 

knowledge regarding the determinants of oral health, a substantial amount of research has 

been based on the Dunedin (Broadbent et al. 2011; Broadbent et al. 2016; Crocombe et al. 

2012; Thomson 2012; Thomson et al. 2007; Thomson et al. 2000; Thomson et al. 2010), 

Pelotas (Peres et al. 2017; Peres et al. 2009; Peres et al. 2018a; Peres et al. 2018b; Peres et 

al. 2007; Peres et al. 2016; Schuch et al. 2018) and Iowa (Broffitt et al. 2013; Chankanka et al. 

2016; Curtis et al. 2018a; Levy et al. 2003; Wang et al. 2012) prospective birth cohort studies, 

plus the prospective Florida Longitudinal Dental Care study (starting after birth) (Dolan et al. 

2001; Fisher et al. 2004; Gilbert et al. 2003; Gilbert et al. 2000; Riley and Gilbert 2005).  A 

more modest amount of evidence has been based upon most of the other studies to date 

(Alm et al. 2008; Astrom et al. 2011b; Delgado-Angulo and Bernabe 2015a; 2015b; Feldens et 
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al. 2010; Ha and Do 2018; Jamieson et al. 2010b; 2010c; Kang et al. 2019; Kay et al. 2010; 

Krall et al. 2006; Lu et al. 2011; Pearce et al. 2004; Pearce et al. 2009a; Ramsay et al. 2018; 

Rouxel et al. 2015a; Skafida and Chambers 2018; Tsakos et al. 2011; Vettore et al. 2016).  To 

the author’s knowledge, no published analyses regarding the determinants of oral health 

have been based upon the VicGen, LSAC, Gudaga and Millennium prospective birth cohort 

studies.    

An overview of these findings will be provided in Section 2.13.  However, firstly, it is 

necessary to discuss the statistical techniques appropriate for the analysis of longitudinal 

data, as these significantly influence the interpretation of such findings.  

2.12: Causal pathways modelling in life course research 

2.12.1: An introduction 

It is recognised that research utilising a life course approach to study the development of 

health and disease must utilise specialised statistical techniques that permit the longitudinal 

modelling of causal pathways of disease development across the whole life course (Bub and 

Ferretti 2014; Burton-Jeangros et al. 2016; Halfon et al. 2018).  Traditional multivariable 

regression analyses are insufficient as they treat distal and proximal determinants of disease 

as being equally distant to the outcome and presume the effects of determinants on 

outcomes are direct (Figure 3a) (Weitkunat and Wildner 2002).  Such methods do not allow 

complex pathways of causation to be modelled, whereby some determinants may not have 

a direct effect on an outcome but may exert indirect effects via mediator variables (Victora 

et al. 1997; Weitkunat and Wildner 2002).  The result of this is that the effects of more distal 

determinants on an outcome are often underestimated (Newton and Bower 2005; 

Weitkunat and Wildner 2002). 

It is therefore recommended that hierarchical regression modelling is used as a minimum in 

life course epidemiology but, ideally, more contemporary techniques, such as structural 

equation modelling (SEM) and path analysis (Bub and Ferretti 2014; Newton and Bower 

2005; Victora et al. 1997).  Hierarchical regression modelling involves grouping potential 

determinants by levels, such as life course stages, in a conceptual framework (Figure 3b) and 

running a series of multivariable regression models, incorporating successive levels each 

time (i.e. starting with only those determinants in level one, then including determinants in 

levels one and two and so forth) (Victora et al. 1997).  By comparing results between the 
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above models, this allows the direct and indirect effects of each level of predictor variables 

to be elucidated (Victora et al. 1997).   

A disadvantage of hierarchical regression, however, is that detailed causal pathways 

between individual variables cannot be elucidated (Newton and Bower 2005).  For this 

reason, path analysis is preferred, which is a more sophisticated extension of multivariable 

regression analysis, whereby multiple regression coefficients are estimated simultaneously 

for each path in a previously specified path diagram of causal relations between multiple 

individual variables (Figure 3c) (Newton and Bower 2005; Shipley 2016).  This allows both 

direct and indirect paths between all variables to be modelled (Shipley 2016).  SEM is a 

further extension of path analysis, whereby latent variables are also included in the model, 

in addition to observed variables (Lei and Wu 2007).  Latent variables are variables that 

cannot be measured directly but can be estimated by a number of other observable 

variables (Lei and Wu 2007).   

 

Figure 3: Diagrammatic comparison of a) multivariable regression, b) hierarchical 
multivariable regression, c) path analysis. 
a) identifies only direct paths between predictor and outcome variables, b) identifies direct 
and indirect paths between levels of predictor variables, c) identifies direct and indirect paths 
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between individual variables.  Direct and indirect paths are represented by solid and dotted 
lines respectively.   
 

2.12.2: Applications in the field of general health 

Hierarchical regression models and SEM, including path analyses, have been utilised in 

health research mainly over the past three decades (Beran and Violato 2010; Lei and Wu 

2007; Victora et al. 1997).  Although their applications in medical research and epidemiology 

are growing, there is still scope for much wider application of these techniques however 

(Beran and Violato 2010; Tu 2009). 

Studies on a range of topics have incorporated hierarchical regression modelling techniques, 

to distinguish the effects of risk factors acting at different levels on health outcomes (Duncan 

et al. 1999; Nascimento et al. 2004; Nonterah et al. 2018; Parker et al. 2003; Pearce et al. 

2006).  For example, such techniques have been used to separate the effects of more 

upstream determinants from more proximal determinants (Nonterah et al. 2018; Parker et 

al. 2003; Pearce et al. 2006), such as the effects of different stages of the life course on 

disease outcomes (Parker et al. 2003; Pearce et al. 2006; Pearce et al. 2005) or the effects of 

different levels of risk factors on outcomes, such as neighbourhood, family and individual 

effects (Duncan et al. 1999; Reading et al. 1999).   

In the case of more advanced SEM and path analysis techniques, a range of health outcomes 

have also been explored, for example, in the fields of psychiatry (Loberg et al. 2006), 

cardiovascular health (Dahly et al. 2009; Pearce et al. 2012), reproduction (Islam et al. 2016; 

Sheppard et al. 2016) and respiratory function (Shook-Sa et al. 2017; Tennant et al. 2008).  

Using the 1947 NTFS prospective birth cohort study as an example, path analysis has been 

used to explore the overall, direct and indirect contributions of factors across the whole life 

course on reproduction patterns (Sheppard et al. 2016), adulthood physical activity (Mann et 

al. 2013), adult respiratory function (Tennant et al. 2008), adulthood blood pressure (Mann 

et al. 2011) and adulthood fibrinogen levels (Pearce et al. 2012).  For example, in a study of 

blood pressure, Mann and colleagues (2011) demonstrated that adulthood factors and birth 

factors were both important in determining age 50 blood pressure.  Specifically, adulthood 

body mass index then sex were of greatest overall importance, followed by birth factors 

(including social class at birth and standardised birth weight), then adulthood physical 

activity.  In contrast, adulthood smoking status and social class were of least importance 
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(Figure 4) (Mann et al. 2011).  Furthermore, this analysis demonstrated the pathways of 

influence between the above variables (Figure 4) (Mann et al. 2011).  The use of path 

analysis modelling techniques in this research significantly enhanced its reliability and 

usefulness compared to previous examples in this field (Cheung et al. 2000; Martyn et al. 

1995), as it allowed causal pathways between individual factors to be modelled and relative 

contributions of early life factors to be elucidated, despite effects being mediated through 

later life variables.   

 

Figure 4: Path diagram showing the direct and indirect predictors of diastolic blood pressure 
at age 50 years in the NTFS, according to an analysis by (Mann et al. 2011). 
Significant effects (p<0.05) are represented by arrows and are labelled with standardised 
coefficients (β).  Direct and indirect effects are represented by solid and dashed arrows 
respectively.  The standardised total effect for each variable is the sum of the direct and 
indirect effects and is shown underneath the variable name. 
 

2.12.3: Applications in the field of oral health 

Analogous to the field of general health research, researchers within oral health 

epidemiology also recognise that research investigating the causes of oral health and disease 

needs to move beyond using simple statistical methods (i.e. traditional multivariable 
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regression) and utilise techniques which permit the modelling of complex causal pathways of 

disease development (i.e. hierarchical regression modelling and SEM) (Crall and Forrest 

2018; Newton and Bower 2005; Nicolau et al. 2007b).  Historically, analyses investigating the 

determinants of oral disease have not utilised such techniques (Crall and Forrest 2018; 

Newton and Bower 2005) but, in recent years, a substantial number of studies have begun 

to apply such approaches (Aleksejuniene et al. 2002a; Aleksejuniene et al. 2002b; Bernabe et 

al. 2009; Broadbent et al. 2016; Curtis et al. 2018a; Donaldson et al. 2008; Duijster et al. 

2014; Gao et al. 2010; Gururatana et al. 2014; Ho et al. 2019; Kumar et al. 2017; Lu et al. 

2011; Mason et al. 2006; Newton and Bower 2005; Pearce et al. 2004; Peres et al. 2018b; 

Sfreddo et al. 2019; Silva et al. 2020; Tolvanen et al. 2012; Vendrame et al. 2018; Vettore et 

al. 2016).  The majority of studies have utilised SEM (Broadbent et al. 2016; Curtis et al. 

2018a; Vettore et al. 2016) or path analysis (Goettems et al. 2018; Lu et al. 2011), although 

some analyses have used hierarchical regression modelling techniques (Mason et al. 2006; 

Pearce et al. 2004).   

Many of the above applications of causal pathways modelling techniques have been applied 

to cross-sectional data (Aleksejuniene et al. 2002a; Aleksejuniene et al. 2002b; Behbahanirad 

et al. 2017; Bernabe et al. 2009; Donaldson et al. 2008; Duijster et al. 2014; Ho et al. 2019; 

Kojima et al. 2013; Kumar et al. 2017; Polk et al. 2010; Tolvanen et al. 2012) or longitudinal 

data with very short follow-up periods, e.g. of around one year (Gao et al. 2010; Gururatana 

et al. 2014; Silva et al. 2020).  Such studies are very useful in providing evidence about the 

pathways existing between different determinants of oral health at a single point in time, 

but do not provide any evidence regarding determinants across the life course. 

With regards to the application of causal pathways modelling approaches to longitudinal 

data to explore the determinants of oral health, the number of studies is reasonably limited.  

Studies primarily relate to: the Dunedin (Broadbent et al. 2016), Pelotas (Goettems et al. 

2018; Peres et al. 2018b), Iowa (Curtis et al. 2018a) and NTFS (Mason et al. 2006; Pearce et 

al. 2004) prospective birth cohorts; two prospective longitudinal studies starting after birth – 

the Pro-Saude Study (Vettore et al. 2016) and the six-year follow up of twelve year-olds in 

Hong Kong (Lu et al. 2011); and two retrospective life course studies – the Finnish Health 

2000 Survey (Bernabe et al. 2012) and a retrospective study of adults aged eighteen years or 

over in Brazil (Vendrame et al. 2018).  These longitudinal studies have primarily explored the 

determinants of clinical oral health outcomes in both adults (Bernabe et al. 2011; Broadbent 
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et al. 2016; Pearce et al. 2004; Vendrame et al. 2018; Vettore et al. 2016) and children 

(Curtis et al. 2018a; Goettems et al. 2018; Lu et al. 2011; Peres et al. 2018b), primarily 

focusing on caries (Broadbent et al. 2016; Curtis et al. 2018a; Goettems et al. 2018; Lu et al. 

2011), periodontal (Lu et al. 2011; Peres et al. 2018b) and tooth loss outcomes (Broadbent et 

al. 2016; Pearce et al. 2004; Vendrame et al. 2018; Vettore et al. 2016), but have also 

explored the determinants of OHRQoL (Gururatana et al. 2014; Mason et al. 2006).  Two of 

these studies have utilised hierarchical regression modelling (Mason et al. 2006; Pearce et al. 

2004), but the others have used path analysis (Goettems et al. 2018; Lu et al. 2011; Peres et 

al. 2018b) or SEM techniques (Bernabe et al. 2012; Broadbent et al. 2016; Curtis et al. 2018a; 

Vendrame et al. 2018; Vettore et al. 2016).  Due to the small number of studies and the 

narrow focus of several studies (Goettems et al. 2018; Lu et al. 2011; Peres et al. 2018b), the 

contribution of this evidence to our understanding of the life course determinants of oral 

health is fairly limited, and the potential to increase the amount of evidence in this field is 

significant.   

The findings of the above studies will be discussed in the following section (Section 2.13), 

where they will be discussed in the context of the whole body of evidence exploring the life 

course determinants of oral health.  

2.13: Key findings from life course oral health studies 

Building on the information provided in Sections 2.11 and 2.12, this section now reviews the 

contribution of existing longitudinal studies to knowledge about the life course determinants 

of oral health, particularly those using causal pathways modelling approaches.  Sub-section 

2.13.1 firstly discusses studies which have focussed in particular on the association between 

life course socio-economic trajectories and oral health outcomes, as this has been one 

particular focus of research.   Sub-sections 2.13.2 to 2.13.4 subsequently discuss key findings 

relating to the broader determinants of dental caries, periodontal disease and tooth loss as, 

pertaining to the most common clinical dental diseases (Dye 2017), these areas have been 

the other main focus of research. 

2.13.1: Life course socio-economic trajectories and oral health outcomes 

The relationship between life course socio-economic trajectories and adulthood oral health 

outcomes has been the specific focus of a number of analyses utilising data from longitudinal 

oral health studies.  Such analyses relate to a range of studies, predominantly: the Pelotas 
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(Peres et al. 2018a; Peres et al. 2011b; Schuch et al. 2018), Dunedin (Poulton et al. 2002; 

Thomson et al. 2004), NTFS (Pearce et al. 2009a) and NCDS (Delgado-Angulo and Bernabe 

2015a; 2015b) prospective birth cohorts; two prospective longitudinal studies starting after 

birth – the UK BRHS (Ramsay et al. 2018) and the 1942 Swedish Birth Cohort (Astrom et al. 

2015); and three retrospective life course studies – the Finnish Health 2000 survey (Bernabe 

et al. 2011; Bernabe et al. 2009; Bernabe et al. 2012) and two studies of Brazilian adults 

(Andrade et al. 2018; Vendrame et al. 2018).  The key studies and their findings relating to 

caries, periodontal disease and tooth loss are detailed in Table 7. 

In summary, studies have focused on trajectories based on several socio-economic 

measures, particularly social class (Pearce et al. 2009a; Poulton et al. 2002; Ramsay et al. 

2018; Thomson et al. 2004), income (Peres et al. 2011b; Schuch et al. 2018) and educational 

attainment (Bernabe et al. 2011).  They have investigated outcomes across all of adulthood 

but particularly early adulthood in the case of caries (Peres et al. 2011b; Poulton et al. 2002; 

Thomson et al. 2004) and particularly middle and older adulthood in the case of tooth loss 

(Astrom et al. 2015; Pearce et al. 2009a; Ramsay et al. 2018).  The majority of studies have 

demonstrated that oral health outcomes were best in high socio-economic trajectory 

groups, worst in low trajectory groups and in the middle of these two points for upwardly 

and downwardly mobile groups  (Astrom et al. 2015; Bernabe et al. 2011; Pearce et al. 

2009a; Peres et al. 2011b; Poulton et al. 2002; Schuch et al. 2018; Thomson et al. 2004).  

However, there were conflicting results regarding which of these latter two trajectories was 

most beneficial (Astrom et al. 2015; Bernabe et al. 2011; Pearce et al. 2009a; Peres et al. 

2011b; Poulton et al. 2002; Schuch et al. 2018; Thomson et al. 2004).  These studies 

therefore support the importance of both childhood and adulthood socio-economic 

conditions in determining adulthood oral health outcomes, although they conflict over the 

relative importance of these life course stages.   

Several of the above studies also explicitly tested support for various life course models of 

oral health development (Bernabe et al. 2011; Ramsay et al. 2018).  Bernabe et al.’s (2011) 

study of caries development across all adult ages in Finland found support for a critical 

period model in childhood, an accumulation of risk model across the whole life course and a 

social trajectories model – a special case of the accumulation model whereby there is a 

gradient of outcomes across progressive trajectory groups.  Ramsay et al.’s (2018) study of 
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tooth loss in older British men also found support for various life course models, although 

support for the critical period model in middle age was greatest.   

Although the majority of studies found relationships between life course socio-economic 

trajectories and adulthood oral health outcomes, it is worth noting that such conclusions 

were not unanimous.  According to data from the NTFS study, associations between life 

course social class trajectories and adult tooth loss were only present for women, not for 

men (Pearce et al. 2009a), which was in contrast to Ramsay et al.’s (2018) study.  In addition, 

Ramsay et al.’s (2018) study found little association between any life course model of social 

class and deprivation and periodontal disease outcomes in older British men, which 

contrasted with findings from younger cohorts (Poulton et al. 2002; Thomson et al. 

2004)(Schuch et al. 2018)(Bernabe et al. 2011).  It is postulated that this may have been the 

result of the healthy survivor effect.  Specifically, there would have been an increased 

likelihood of periodontally compromised teeth being lost by the age of 71-92.  In addition, 

participants experiencing the worst socio-economic conditions and periodontal disease may 

have been more likely to die prematurely due to shared risk factors such as smoking 

(Ramsay et al. 2018).   
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Outcomes Key studies (and relationships explored) Key findings 
Caries  Dunedin study: life course social class trajectories and outcomes at 

age 26 (Poulton et al. 2002; Thomson et al. 2004). 
Worse outcomes progressively demonstrated across persistently high, upwardly mobile, 
downwardly mobile and persistently low social class trajectory groups. 

1982 Pelotas Birth Cohort: life course family income trajectories 
and outcomes at age 18 (Peres et al. 2011b). 

Stable high income groups generally had the lowest caries experience, followed by the 
upward, stable low and downwardly mobile groups. 

Finnish Health 2000 Survey: parental and own education 
trajectories and outcomes across adulthood (Bernabe et al. 2011) 

Worse outcomes progressively demonstrated across persistently high, upwardly mobile, 
downwardly mobile and persistently low trajectory groups. 

Periodontal 
disease  

Dunedin study: life course social class trajectories and age 26 
outcomes (Poulton et al. 2002; Thomson et al. 2004). 

A linear increase in periodontal disease was demonstrated across persistently high, 
downwardly mobile, upwardly mobile, and persistently low social class trajectory groups. 

1982 Pelotas Birth Cohort: life course family income trajectories 
and age 31 outcomes (Schuch et al. 2018). 

Outcomes were better in persistent high, then persistent middle, then low and variable life 
course family income trajectory groups. 

Finish Health 2000 Survey: parental and own education trajectories 
and outcomes across adulthood (Bernabe et al. 2011). 

Outcomes progressively worsened across persistently high, upwardly mobile, downwardly 
mobile and persistently low trajectory groups. 

UK BRHS: life course trajectories of social class and deprivation and 
outcomes in men at age 71-92 (Ramsay et al. 2018). 

Little association between any life course model and periodontal disease outcomes at ages 
71-92. 

Tooth loss NTFS Study: social class trajectories age 0 to 50, 25 to 50 and 0 to 
25 and functional dentition age 50 (Pearce et al. 2009a). 

For women, persistently low trajectories always associated with worse outcomes than 
persistently high trajectories.  Inconsistent findings for upward and downward mobility groups 
but frequently worse outcomes than persistently high trajectory groups.  No associations for 
men. 

UK BRHS: life course trajectories of social class and deprivation and 
complete tooth loss/functional dentition in men at age 71-92 
(Ramsay et al. 2018). 

Assessed applicability of sensitive period, accumulation and social trajectory models.  Support 
for various models but greatest support for sensitive period model in middle age.   

Finnish Health 2000 survey: parental and own education 
trajectories and edentulism across adulthood (Bernabe et al. 2011). 

Worse outcomes demonstrated progressively across persistently high, upwardly mobile, 
downwardly mobile and persistently low trajectory groups. 

1942 Swedish Birth Cohort: age 50 to 65 marital status and 
employment trajectories, and tooth retention at ages 65 and 70 
(Astrom et al. 2015). 

Stable low trajectories always associated with worse outcomes than stable high trajectories.  
Upwardly mobile trajectories only occasionally worse outcomes than stable high trajectories.  
Downwardly mobile trajectories usually worse outcomes than stable high trajectories. 

Table 7: Key findings from studies exploring the relationship between life course socio-economic trajectories and oral health outcomes. 
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2.13.2: Determinants of dental caries-broader findings 

Many analyses have used longitudinal oral health studies to explore the determinants of 

caries from a broader perspective than purely life course socio-economic trajectories.  The 

key studies and their findings on this topic are summarised in Table 8. 

The majority of analyses focus on caries outcomes in children and adolescents, with very few 

addressing caries outcomes in adults (Broadbent et al. 2016; Holst and Schuller 2012).  The 

studies in children and adolescents are based mainly on the Pelotas (Goettems et al. 2018; 

Peres et al. 2009; Peres et al. 2005) and Iowa (Broffitt et al. 2013; Chankanka et al. 2011; 

Chankanka et al. 2016; Curtis et al. 2018a; Curtis et al. 2018b; Levy et al. 2003; Wang et al. 

2012) prospective birth cohort studies, although minimal evidence is also available from 

other prospective birth cohorts (the Australian ABC and Scottish GUS cohorts (Jamieson et 

al. 2010b; Skafida and Chambers 2018)) and other types of longitudinal studies (Lu et al. 

2011; Nicolau et al. 2003a).  

As an overview, the studies in children have generally found that factors such as socio-

economic position (Broffitt et al. 2013; Chankanka et al. 2011; Peres et al. 2005; Skafida and 

Chambers 2018), parental factors (such as parental oral health and beliefs) (Alm et al. 2008; 

Broadbent et al. 2016), sugar consumption (Chankanka et al. 2016; Jamieson et al. 2010b; 

Peres et al. 2005; Skafida and Chambers 2018), tooth brushing habits (Broffitt et al. 2013; 

Curtis et al. 2018a; Peres et al. 2009; Skafida and Chambers 2018), plaque control 

(Broadbent et al. 2011), dental attendance (Crocombe et al. 2012; Thomson et al. 2010) and 

fluoride exposure (Levy et al. 2003; Wendt et al. 1994) were associated with caries 

outcomes.  The majority of studies, however, have utilised traditional multivariable 

regression analysis techniques, so the relative contributions of factors is difficult to reliably 

establish.   

Only three studies have utilised causal pathways modelling techniques to explore caries 

outcomes in childhood and adolescents (Curtis et al. 2018a; Goettems et al. 2018; Lu et al. 

2011).  One study, based on data from the Iowa Fluoride Study (Curtis et al. 2018a), used 

SEM techniques to investigate the determinants of caries experience in the permanent 

dentition in adolescence.  This study found that neither socio-economic position at birth, nor 

in adolescence, had a significant overall effect on the outcome.  However, the combined 

effects of adolescent dental attendance and tooth brushing frequency were almost double 
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the effect of sex (with females having worse outcomes than males) and over double the 

effects of adolescent sugar-sweetened beverage intake and adolescent frequency of eating 

events per day.  However, this study did not distinguish the effects of dental attendance 

from those of tooth brushing.  Furthermore, the two additional studies (Goettems et al. 

2018; Lu et al. 2011) provide little information about the relative contributions of 

determinants to caries outcomes, focusing only on pathways of mediation between parental 

factors and children’s caries experiences. 

Regarding the longitudinal studies of caries outcomes in adults, these are very limited 

(Broadbent et al. 2016; Holst and Schuller 2012) (Table 8).  Norwegian birth cohort data have 

demonstrated that childhood OHBs were associated with caries outcomes in adulthood, 

independent of adulthood OHBs and socio-economic position, but did not use causal 

pathways modelling techniques (Holst and Schuller 2012).  Advancing on this study, 

Broadbent and colleagues (2016) used SEM approaches to model the pathways linking life 

course socio-economic position, oral health beliefs, dental attendance and tooth brushing 

behaviours to age 38 caries outcomes.  However, although this study demonstrated a variety 

of direct pathways between variables, it did not calculate indirect or total effects of variables 

on caries outcomes and, hence, provides little further information about the overall 

contributions of determinants. 
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Age group Studies NOT using causal pathways modelling approaches Studies using causal pathways modelling approaches 

Key studies  Key findings  Key studies  Key findings  

Children and 
adolescents 

Numerous studies.  Majority relate 
to Pelotas (Peres et al. 2009; Peres 
et al. 2005) and Iowa (Broffitt et al. 
2013; Chankanka et al. 2011; 
Chankanka et al. 2016; Curtis et al. 
2018b; Levy et al. 2003; Wang et al. 
2012) prospective birth cohorts.  
Minimal evidence from other 
prospective birth cohorts (ABC study 
(Jamieson et al. 2010b) and GUS 
cohort (Skafida and Chambers 
2018)) and other types of 
longitudinal studies (Nicolau et al. 
2003a).  

Childhood and adolescent socio-
economic factors, parental 
factors, sugar consumption, tooth 
brushing habits, plaque control, 
dental attendance and fluoride 
exposure repeatedly associated 
with caries outcomes.   

Limited to two analyses 
relating to the Iowa study 
(Curtis et al. 2018a; Goettems 
et al. 2018) and one 
longitudinal study of Hong 
Kong children as they aged 
between 12 and 18 (Lu et al. 
2011). 

Neither socio-economic position at birth nor in 
adolescence had a significant overall effect on 
caries experience in adolescence.  However, oral 
health behaviours in adolescence (including dental 
attendance, tooth brushing habits and dietary 
habits) and sex all had a significant overall effect 
(Curtis et al. 2018a).   
 
Pathways of influence between parental socio-
economic factors, parental oral health behaviours 
and childrens’ caries experiences are mediated by 
children’s oral health behaviours (Goettems et al. 
2018; Lu et al. 2011).   

Adults Limited studies (Holst and Schuller 
2012).  No prospective birth cohort 
studies. 

Age 10 oral health behaviours, 
adulthood oral health behaviours 
and socio-economic factors 
associated with adulthood caries 
outcomes (Holst and Schuller 
2012).  

Limited to one analysis relating 
to the Dunedin Study 
(Broadbent et al. 2016). 

Adult SES, tooth brushing frequency and dental 
visiting behaviours influenced caries experience at 
age 38.  Childhood SES influenced adult SES and 
adolescent and adult oral health-related beliefs.  
Adolescent and adult oral health-related beliefs, in 
turn, influenced adult tooth brushing frequency 
and dental visiting behaviours.  However, only 
direct effects, not indirect or total effects, 
calculated. 

Table 8: Key findings from longitudinal studies exploring the determinants of caries. 
SES = Socio-economic status 
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2.13.3: Determinants of periodontal disease-broader findings 

Several longitudinal studies have investigated the determinants of periodontal disease from 

a broader perspective than purely socio-economic trajectories.  These primarily include the 

Pelotas (De Castilhos et al. 2012; Nascimento et al. 2017; Peres et al. 2018b) and Dunedin 

(Broadbent et al. 2011; Broadbent et al. 2006; Thomson et al. 2007; Zeng et al. 2014) 

prospective birth cohort studies.  In addition, a few analyses have also been based on other 

types of longitudinal studies, such as the prospective cohort study following children in Hong 

Kong between the ages of twelve and eighteen (Lu et al. 2011) and the retrospective life 

course studies of children and mothers in Brazil (Nicolau et al. 2003b; Nicolau et al. 2007a) 

(Table 9).   

Studies exploring outcomes prior to adulthood have been very limited (Lu et al. 2011; 

Nicolau et al. 2003b; Peres et al. 2018b), but associations have been demonstrated between 

socio-economic factors (Lu et al. 2011; Nicolau et al. 2003b; Peres et al. 2018b), family 

environment (Nicolau et al. 2003b), plaque control (Nicolau et al. 2003b) and gingival health 

outcomes in adolescence.  However, such analyses provide little evidence regarding the 

overall contributions of life course factors to periodontal health outcomes, as they either 

rely solely on traditional multivariable regression analyses (Nicolau et al. 2003b) or, where 

complex causal pathways modelling approaches have been used, focus only on very specific 

relationships (Table 9) (Lu et al. 2011; Peres et al. 2018b).  

Studies in adults have been more extensive and have mainly focused on the contributions of 

smoking (Albandar et al. 2000; Thomson et al. 2007; Zeng et al. 2014), plaque control 

(Broadbent et al. 2011) and obesity (De Castilhos et al. 2012; Nascimento et al. 2017) to 

periodontal health outcomes in early adulthood.  Studies based on the Dunedin cohort 

found that life course smoking and plaque trajectories were of greatest importance in 

determining periodontal health outcomes up to the age of 38 (Thomson et al. 2007; Zeng et 

al. 2014), whilst studies based on the Pelotas birth cohorts also demonstrated a key role of 

obesity in age 31 periodontal outcomes (Nascimento et al. 2017).  However, none of these 

studies utilised causal pathways modelling approaches. 



51 
 

Age group Studies NOT using causal pathways modelling approaches Studies using causal pathways modelling approaches 

Key studies  Key findings  Key studies  Key findings  

Children and 
adolescents 

Limited research, such as a 
retrospective life course study of 
thirteen year old children in Brazil 
(Nicolau et al. 2003b) 

Socio-economic factors, family 
environment and plaque control from 
birth to age 13 associated with 
gingival health outcomes (Nicolau et 
al. 2003b). 

Limited to two analyses, one 
from the 1993 Pelotas Birth 
Cohort Study (Peres et al. 
2018b) and one from a 
longitudinal study of Hong 
Kong children as they aged 
between 12 and 18 (Lu et al. 
2011). 

Peres and colleagues (2018b) explored only 
pathways mediating the effects of 
maternal schooling on gingival health at 
age 13. 
 
Lu and colleagues (2011) explored only the 
pathways mediating the effects of parental 
socio-economic factors on periodontal 
outcomes in adolescence. 

Adults Several studies, particularly based upon 
the Dunedin and Pelotas prospective 
birth cohorts, have examined the 
effects of various determinants across 
the life course on periodontal health 
outcomes in adulthood, particularly 
early adulthood (Albandar et al. 2000; 
Broadbent et al. 2011; Broadbent et al. 
2006; De Castilhos et al. 2012; 
Nascimento et al. 2017; Nicolau et al. 
2007a; Thomson et al. 2007; Zeng et al. 
2014).  

Studies based on the Dunedin cohort 
have demonstrated that life course 
smoking and plaque trajectories were 
of greatest importance in determining 
periodontal health outcomes in 
adulthood (up to the age of 38) 
(Thomson et al. 2007; Zeng et al. 
2014).  Studies based on the Pelotas 
Birth Cohorts have also demonstrated 
a role of obesity of similar importance 
to that of smoking (up to the age of 
31) (Nascimento et al. 2017).  
 

None identified.   

Table 9: Key findings from longitudinal studies exploring the determinants of periodontal outcomes 
SES = Socio-economic status 
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2.13.4: Determinants of tooth loss-broader findings 

A broad range of longitudinal oral health studies have explored the determinants of tooth 

loss from a broader perspective than purely socio-economic trajectories.  Studies include: 

the NTFS (Pearce et al. 2004) and Dunedin (Crocombe et al. 2012; Thomson et al. 2000) 

prospective birth cohorts; several prospective cohort studies starting after birth, such as the 

ELSA (Kang et al. 2019; Rouxel et al. 2015a; Tsakos et al. 2011), Pro-Saúde (Vettore et al. 

2016), Florida Longitudinal Dental Care (Gilbert et al. 2003) and Veterans Affairs Dental 

Longitudinal (Krall et al. 2006) studies; and a small number of retrospective studies, such as 

the SHARE survey (Listl et al. 2018) (Table 10).  Studies have universally focused on tooth loss 

outcomes in adulthood, but outcomes across the whole of adult life have been studied, 

including young adulthood (Crocombe et al. 2012; Thomson et al. 2000), middle age (Astrom 

et al. 2011b; Pearce et al. 2004; Simila and Virtanen 2015) and older age (Gülcan et al. 2015; 

Thorstensson and Johansson 2010).   

The vast majority of analyses have not utilised causal pathways modelling techniques and, 

therefore, provide limited information about the relative contributions of determinant 

factors across the life course on tooth loss, or potential pathways of influence.  However, 

such analyses have demonstrated the independent effects of various predictors on future 

tooth loss, including: socio-economic factors across the whole life course (Astrom et al. 

2011b; Gülcan et al. 2015; Listl et al. 2018; Tsakos et al. 2011); dental visiting in early 

(Crocombe et al. 2012; Thomson et al. 2000; Thomson et al. 2010), as well as later, 

adulthood (Astrom et al. 2011b; Listl et al. 2018); plaque trajectories (Broadbent et al. 2011); 

dental anxiety (Thomson et al. 2000); general health (Listl et al. 2018); and later adulthood 

social capital (Rouxel et al. 2015a) and cognitive function (Kang et al. 2019).  Many studies 

have also focused on the effects of smoking on tooth loss and collectively suggest that 

smoking across all stages of the life course can influence future tooth loss (Albandar et al. 

2000; Arora et al. 2010; Astrom et al. 2011b; Krall et al. 2006; Simila and Virtanen 2015; 

Thorstensson and Johansson 2010; Yanagisawa et al. 2009).  Moreover, studies suggest that 

it is the extent and duration of smoking and the time since cessation, rather than the life 

course stage at which smoking occurs, which particularly influence tooth loss outcomes 

(Albandar et al. 2000; Arora et al. 2010; Krall et al. 2006; Simila and Virtanen 2015; 

Yanagisawa et al. 2009).  As tooth loss is primarily the result of two main diseases – caries 

and periodontal disease (Anand et al. 2010; Hull et al. 1997; Jafarian and Etebarian 2013; 
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McCaul et al. 2001; Murray et al. 1997; Richards et al. 2005) – it is not surprising that many 

of the above determinants overlap those related to caries and periodontal disease (sub-

sections 2.13.2 and 2.13.3). 

With regards to the use of causal pathways modelling approaches to explore determinants 

of tooth loss, studies are scarce (Table 10) (Broadbent et al. 2016; Pearce et al. 2004; 

Vendrame et al. 2018; Vettore et al. 2016).  One analysis of UK NTFS data suggested that the 

overall effects of adult lifestyle factors on tooth loss were around double the combined 

overall effects of birth and childhood factors (Table 10) (Pearce et al. 2004).  However, this 

study did not include information on several potentially key determinants, such as life course 

dental attendance or oral hygiene practices, nor sugar consumption in childhood.  In 

addition, relying on hierarchical regression modelling, this study was unable to unpick the 

separate effects of individual determinants at each life course stage.  Two further studies 

from Brazil used SEM approaches to explore the determinants of tooth loss across adulthood 

(Vendrame et al. 2018; Vettore et al. 2016).  These studies supported a substantial 

contribution of socio-economic position across the whole life course to future tooth loss 

outcomes and suggested that the overall effects of childhood and adulthood socio-economic 

status were similar (Vendrame et al. 2018; Vettore et al. 2016).  Vendrame at al.’s study 

(2018) also demonstrated an equal importance of the role of gender but a minor role of 

adulthood stress and social ties by comparison.  However, both studies lacked information 

on several key potential determinants, particularly dietary and oral hygiene practices 

(Vendrame et al. 2018; Vettore et al. 2016).  Finally, as previously discussed in relation to 

caries outcomes (sub-section 2.13.2), Broadbent et al. (2016) used SEM approaches to 

model the pathways between life course socio-economic factors, oral health behaviours and 

beliefs and tooth retention, but only calculated direct and not indirect or total effects. 
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Age group Studies NOT using causal pathways modelling approaches Studies using causal pathways modelling approaches 

Key studies  Key findings  Key studies  Key findings  

Adults Multiple studies have 
examined the effects of various 
determinants across the life 
course on tooth loss across the 
whole of adulthood.  These 
include the Dunedin birth 
cohort study (Broadbent et al. 
2016; Crocombe et al. 2012; 
Thomson et al. 2000; Thomson 
et al. 2010), non-birth 
prospective cohort studies 
from the UK (Kang et al. 2019; 
Rouxel et al. 2015a; Tsakos et 
al. 2011) and elsewhere 
(Gilbert et al. 2003; Krall et al. 
2006), and a small number of 
retrospective studies (Listl et 
al. 2018).  

Independent effects of a variety of 
predictors on future tooth loss 
have been demonstrated, 
including socio-economic factors 
across the whole life course 
(Astrom et al. 2011b; Gülcan et al. 
2015; Listl et al. 2018; Tsakos et al. 
2011), dental visiting in early 
(Crocombe et al. 2012; Thomson 
et al. 2000; Thomson et al. 2010) 
and later adulthood (Astrom et al. 
2011b; Listl et al. 2018), plaque 
trajectories (Broadbent et al. 
2011), dental anxiety (Thomson et 
al. 2000), general health (Listl et al. 
2018), later adulthood social 
capital (Rouxel et al. 2015a), later 
adulthood cognitive function (Kang 
et al. 2019) and smoking across 
the life course (Albandar et al. 
2000; Arora et al. 2010; Krall et al. 
2006; Simila and Virtanen 2015; 
Yanagisawa et al. 2009). 

Limited to four analyses related to 
the NTFS (Pearce et al. 2004) and 
Dunedin (Broadbent et al. 2016) 
prospective birth cohorts, the 
Brazilian Pro-Saude thirteen year 
prospective cohort study (Vettore 
et al. 2016) and a retrospective 
study of adults in Southern Brazil 
(Vendrame et al. 2018).   

The overall effects of adult lifestyle factors (including 
smoking, alcohol consumption, sugar consumption 
and social class) on age 50 tooth loss were around 
double the combined effects of birth and childhood 
factors (including socio-economic conditions, birth 
weight and breastfeeding practices) according to 
hierarchical regression modelling (Pearce et al. 2004).   
 
The total effect of baseline SES on tooth loss thirteen 
years later (in adults of all ages) was more than five 
times that of the total effect of current smoking.  By 
comparison, the effects of baseline stress and social 
ties were very minor.  No significant effects were 
associated with the frequency of dental visiting and 
having health insurance at baseline (Vettore et al. 
2016).   
 
The overall effects of childhood and adulthood SES 
and gender on adult tooth loss were similar, but the 
effects of current smoking and current chronic 
disease experience were not significant (Vendrame et 
al. 2018). 
 
Pathways modelled between life course socio-
economic factors, oral health beliefs and oral health 
practices and age 38 tooth loss.  However, no indirect 
or total effects calculated (Broadbent et al. 2016). 

Table 10: Key findings from longitudinal studies exploring the determinants of tooth loss. 
SES = Socio-economic status 
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2.13.5: Applicability of findings to UK population 

Whilst reviewing the global evidence from longitudinal studies regarding the life course 

determinants of oral health, it is important to consider how applicable this body of research 

is to the UK population, the focus of the present research study.  As discussed, only a very 

small number of longitudinal studies with oral health data exist within the UK (Tables 4 and 

5), whilst the majority originate from elsewhere. 

Even within the UK studies, there are issues of representativeness.  For example, the NTFS 

and ALSPAC cohorts are comprised of individuals born in Newcastle upon Tyne (Pearce et al. 

2009b) and Bristol (Dudding et al. 2018), respectively, whilst the GUS (Skafida and Chambers 

2018) and ELSA cohorts (Steptoe et al. 2013) are representative of Scotland and England 

respectively.  The demographics and characteristics of these different areas differ in some 

respects.  For example, compared to England overall, the socio-economic environment is 

generally similar, if not slightly better, in South-West England (where Bristol resides) (PHE 

2020c), generally poorer in North-East England (the region including Newcastle upon Tyne) 

(PHE 2020c) and reasonably similar, in general, in Scotland (Abel et al. 2016).  Furthermore, 

only around 10% of the UK’s population receives optimally fluoridated water, including 

Newcastle upon Tyne and limited other areas of England, but not Bristol (O'Hora and 

Wilkinson 2006).  There are also many differences in NHS dental care between England and 

Scotland.  For example, a new system of NHS dental charges introduced in England in 2006 

has resulted in many differences in patient charges, not least that dental check-ups are free 

on the NHS in Scotland but cost £23.80 currently in England (NHS.UK 2020b; Scottish Dental 

2021).   

Furthermore, other specific characteristics of the UK studies, beyond their location, may also 

limit the generalisability of their findings.  For example, the UK BRHS includes only male and 

not female participants (Lennon et al. 2015), which is a concern given evidence of gender 

differences in oral disease susceptibility and experience (Russell et al. 2013). 

Outside of the UK, the majority of evidence from longitudinal studies, regarding the life 

course determinants of oral health, originates from the Dunedin, Pelotas and Iowa birth 

cohorts, and the non-birth Florida Longitudinal Dental prospective cohorts (see sub-section 

2.11.4).  The Dunedin, Iowa and Florida cohorts may be considered not dissimilar to UK 

cohorts in many ways, in that they originate from regions of developed countries with 



56 
 

reasonably comparable socio-economic profiles to the UK (OECD 2021).  That said, unlike in 

the UK, water fluoridation has been widespread in Dunedin and the whole of New Zealand 

for several decades (Moore et al. 2017; Peres et al. 2011c), as it has been in the states of 

Iowa and Florida and the rest of the USA (Allukian et al. 2018; Florida Health 2020; Maurer 

2005).  Furthermore, there are notable differences in oral health care systems in these 

countries.  In the UK, the entire adult population is entitled to publically subsidised oral 

health care (NHS.UK 2020b), whereas in New Zealand and the USA the majority of adults 

have to pay for their dental care on a completely private basis (HHS.Gov 2017; New Zealand 

Government 2020).  In the USA, many children also have to pay for dental treatment 

(HHS.Gov 2017), unlike in the UK and New Zealand (New Zealand Government 2020; NHS.UK 

2020b).  Furthermore, in New Zealand, a universal and free school-based dental service 

exists, which results in the vast majority of children and adolescents receiving regular dental 

care up to the age of 15 (Thomson et al. 2010), which is above and beyond what is achieved 

in the UK (Tsakos et al. 2015).   

Regarding the Pelotas studies, the differences between these cohorts and UK populations 

may be even greater.  Brazil is still considered a developing nation whose socio-economic 

environment, health resources and health outcomes are significantly lower than those of the 

UK (OECD 2021).  In terms of oral health care, this has supposedly been available free of 

charge to all throughout most of the lives of the Pelotas cohorts (a unified health system was 

introduced in 1988) (Nascimento et al. 2013), but, in reality, evidence suggests inequalities 

in access to care are persistent across Brazil (Nascimento et al. 2013).  Furthermore, Pelotas 

has received fluoridated water since 1961 (Peres et al. 2011c). 

Beyond the above cohorts, the evidence regarding the life course determinants of oral 

health originating from other cohorts is more modest, and issues of applicability to the UK 

are variable.  Evidence from the ABC (Jamieson et al. 2010b; 2010c) and SMILE (Ha and Do 

2018) Australian cohorts is important, given these cohorts are prospective birth cohorts.  In 

general, Australia is relatively comparable to the UK, in terms of socio-economic conditions 

(OECD 2021).  However, funding for dental care is very different, with most adults and even 

children having to pay for dental care on a private basis (Healthdirect 2020).  In addition, 

unlike in the UK, water fluoridation across the whole of Australia is widespread (SA Health 

2020).  Furthermore, the ABC study is based upon babies born to Aboriginal mothers, in 

whose communities socio-economic conditions are very poor, access to dental care is limited 
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and sugar consumption, smoking and alcohol rates are particularly high (Jamieson et al. 

2010a).   

Many other relevant studies are based in Nordic countries (Tables 5 & 6), including Sweden 

(Alm et al. 2008; Astrom et al. 2011b), Finland (Bernabe et al. 2011) and Norway (Holst and 

Schuller 2012).  In terms of similarities to the UK, oral healthcare is free for children in these 

countries (Niiranen et al. 2008; Palvarinne et al. 2018; Widstrom et al. 2005) and artificial 

water fluoridation has remained minimal (Mullen 2005; Wang et al. 1997).  However, socio-

economic conditions are generally better in these countries than those in the UK (Grunfelder 

et al. 2018; OECD 2021).  Furthermore, adult care has been subsidised for many years in 

Sweden and Finland (Niiranen et al. 2008; Palvarinne et al. 2018; Widström et al. 2019), as in 

the UK (NHS.UK 2017), but levels of subsidisation and oral health outcomes are much better 

in Sweden (Saekel 2018; Sinclair et al. 2019).  In contrast, most adults pay privately for oral 

healthcare in Norway (Widstrom et al. 2005). 

Finally, for the entirety of the longitudinal oral health studies in existence (Tables 3, 4, 5 & 

6), it is important to consider how applicable findings are to other generations, both older 

and younger, than those included within each study.  For example, the oldest prospective 

birth cohort study with dental data – the NTFS – follows a 1947 birth cohort (Pearce et al. 

2009b), whilst the most recent – the SMILE study – follows a cohort from 2013/14 (Do et al. 

2014).  As economic, cultural, social, and healthcare environments will vary across time, 

period variations will exist in the determinants of oral health.  

2.14: A qualitative approach 

Over recent decades, it has become accepted that qualitative research methods are 

paramount to understanding many issues within the field of oral health, including the 

determinants of oral health (Bower and Scambler 2007; Newton 2001; Newton and Bower 

2005).  Qualitative research provides a deeper understanding of social processes, using the 

accounts and explanations of those involved, and answers the ‘how’ and ‘why’ of a 

phenomenon, which often cannot be explained by quantitative research methods alone 

(Barbour 2014b; Green and Thorogood 2018; Pope and Mays 2006).  In relation to the 

determinants of oral health, qualitative research can explain topics such as why individuals 

perform certain OHBs or the barriers or motivating factors behind the engagement of 
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individuals with dental professionals.  Given its importance, this section will review the 

contribution of qualitative research to our understanding of the determinants of oral health.  

Focusing firstly on research originating from the UK, a modest amount of such evidence 

exists (Amos and Bostock 2008; Borreani et al. 2010; Chadwick et al. 2018; Daly et al. 2010; 

Davies et al. 2017; Delaney et al. 2018; Gibson et al. 2019; Gill et al. 2011; Gregory et al. 

2007; Hall-Scullin et al. 2015; Hill et al. 2003; Kerr et al. 2006; Kettle et al. 2019; Kwan and 

Holmes 1999; Lin et al. 2017; Marshman et al. 2016; Muirhead et al. 2017; Newton et al. 

2001; Rawahi et al. 2018; Scambler et al. 2010; Stokes et al. 2006; Tombor et al. 2017; Uppal 

et al. 2013).  Studies have mainly focused on children and adolescents (Amos and Bostock 

2008; Daly et al. 2010; Gill et al. 2011; Hall-Scullin et al. 2015; Marshman et al. 2016; Stokes 

et al. 2006), elderly populations (Bloom et al. 2017; Borreani et al. 2010; Kerr et al. 2006; 

Whitelock and Ensaff 2018) or small minority groups, such as foster children, cleft patients 

or minority ethnic groups (Chadwick et al. 2018; Davies et al. 2017; Kwan and Holmes 1999; 

Lin et al. 2017; Muirhead et al. 2017; Newton et al. 2001; Scambler et al. 2010).  However, 

some studies have also focused on mainstream adult populations (Gregory et al. 2007; Hill et 

al. 2003; Rawahi et al. 2018; Tombor et al. 2017; Uppal et al. 2013).  One project has also 

utilised a life course approach to explore older people’s views about the development of 

their oral health (Gibson et al. 2019; Kettle et al. 2019).  In terms of the topics studied, many 

studies have focused on the determinants of specific OHBs, such as tooth brushing (Gill et al. 

2011; Lin et al. 2017; Marshman et al. 2016), dental attendance (Borreani et al. 2010; 

Gregory et al. 2007; Hill et al. 2003; Newton et al. 2001), smoking (Amos and Bostock 2008; 

Kerr et al. 2006; Tombor et al. 2017; Uppal et al. 2013) and sugar consumption (Rawahi et al. 

2018), although several studies have also focused on the determinants of oral health more 

generally (Daly et al. 2010; Davies et al. 2017; Hall-Scullin et al. 2015; Kwan and Holmes 

1999; Muirhead et al. 2017; Stokes et al. 2006).  

In relation to the findings of such studies, those focusing on mainstream groups of children 

and adolescents have suggested influences of oral health and OHBs are very diverse.  

Parental influences and the importance of routines and habits have been frequently 

identified as key determinants of behaviours (Gill et al. 2011; Hall-Scullin et al. 2015; 

Marshman et al. 2016; Stokes et al. 2006).  In addition, influences such as grandparents, 

peers, social settings (e.g. schools and shopping environments), children’s personal 

preferences and behavioural issues have also repeatedly emerged (Amos and Bostock 2008; 
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Gill et al. 2011; Hall-Scullin et al. 2015; Marshman et al. 2016; Stokes et al. 2006).  Perhaps 

expectedly, variations in predominant influences have been evident depending upon the 

behaviour in question and the life course stage.  For example, peer influences have 

reportedly been particularly critical during adolescence, especially for behaviours with a 

social element, such as smoking and dietary practices (Amos and Bostock 2008; Stead et al. 

2011).  Children and adolescents have reportedly demonstrated a mixed understanding of 

the aetiology and prevention of oral disease (Gill et al. 2011; Hall-Scullin et al. 2015; Stokes 

et al. 2006) and some recognition of the importance of oral health (Gill et al. 2011; Hall-

Scullin et al. 2015), especially in relation to appearance in adolescence (Stokes et al. 2006).  

However, the influence of such knowledge and beliefs on behaviours has often been limited 

(Gill et al. 2011; Hall-Scullin et al. 2015; Stokes et al. 2006).   

In relation to studies in mainstream adult and elderly populations, emerging determinants 

have been similarly diverse.  The lasting effects of earlier life factors have frequently been 

identified alongside many contemporary influences, such as spousal and peer relationships, 

social and consumer environments, influences of healthcare professionals, beliefs and 

knowledge about health, dental anxiety and cost (Borreani et al. 2010; Gregory et al. 2007; 

Hill et al. 2003; Kerr et al. 2006; Rawahi et al. 2018; Tombor et al. 2017; Uppal et al. 2013).  

Again, influences have varied depending upon the outcome in question and the life course 

stage.  For example, studies exploring smoking influences have identified different 

determinants (e.g. social relationships, general health concerns and enjoyment) (Tombor et 

al. 2017; Uppal et al. 2013) from those focusing upon dental attendance behaviours (e.g. 

satisfaction with dentists, the importance of oral health, access to services and dental 

anxiety) (Borreani et al. 2010; Gregory et al. 2007; Hill et al. 2003).  Several influences have 

also been particularly associated with older age, such as reduced physical and psychological 

capabilities, bereavement and social isolation (Bloom et al. 2017; Whitelock and Ensaff 

2018). 

Research focusing particularly on small minority groups has also identified similar 

determinant factors to a certain extent to the above studies involving mainstream groups 

(Davies et al. 2017; Kwan and Holmes 1999; Muirhead et al. 2017; Newton et al. 2001; 

Scambler et al. 2010).  However, additional influencing factors pertaining to specific groups 

have also been identified, such as language and communication difficulties acting as barriers 

to dental care in ethnic groups (Kwan and Holmes 1999; Newton et al. 2001) and anatomical 
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factors and post-surgical pain acting as barriers to tooth brushing in children born with a 

cleft lip and/or palate (Lin et al. 2017).    

As mentioned, only one qualitative study has explicitly used a life course approach to 

explore the development of oral health in a UK population (Gibson et al. 2019).  This study 

involved interviews with adults aged 65 to 91 from Sheffield and Edinburgh (n=43) and the 

use of grounded theory to explore emergent views.  One topic identified related to the life 

course determinants of oral health (Gibson et al. 2019; Kettle et al. 2019), although the 

comprehensive findings on this topic area have not yet been published in full (Gibson et al. 

2019).  Nevertheless, evidence presented to date has revealed how individuals viewed their 

oral health as a ‘life course project’, and the degree to which they could participate was 

influenced by both individual and social factors (Gibson et al. 2019).  The ‘social world of 

dentistry’ was reportedly crucial, whereby parents, family, friends, dental care 

environments, schools and consumer environments contributed to people’s OHBs and oral 

health outcomes (Gibson et al. 2019).  For example, parents reportedly influenced dental 

attendance and treatment decisions, especially in childhood, but also as individuals aged 

(Kettle et al. 2019), whilst schools determined access to dentists, dental education and tooth 

brushing programmes (Gibson et al. 2019).  Access to consumer products, such as 

toothpastes and mouthwashes, was determined by their availability within society but also 

within families (Gibson et al. 2019).   

In addition to the importance of accessing this ‘social world of dentistry’, the importance of 

other factors, such as valuing oral health, experiences of having work done and experiences 

of oral health outcomes, were also identified.  Gibson and colleagues (2019) reported that 

engaging in oral care was dependent upon valuing oral health, that past experiences of 

dental work shaped expectations and decisions around future work and dental attendance, 

and that oral care efforts were driven by a sense of satisfaction and achievement resulting 

from retaining teeth into later life.   

Published findings from this project so far discuss to some extent how determinants of oral 

health reportedly changed across the life course (Gibson et al. 2019; Kettle et al. 2019).  For 

example, dominant influencers in childhood focused around parents, families and schools 

(Gibson et al. 2019; Kettle et al. 2019).  As individuals aged into their teenage years, the 

importance of peers was recognised (Gibson et al. 2019).  Subsequently, as they aged into 

adulthood, the influence of individuals’ own children and then grandchildren emerged 
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(Kettle et al. 2019), alongside the influence of individuals’ own values and past experiences 

(Gibson et al. 2019).  The improved availability of consumer dental products, improved 

access to dental services and more pleasant experiences of dental visits over the years was 

also identified (Gibson et al. 2019). 

In addition to studies involving UK populations, a modest amount of qualitative research has 

also explored the determinants of oral health in countries outside of the UK.  Like the 

former, studies have focused on a range of population groups, including children and 

adolescents (Amin and Harrison 2009; Battram et al. 2016; De Oliveira et al. 2006; 

Drummond and Drummond 2012; Duijster et al. 2015; Fägerstad et al. 2019; Fitzgerald et al. 

2004; Naidu et al. 2012; Ostberg et al. 2002; Panday et al. 2003), the elderly (Brondani et al. 

2007; Derblom et al. 2017; Gregory et al. 2012; MacEntee et al. 2019; Sussex et al. 2010), 

specific minority groups (Castaneda et al. 2010; Fitzgerald et al. 2015; Graham et al. 2013; 

Mago et al. 2018; Van Hout and Hearne 2014; Zhang 2008) and the general adult population 

(Block et al. 2013; Chatrchaiwiwatana et al. 2012; Jensen et al. 2011; Pourtau et al. 2019; 

Syrjala et al. 2001).  Again, like in the UK, some studies have focused upon the determinants 

of specific OHBs, including oral hygiene (Ghaffari et al. 2018; Jensen et al. 2011), dental 

attendance (De Oliveira et al. 2006; Derblom et al. 2017; Mago et al. 2018; Zhang), smoking 

(Fish et al. 2020; Panday et al. 2003; Pourtau et al. 2019) and sugar consumption behaviours 

(Battram et al. 2016; Block et al. 2013; Graham et al. 2013), whilst others have focused on 

the determinants of oral health more generally (Chatrchaiwiwatana et al. 2012; Duijster et 

al. 2015; Ostberg et al. 2002; Syrjala et al. 2001; Van Hout and Hearne 2014).  A very small 

number of studies have also utilised a life course approach to explore determinants relevant 

to oral health, although the focus of these studies has been very specific (Delaney and 

McCarthy 2011; MacEntee et al. 2019; Thomeer et al. 2019).  Macentee and colleagues 

(2019) explored lifelong influences of older adults’ dental experiences and beliefs in China 

and Hong Kong; Thomeer and colleagues (2019) investigated the effects of social 

connections on smoking across the life course in the USA; whilst Delaney and McCarthy 

(2011) focused on food choice in the South West of Ireland. 

Broadly speaking, the findings of much of the above research reflects those from UK studies.  

For example, a study of Swedish adolescents and adults focusing on influences of fluoride 

and tooth brushing behaviours identified the following as key determinants of such 

behaviours: levels of oral health knowledge, the importance of oral health, childhood habits 
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founded by parents, social expectations and aesthetics, cost and influences from dental 

professionals (Jensen et al. 2011).  In another example, a study of older people in New 

Zealand found the following factors to be key determinants of dental attendance 

behaviours: trust in the dental profession, mobility and access to services, cost of dental 

services and dental anxiety (Gregory et al. 2012).   

However, as discussed in relation to quantitative research (sub-section 2.13.5), there are 

limitations regarding the applicability of non-UK studies to UK populations, due to inevitable 

differences in economic, cultural, social, family and oral health care environments (Sinclair et 

al. 2019; Smith et al. 2013).  For example, Macentee et al.’s (2019) life course study in China 

and Hong Kong reported that changing oral health experiences and beliefs over the life 

course were associated with many population-specific factors, such as health promotion 

activities, access to services, traditional health beliefs and the Cultural Revolution. 

2.15: Summary of evidence and knowledge gaps 

It is indisputable that poor oral health is a significant problem in the UK (as well as globally), 

due to the high prevalence of oral diseases and conditions (Kassebaum et al. 2017; White et 

al. 2011) and the substantial impact these can have at an individual and societal level (NHS 

England 2014; Nuttall et al. 2011b).  Subsequently, it is clear that a thorough understanding 

of the development of poor oral health in the UK is of paramount importance if the causes 

and pathways to poor oral health are to be effectively addressed and oral health outcomes 

improved.  Hence, the main aim of this literature review was to explore the current extent of 

knowledge regarding the determinants of poor oral health, particularly in relation to the UK. 

This review demonstrated that extensive evidence to date has focussed on the causes of 

poor oral health and has shown that a wide array of factors contribute to oral health 

outcomes, including biological, behavioural, environmental, psychological and social factors.  

Such factors include, but are not limited to, genetics (Loos and Chin 2017), systemic diseases 

(Mathews et al. 2008; Nascimento et al. 2018), dietary factors (Moynihan and Kelly 2014; 

Salas et al. 2015), oral hygiene behaviours (Broadbent et al. 2011), smoking habits 

(Warnakulasuriya et al. 2010), fluoride exposure (Marinho et al. 2003b; Rugg-Gunn and Do 

2012), oral health knowledge and attitudes (Asimakopoulou and Newton 2015), 

psychological conditions (Kisely et al. 2015; Kisely et al. 2016), socio-economic factors (Dye 

et al. 2012; Steele et al. 2014), social networks (Castilho et al. 2013; Rouxel et al. 2015b), 
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culture (Butani et al. 2008), health care systems (Garbin Neumann and Quinonez 2014) and 

public health systems (Rugg-Gunn and Do 2012).  It is also clear that key determinants vary 

between different oral health outcomes, such as caries, periodontal disease and non-carious 

tooth surface loss (Genco and Borgnakke 2013; Selwitz et al. 2007; Yule and Barclay 2015). 

As well as evidencing the broad influences of oral health, this review also identifies that 

contemporary thinking supports the applicability of a life course approach to the 

development of oral health and disease, as oral diseases are frequently chronic and 

cumulative in nature and can be influenced by factors occurring in the pre-natal period, at 

birth, during childhood and across adulthood into later life (Crall and Forrest 2018; Heilmann 

et al. 2015; Nicolau et al. 2007b; Watt et al. 2015).  Despite recognition of the 

appropriateness of such an approach, such research in the field of oral health is still far from 

extensive, although the number of studies in this area is steadily increasing (Heilmann et al. 

2015).  This is primarily due to a lack of appropriate studies of a longitudinal nature, which 

are required for the application of a life course approach, such as the prospective birth 

cohort study or, secondarily, prospective cohort studies starting after birth and retrospective 

cohort studies (Halfon et al. 2018).  This literature review found that the number of such 

studies including oral health outcomes is reasonably limited, especially those of a 

prospective nature (Tables 3,4,5 & 6), most likely due to the challenges and resource 

intensiveness associated with conducting longitudinal studies (Halfon et al. 2018).   

Furthermore, this review demonstrates that the majority of longitudinal studies with dental 

data originate from outside of the UK, particularly New Zealand (Poulton et al. 2015), Brazil 

(Faerstein et al. 2005; Peres et al. 2017; Peres et al. 2011a; Peres et al. 2010), Australia (Do 

et al. 2014; Jamieson et al. 2010b; Johnson et al. 2017), the USA (Kapur et al. 1972; Levy et 

al. 2003; University of Florida Health 2020) and Nordic countries (Astrom et al. 2015; 

Bernabe et al. 2011; Holst and Schuller 2012), and there are issues with generalising the 

results of these studies to the UK population.  In terms of prospective birth cohorts with 

dental data, only sixteen currently exist worldwide (Tables 3 and 4), and only five of these 

are from the UK – the NTFS, NCDS, ALSPAC, GUS and Millennium Cohort studies (Table 4).  

Furthermore, the number of published analyses relating to these UK prospective birth 

cohorts are quite limited (Delgado-Angulo and Bernabe 2015a; 2015b; Kay et al. 2010; 

Mason et al. 2006; Pearce et al. 2004; Pearce et al. 2009a).  Two prospective cohort studies 

starting after birth have also originated from the UK – the BRHS (Lennon et al. 2015) and 
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ELSA (Steptoe et al. 2013) studies – which have followed individuals from mid adulthood and 

over – but all other key prospective cohort studies starting after birth and retrospective 

studies have originated from outside of the UK (Tables 5 & 6). 

This literature review also recognises that causal pathways modelling techniques must be 

applied to the analysis of longitudinal data, if indirect effects (as well as direct effects) of 

distal determinants earlier in the life course are to be recognised (Bub and Ferretti 2014; 

Burton-Jeangros et al. 2016; Halfon et al. 2018).  Unfortunately, this review found that most 

of the above longitudinal studies have relied upon traditional multivariate regression to 

investigate the determinants of oral health (Alm et al. 2008; Bernabe et al. 2011; Broffitt et 

al. 2013; Correa et al. 2010; Jamieson et al. 2010b; Listl et al. 2018; Thomson et al. 2000).   

In summary, many of these studies have focused on the relationships between life course 

socio-economic trajectories and oral health outcomes (Astrom et al. 2015; Bernabe et al. 

2011; Pearce et al. 2009a; Peres et al. 2011b; Poulton et al. 2002; Ramsay et al. 2018; Schuch 

et al. 2018; Thomson et al. 2004) and have demonstrated the importance of socio-economic 

conditions across the whole life course.  However, these studies have conflicted regarding 

the relative importance of early life compared to later life conditions (Astrom et al. 2015; 

Bernabe et al. 2011; Pearce et al. 2009a; Poulton et al. 2002; Thomson et al. 2004).  In 

addition, many studies have demonstrated the importance of a multitude of other 

determinants across the life course in the development of various oral health outcomes, 

such as (but not limited to) the contribution of sugar consumption (Chankanka et al. 2016; 

Skafida and Chambers 2018), tooth brushing habits (Broffitt et al. 2013; Peres et al. 2009) 

and dental attendance (Crocombe et al. 2012; Thomson et al. 2010) to caries outcomes; the 

contribution of smoking (Albandar et al. 2000; Thomson et al. 2007), plaque control 

(Broadbent et al. 2011) and obesity (De Castilhos et al. 2012; Nascimento et al. 2017) to 

periodontal outcomes; and the contribution of smoking (Krall et al. 2006; Yanagisawa et al. 

2009), plaque trajectories (Broadbent et al. 2011) and dental visiting (Crocombe et al. 2012; 

Thomson et al. 2010) to tooth loss outcomes.  However, as said, these studies do not take 

into account indirect causal pathways and, hence, often significantly underestimate the 

contributions of more distal determinants (Weitkunat and Wildner 2002).   
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In contrast, only a very small number of analyses have applied causal pathways modelling 

techniques, such as hierarchical regression modelling (Mason et al. 2006; Pearce et al. 2004), 

path analyses (Goettems et al. 2018; Lu et al. 2011; Peres et al. 2018b) and SEM techniques 

(Bernabe et al. 2012; Broadbent et al. 2016; Curtis et al. 2018a; Vendrame et al. 2018; 

Vettore et al. 2016), to longitudinal oral health studies.  These studies relate to: the Dunedin 

(Broadbent et al. 2016), Pelotas (Goettems et al. 2018; Peres et al. 2018b), Iowa (Curtis et al. 

2018a) and NTFS (Mason et al. 2006; Pearce et al. 2004) prospective birth cohorts; two 

prospective longitudinal studies starting after birth from Brazil (Vettore et al. 2016) and 

Hong Kong (Lu et al. 2011); and two retrospective life course studies from Finland (Bernabe 

et al. 2012) and Brazil (Vendrame et al. 2018).   

In particular, key findings originating from these studies include an analysis of the 

determinants of caries outcomes in adolescence, based on the Iowa prospective birth cohort 

(Curtis et al. 2018a).  This study found that the combined effects of adolescent dental 

attendance and tooth brushing frequency on adolescent caries experience were almost 

double the effect of sex and over double the effects of certain adolescent sugar 

consumption measures, but that neither socio-economic position at birth nor in adolescence 

had a significant effect.  However, this study did not distinguish the effects of dental 

attendance from those of tooth brushing and may not be completely generalisable to the UK 

due to inter-country differences, particularly in domains such as oral health care (HHS.Gov 

2017; NHS.UK 2020b) and water fluoridation (Maurer 2005; O'Hora and Wilkinson 2006).  

Furthermore, three key studies provided evidence regarding the relative contributions of life 

course determinants to adult tooth loss (Pearce et al. 2004; Vendrame et al. 2018; Vettore et 

al. 2016).  The UK NTFS found that the overall effects of factors occurring in adulthood were 

around double the combined effects of birth and childhood factors (Pearce et al. 2004), but 

could not elucidate the effects of individual determinants due to its reliance only on 

hierarchical regression modelling.  Two studies in Brazil also demonstrated similar overall 

effects of childhood and adulthood socio-economic status on future tooth loss outcomes 

(Vendrame et al. 2018; Vettore et al. 2016), similar effects of gender (Vendrame et al. 2018), 

only minor effects of adulthood stress and social ties and no effects of dental attendance 

(Vettore et al. 2016).  However, there was a lack of inclusion of many key variables in all of 

the above three studies, whilst the generalisability of the latter two studies (Vendrame et al. 

2018; Vettore et al. 2016) to the UK is questionable.  In summary, it is clear that the findings 
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of these studies using causal pathways modelling approaches have been quite limited and 

that there is a need for further such studies.   

Finally, the last section of this literature review was devoted to the qualitative evidence 

investigating the determinants of oral health.  It is now accepted that qualitative research is 

paramount in aiding our understanding of the determinants of oral health (Bower and 

Scambler 2007; Newton and Bower 2005), and, in recent years, a reasonable body of such 

evidence has started to accumulate globally (Borreani et al. 2010; Brondani et al. 2007; 

Castaneda et al. 2010; Daly et al. 2010; Duijster et al. 2015; Fitzgerald et al. 2015; Gibson et 

al. 2019; Gregory et al. 2007; Gregory et al. 2012; Hall-Scullin et al. 2015; Hill et al. 2003; 

Jensen et al. 2011; Kettle et al. 2019; MacEntee et al. 2019; Naidu et al. 2012; Stokes et al. 

2006; Syrjala et al. 2001).  In summary, studies from the UK have found that factors such as 

parents, families, peers, schools, other social environments, and children’s personal 

preferences and behavioural issues are dominant influences in childhood and adolescence 

(Amos and Bostock 2008; Gibson et al. 2019; Gill et al. 2011; Hall-Scullin et al. 2015; Kettle et 

al. 2019; Marshman et al. 2016; Stokes et al. 2006), and that past experiences, spouses, 

social and consumer environments, beliefs and knowledge about health, dental anxiety, 

cost, access to services and influences of dental professionals are key in adulthood (Borreani 

et al. 2010; Gibson et al. 2019; Gregory et al. 2007; Hill et al. 2003; Kerr et al. 2006; Kettle et 

al. 2019; Rawahi et al. 2018; Tombor et al. 2017; Uppal et al. 2013).  However, the extent of 

research originating from the UK is still reasonably modest, and there are issues with 

generalising findings from elsewhere to UK populations.   

Furthermore, although such qualitative studies collectively have focused on various stages of 

the life course, only one qualitative study has holistically utilised a life course approach to 

explore the determinants of oral health in the UK (Gibson et al. 2019).  A small number of 

studies from elsewhere have also used such a life course approach (Delaney and McCarthy 

2011; MacEntee et al. 2019; Thomeer et al. 2019).  However, the breadth of these studies is 

limited.  In some cases, cultural differences also substantially diminish their applicability to 

UK populations (MacEntee et al. 2019).  Additionally, of note, several of these life course 

studies were published after the completion of this PhD research (Gibson et al. 2019; 

MacEntee et al. 2019; Thomeer et al. 2019). 

To conclude, this literature review has explored the current extent of knowledge regarding 

the determinants of poor oral health, particularly in relation to the UK.  It has identified a 
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substantial body of evidence in this field but reveals two major gaps in the evidence relating 

to the UK.  Firstly, there is a lack of quantitative evidence (limited to only two studies (Mason 

et al. 2006; Pearce et al. 2004)) which has used both a life course approach and causal 

pathways modelling techniques to explore the determinants of oral health.  Secondly, there 

is a lack of qualitative evidence which has used a life course approach to explore the 

development of oral health – only one UK study has attempted this, but its focus was much 

broader than this topic alone (Gibson et al. 2019).  In light of the accepted importance of the 

above two approaches in understanding the life course determinants of oral health, 

addressing these two major evidence gaps is critical.   

2.16: Research aims and objectives  

Based on the research gaps identified in the preceding literature review, the aim of this PhD 

research was as follows: 

• Aim: To investigate the life course determinants of oral health in the UK. 

 

This was achieved via two specific objectives: 

• Objective 1: To explore the factors across the life course which influence how and 

why individuals look after their oral health. 

• Objective 2: To quantitatively model the contributions of determinant factors across 

the life course to individuals’ oral health.  
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Chapter 3: Methodology and Methods 

This chapter presents the methodology and methods used in this research project.  It aims to 

present both a detailed description of the methods employed and also a discussion of the 

rationale and justification for these methods (the methodology).  Sections 3.1 to 3.5 

introduce the two studies comprising this research project – one qualitative and one 

quantitative – and address topics of relevance to both studies, such as the Newcastle 

Thousand Families Study (NTFS) (which provides the setting for this research) (Pearce et al. 

2009b), mixed-methods research approaches, the philosophical underpinnings of this 

research and ethical approval.  Section 3.6 then addresses topics specifically relating to the 

qualitative study, and Section 3.7 topics relating to the quantitative study.  

3.1: Overview of research phases 

This PhD research was a mixed-methods study based around the existing NTFS, a 1947 birth 

cohort from Newcastle upon Tyne (Pearce et al. 2009b). This research comprised two 

separate but related studies, addressed by three distinct research phases: 

 

Qualitative study: A qualitative study of the factors which influenced how and why NTFS 

participants cared for their oral health over their lifetimes.  This was achieved by: 

• Phase 1:  In-depth interviews with a sub-sample of NTFS participants  

Quantitative study: A quantitative study of the life course determinants of oral health in the 

NTFS.  This was achieved by: 

• Phase 2: Devising and distributing a questionnaire to NTFS participants, to collect 

additional information about potential life course determinants of oral health not 

measured in the original study. 

• Phase 3: Conducting a path analysis using existing life course data from the NTFS 

cohort, plus data from Phase 2, to model the life course determinants of tooth 

retention at age 63. 

These two studies together address the aim of this research ‘to investigate the life course 

determinants of oral health in the UK’ (Section 2.16).  The qualitative study directly 

addresses the first objective of this research ‘to explore the factors across the life course 

which influence how and why people look after their oral health’.  The quantitative study 
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addresses the second objective ‘to quantitatively model the contributions of determinant 

factors across the life course to individuals’ oral health’ (Section 2.16).  

To clarify my personal contribution to this research, Phase 1 involved primary data collection 

via interviews with NTFS participants and data analysis.  I conducted all of the interviews 

myself and was responsible for data analysis, with some support provided by my supervisors, 

as described in Section 3.6.  Transcription support was also provided by a senior research 

administrator in the NTFS team (Katharine Kirton).  Phase 2 also involved primary data 

collection via a questionnaire to NTFS participants.  I was responsible for the design, testing 

and refinement of the questionnaire, although I received administrative support from 

Katharine Kirton in distributing the questionnaire and electronically inputting the received 

responses.  Phase 3 involved secondary data analysis of existing NTFS data and the data 

collected in the Phase 2 questionnaire.  My role included data preparation of the existing 

NTFS data and the new data collected in Phase 2, plus the conduction of a complex statistical 

life course path analysis.  Statistical advice was received from Dr Kay Mann (a Research 

Associate in Epidemiology and Statistics in the NTFS study team), specifically regarding the 

use of the STATA software and path analysis techniques, but all statistical analyses were 

thoroughly researched, understood and conducted by myself.   

3.2: The NTFS cohort 

3.2.1: Justification for use 

As highlighted in the preceding literature review, the NTFS is one of five prospective birth 

cohort studies with dental data in the UK (Pearce et al. 2009b).  Beginning in 1947, it is the 

oldest of these cohorts, with participants now in their early seventies.  It is also the only one 

of these cohorts to have measured dental outcomes in later life – the latest measurements 

being around age 60, compared to age 33 in the other studies (Delgado-Angulo and Bernabe 

2015b) – and is the only cohort to have obtained clinical oral health measures (excluding the 

ALSPAC cohort which obtained clinical measures up to the age of seven only (Kay et al. 

2010)).  Therefore, this cohort study provides a unique opportunity to explore the life course 

determinants of oral health in the UK.    

3.2.2: Overview of the existing study 

Prior to my involvement in the NTFS (my PhD commenced in 2012), a large amount of data 

had been collected from study participants since the study’s commencement in 1947.  This 
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section describes this pre-existing data collected by the wider study team.  Some of this pre-

existing data was used in the secondary data analysis in Phase 3 of this PhD research. 

The NTFS cohort began with the recruitment of all but four of the 1,146 babies born in May 

and June, 1947, to mothers resident in the city of Newcastle upon Tyne.  Extensive medical 

and social information was collected about participants and their families during their first 

year of life, via antenatal charts, midwives’ reports, health visitors’ records, medical reports, 

hospital records and housing assessments.  Participants were subsequently followed 

extensively throughout their early childhood and school years, up to the age of 15, with 

information about medical and social factors collected from health visitors’ assessments, 

housing surveys, school reports, doctors’ assessments and medical records.  Information 

about entry to further education and employment was collected at age 18 and height and 

weight at age 22.  Other than a small number of sub-studies then undertaken up to the age 

of 32 (Miller et al. 1974; Miller et al. 1960; Pearce et al. 2009b; Spence et al. 1954), the study 

went into abeyance until 1997, when a large-scale attempt was made to trace all living 

original study members, following a surge in interest in the early origins of disease in later 

life (Barker 1990).  Between 1997 and 1999 (age 49 to 51), those traceable were asked to 

complete an extensive ‘Health and Lifestyle questionnaire’, collecting current and 

retrospective information about socio-economic, medical, lifestyle and behavioural factors, 

and invited to attend a clinical examination, which also involved a dental examination.  

Between 1999 and 2009, a small number of data collection episodes were undertaken from 

sub-groups of participants.  In 2009, a further large-scale attempt was once again made to 

trace all living original study members.  Those responding completed a further Health and 

Lifestyle questionnaire, updating information about socio-economic, medical, lifestyle and 

behavioural factors, and attended a clinical examination, which included a dental 

examination.  Since then, only a small number of data collection episodes have been 

undertaken from smaller groups of participants for sub-studies (Pearce et al. 2009b).   

To describe the dental outcomes measured in more detail, the dental examinations at ages 

50 and 63 were conducted in the Clinical Research Facility of the Royal Victoria Infirmary, 

Newcastle upon Tyne, as one component of a full day of clinical examinations covering a 

range of other medical assessments.  Each examination was conducted by one research 

nurse, who was not dentally trained by background but had received specific training for the 

purposes of these assessments (two research nurses were involved in the 50 follow-ups and 
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two different research nurses at the age 63 examinations).  The examinations were 

conducted in a reclining chair using two dental mirrors and direct illumination.  The 

examinations recorded whether or not participants wore upper and/or lower complete or 

partial dentures, whether each natural tooth was present or missing and, at age 50, whether 

each present tooth was grossly decayed/broken down or visibly loose.  At the age 50 

examinations, the numbers of lower premolar and molar teeth with opposing contacts were 

also recorded for both the right and left quadrants.  A very small number of questions were 

also asked to participants during these examinations, such as whether participants had any 

loose teeth at all and how often they had experienced tooth ache over their life.  In addition, 

previously validated and widely used 49-question (Slade and Spencer 1994) and 14-question 

(Slade 1997) Oral Health Impact Profile (OHIP) questionnaires were self-completed at ages 

50 and 63 respectively . 

Table 11 summarises the data collected and response rates at each stage of the study.  

Retention rates were 65% by the age of 15, 50% by the age of 50 and 38% by the age of 63.  

Members of the original study sample now live across the UK and wider world.  Study 

members have continued to participate in follow-ups from as far away as Australia, South 

Africa and Canada.   
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Year Cohort age 
(years) 

Participants (n) Data collected 

1947 Birth 1142 Antenatal chart, midwives’ report (including birthweight, 
gestational age and infant feeding) 

1947-
1962 

Birth to 15 1,142, falling to 
750 by age 15 

Health visitors’ records, doctors’ reports, hospital records, 
housing assessments, school reports, medical assessments 
(including data on socio-economic factors, family circumstances, 
physical examinations, illnesses, behaviour & criminality, school 
performance, home & leisure activities) 

1966 18 750 Entry to employment and further education 

1969 22 442 Height and weight 

1997-
1999 

50 574 Health & Lifestyle questionnaire (history of education, 
employment, earnings, housing, family circumstances, smoking, 
alcohol, general health, family health, current diet, exercise and 
social life) 

412 Clinical assessment (cardiovascular, metabolic, anthropometric, 
bone and respiratory tests) 

337 Dental examination (number of teeth, presence of dentures, 
numbers of grossly broken down/loose teeth, occluding pairs) 

309 Dental questionnaire (Oral Health Impact Profile-49, current 
dental attendance & treatment preferences) 

2009-
2011 

63 434 
 
 

Health & Lifestyle questionnaire (current work, income, 
retirement, marital status, smoking, alcohol, physical activity, 
diet, general health, dental health (mainly Oral Health Impact 
Profile-14), family health) 

354 Clinical assessment (cardiovascular, metabolic, musculoskeletal, 
anthropometric, cognition, hearing, respiratory tests) 

343 Dental examination (number of teeth, presence of dentures, 
dental attendance) 

Table 11: Overview of existing data collected from the full NTFS cohort.   
Adapted from (Pearce et al. 2009b). 
 

In terms of leadership and funding, the study was initiated by the Department of Child 

Health, King’s College, Newcastle upon Tyne, and the Health Department of the City, 

following concerns at the time about the high rate of infant mortality due to infections in the 

city (Pearce et al. 2009b; Spence et al. 1954).  The study remained a joint undertaking 

between these two institutions during its first two decades, led by a team of paediatricians 

including Sir James Spence, Dr Fred Miller and Sir Donald Court (Miller et al. 1974; Miller et 

al. 1960).  Funding over the first fifteen years was from Newcastle City Health Department, 

the City Health Committee and the Nuffield Foundation (Pearce et al. 2009b).  Funding in 

early adulthood was from a variety of sources, including the Department for Health and 

Social Security, the Medical Research Council, the Social Science Research Council, the 

Joseph Rowntree Trust, the WT Grant Foundation (New York), the Newcastle Inner Cities 
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Fund, the Joel Joffe Trust and the Home Office (Pearce et al. 2009b).  When the study was 

resurrected in 1997, this was led by Professor Louise Parker at Newcastle University.  Since 

2002, Mark Pearce, a Professor in Applied Epidemiology at Newcastle University (and 

supervisor of this PhD) has led the study.  Funding for the age 50 follow-up was 

predominantly from the Wellcome Trust, but the Newcastle Healthcare Charity, the Sir 

James Knott Trust and the Minnie Henderson Trust Fund also contributed (Pearce et al. 

2009b).  The age 63 follow-up was funded via multiple sources, particularly a UK National 

Institute for Health Research Biomedical Research Centre for Ageing and Age-Related 

Disease award and funding from the JGW Patterson Foundation, Action on Hearing Loss and 

Breathe North (Harrison et al. 2013). 

3.3: A mixed-methods approach 

This PhD research utilised a mixed-methods approach, incorporating two separate but 

related studies answering similar, but slightly different, questions.  The qualitative study 

examines in detail the factors influencing how and why individuals looked after their oral 

health across the life course, whilst the quantitative study investigates the life course 

determinants of oral health from a broader perspective.  Both of these studies address the 

broad aim ‘to investigate the life course determinants of oral health in the UK’.  A qualitative 

approach was deemed essential to achieve the first objective of this research (‘to explore 

the factors across the life course which influence how and why people look after their oral 

health’), as a qualitative approach facilitates a deeper understanding of social processes that 

cannot be achieved via quantitative methods (Barbour 2014b; Green and Thorogood 2018; 

Pope and Mays 2006).  In contrast, a quantitative approach was the most appropriate 

method to achieve the second objective (‘to quantitatively model the contributions of 

determinant factors across the life course to individuals’ oral health’).  This use of mixed-

methods approaches as equal but separate tools for answering different questions on the 

same topic is commonplace in mixed-methods research (Teddlie and Tashakkori 2009). 

Mixed-methods research designs can be classified into multiple typologies (NIH OBSS 2018; 

Tariq and Woodman 2010).  This research project incorporated a multiphase design, using 

elements of both ‘exploratory sequential’ and ‘convergent’ designs.  The qualitative study 

was conducted first as, in accordance with the ‘exploratory sequential’ typology, the 

intention was to use the qualitative findings to influence the design of the quantitative 

study, specifically guiding which determinant factors should be included in the quantitative 
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path analysis.  Representing elements of a ‘convergent’ design, the research findings of the 

qualitative and quantitative components were closely integrated at the interpretation stage 

to corroborate and complement each other.  Integration at this stage permitted ‘expansion’ 

to occur, where each methodology allowed a concept to be considered from different 

angles, and also allowed confirmation and discordance of findings to be identified (Fetters et 

al. 2013). The ability of mixed-methods approaches to enhance the quality, usefulness and 

applicability of research, by combining the strengths of each methodology, is well-accepted 

in the literature (Tariq and Woodman 2010).  The above methods of integrating qualitative 

and quantitative research adhere to best practice guidelines in mixed-methods research 

(NIH OBSS 2018). 

3.4: Philosophical Assumptions 

Philosophical assumptions, particularly pertaining to theories about the nature of reality 

(ontology) and the nature of knowledge (epistemology), are important considerations in 

research.  A wide spectrum of philosophical positions are supported but, in very broad 

terms, can be classified under the broad categories of positivism and interpretivism (Green 

and Thorogood 2018; Ritchie and Lewis 2014).  Positivism is a philosophy which assumes 

that a stable reality exists (the ontological position of realism) (Green and Thorogood 2018).  

Epistemologically, positivism supports the view that a stable reality can be studied and can 

be known accurately and that this reality is unaffected by the research process or the values 

of researchers or research participants (value-free inquiry) (Ritchie and Lewis 2014).  Such 

philosophical underpinnings mean positivist approaches are often associated with research 

in the natural sciences (where it is believed phenomena can be objectively measured), 

quantitative study methods, and deductive rather than inductive methods (whereby 

knowledge is acquired through a ‘top-down’ process involving the generation of hypotheses 

which are subsequently tested against observations) (Creswell and Plano Clark 2011; Green 

and Thorogood 2018; Ritchie and Lewis 2014).  In contrast, interpretivism is a philosophical 

position whose roots are more aligned to the ontological stance of idealism, which (in 

opposition to realism) asserts that reality is fundamentally mind-dependent and that no 

external reality exists independent of our beliefs and understandings (Ritchie and Lewis 

2014).  Epistemologically, an interpretive approach is concerned with understanding 

people’s experiences of the world as it is subjectively understood and supports the view that 

this subjective reality is affected by the research process and that value-free research is 
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impossible (Ritchie and Lewis 2014).  Accordingly, interpretivism is often associated with 

research in the social sciences, qualitative study methods and inductive approaches to 

research, the latter being a ‘bottom-up’ process where evidence is collected and knowledge 

and theories subsequently generated from this (Creswell and Plano Clark 2011; Green and 

Thorogood 2018; Ritchie and Lewis 2014).  In between (or under) the broad stances of these 

two philosophical positions lie a variety of other philosophical worldviews, such as social 

constructionism and critical realism.  The former is aligned to an interpretive perspective but 

focuses on the socially constructed nature of reality (Green and Thorogood 2018), whilst the 

latter sits between positivism and interpretivism and advocates that an external reality does 

exist but can only be accessed through the interpretations of individuals (Ritchie and Lewis 

2014).  

In mixed-methods research, some researchers have argued that the philosophical premises 

of qualitative and quantitative methodologies are inherently incompatible (Morse 2003), 

whereas others have advocated a range of philosophical underpinnings (Creswell and Plano 

Clark 2011; Denscombe 2008; Greene and Caracelli 1997).  The philosophical paradigm of 

pragmatism is strongly supported in relation to mixed-methods research, in which the 

distinguishing belief is that an interpretation is true if it leads to actions that produce desired 

or predicted results (Ritchie and Lewis 2014).  Pragmatism embraces diverse approaches and 

both subjective and objective knowledge (Creswell and Plano Clark 2011).  Proponents of 

pragmatism argue that the forced choice dichotomy between positivism and interpretivism 

and concepts of truth and reality should be abandoned (Tashakkori and Teddlie 2010).  In 

contrast to pragmatism, it has also been advocated that changing between philosophical 

positions during mixed-methods research is an advantage, to reveal contradictory ideas and 

arguments by attempting to know the world from different perspectives (Greene and 

Caracelli 1997), and that changing between philosophical positions is necessary and driven 

by the different research methods employed (Creswell and Plano Clark 2011).   

The main philosophy with which I identified in relation to this research was pragmatism, 

whereby the aim was to uncover the factors which determine oral health, whether in a 

stable reality or subjective interpretations of reality.  If addressed, these factors would lead 

to improvements in oral health.  However, I believe that I inhabited more than one 

philosophical position during this research and, as contemporarily advocated by some 

authoritative researchers (Ritchie and Lewis 2014), that this was related to the nature of the 
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research questions posed to a greater extent than to my underlying philosophical beliefs.  

The qualitative component of this research aimed to explore individuals’ subjective accounts 

of psycho-social influences, which aligns with a more interpretative philosophy.  The 

quantitative study explored both objective and subjective determinants related to the 

natural and social sciences, such as pack-years of smoking and parental influence 

respectively, and, therefore, aligned with both positivist and interpretivist positions. 

3.5: Ethical approval, participant consent and data access 

This PhD research required ethical approval from Newcastle University’s Faculty of Medical 

Sciences Ethics Committee, which was requested via online submissions.  Ethical approval 

was granted in two stages: on 2nd October 2014 for the qualitative study (Phase 1); on 25th 

May 2016 for the quantitative study (including both Phases 2 and 3 – questionnaire 

distribution to NTFS participants and secondary analysis of existing NTFS data, respectively).  

Such approvals are included in Appendices A and B. 

Study participants received an invitation letter, a written participant information sheet and 

completed a written consent form prior to their involvement in the qualitative interviews 

(Appendix C).  Prior to their completion of the dental questionnaire (Phase 2), participants 

also received an invitation letter and participant information sheet (Appendix D).  However, 

to reduce their administrative burden, they were not asked to complete a written consent 

form but were advised that completion of the questionnaire would confirm their consent for 

the information to be used in secondary data analysis (Phase 3).  At all previous stages of 

data collection (prior to my involvement in the study), participants had already provided 

written consent, and ethical approval had been granted, for all data to be used in future 

secondary data analyses.  Therefore, appropriate participant consent was already in place 

for the use of pre-existing study data in the secondary data analysis in Phase 3. 

Access to all pre-existing study data necessary for the completion of this PhD research was 

provided by members of the NTFS study team, including Professor Mark Pearce (study lead), 

Katharine Kirton (Senior Research Administrator) and Dr Kay Mann (Research Associate).  

Where possible, all research data was anonymised prior to receipt by myself, although some 

identifiable information was required, e.g. names and addresses, for sample recruitment in 

the qualitative interviews (Phase 1) and questionnaire distribution (Phase 2).  Only the 

minimum necessary data was transferred to myself, all data was stored on a password-
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protected University computer and identifiable information was stored separately from all 

other study data.   

3.6: The qualitative study 

As outlined, the qualitative study aimed to explore in depth the factors across the life course 

which influence how and why individuals in the UK look after their oral health, and involved 

in-depth interviews with members of the NTFS study.   

3.6.1: Sample population 

The NTFS cohort was selected as the setting for this qualitative study for two key reasons.  

Firstly, clinical, socio-demographic and behavioural information related to oral health had 

previously been collected from participants at various stages across the life course (Table 

11), thereby allowing participants to be purposively sampled for inclusion in the study.  

Secondly, the NTFS cohort had been identified as a unique setting for the quantitative 

component of this PhD and it was anticipated that aligning the qualitative and quantitative 

study settings would provide an opportunity for greater comparison and corroboration of 

findings between these two studies.   

As discussed in more detail in relation to the quantitative study (sub-section 3.7.1), it was 

acknowledged that the NTFS cohort may not be representative of the UK population in 

general (being a North East England cohort), that its participants’ health behaviours and 

beliefs may have been influenced by their longstanding participation in this study (French 

and Sutton 2010; Godin et al. 2008), and that the cohort may have been biased due to 

substantial loss to follow-up (Table 11).  However, use of a non-probabilistic purposive 

sampling strategy (described in sub-section 3.6.3), which aimed to seek out participants 

based upon specific characteristics to ensure a broad and diverse sample (Patton 2015; 

Ritchie and Lewis 2014), should have limited the effects of the above.   

Furthermore, it was also acknowledged that use of a historical birth cohort presented 

additional disadvantages.  Firstly, participants were required to rely substantially on 

retrospective recall, especially regarding influences earlier in the life course.  Secondly, 

determinants of OHBs applicable to this cohort may not be completely applicable to 

contemporary populations due to changes over time (known as period effects (Glenn 2005)) 

in influencing factors (Fielding 1999; Laranjo et al. 2014; Oláh et al. 2018).  Alternative 

settings for this qualitative study were originally considered, such as interviewing several 
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cohorts of individuals from different generations in the current UK population, who were 

hence at different stages across the life course.  However, this would have been particularly 

resource intensive within the constraints of a PhD and the benefits of utilising the NTFS 

(presented above) would have been lost.  Instead, issues of retrospective recall and period 

effects were acknowledged and managed (see sub-section 3.6.9). 

3.6.2: Method of data collection 

Several modes of data collection are available in the field of qualitative research to provide 

an in-depth understanding of a phenomenon, including individual interviews, group 

interviews, ethnography and document analysis (Green and Thorogood 2018).  Ethnography 

and document analysis were eliminated as potential methods at the outset.  Ethnography 

was not deemed a practical method for exploring a diverse range of influencing factors 

occurring in multiple settings across an extended timespan, whilst document analysis 

depends on the availability of appropriate documents to analyse.  Leaving a choice between 

individual interviews and group interviews, it was decided that individual interviews were 

best suited to achieving the aim of this qualitative study, which was to obtain in-depth 

personal accounts about a potentially sensitive topic.  Although group interviews can 

provide an ideal setting for some research, particularly where social interaction is a key focus 

(e.g. studies involving healthcare teams) (Green and Thorogood 2018), they can restrict the 

depth of individuals’ own accounts and can be limited by various social conventions.  

Specifically, participants may avoid disclosing personal or sensitive information, attempt to 

present a ‘normal’ version of themselves, dramatise to impress others and change their 

accounts to avoid conflict (Barbour 2014b; Green and Thorogood 2018; Schneider and 

Palmer 2002).  Discussions may also be dominated by more confident and expressive 

individuals, those higher in the social hierarchy and those holding more socially acceptable 

views (Green and Thorogood 2018).  Furthermore, participants’ views can be ‘contaminated’ 

in group discussions, whereby the data produced reflects views developed during the 

discussion process rather than participants’ pre-existing views (Barbour 2014b; Green and 

Thorogood 2018).   

Although individual interviews were selected as the most suitable option for data collection, 

their disadvantages were also acknowledged.  In particular, the nature of interview data as 

people’s ‘accounts’ of events was acknowledged.  It has been argued that people’s accounts 

reveal how patients ‘make sense’ of a phenomenon but reveal little about what actually 
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happened (Stimson and Webb 1975).  I also acknowledged that people’s accounts may have 

been influenced by myself as the interviewer (discussed further in sub-section 3.6.8). 

All interviews were audio-recorded. Additional written field notes were also made after each 

interview.  Such notes included a description of the interviewee or the setting (to help me 

relate the transcript to the particular interview during future analysis), a summary of key 

ideas emerging from the interviews, notes about a participant’s emotions or non-verbal 

communication that would not be captured by the audio recording, and a reflection on my 

interviewing technique and the interview process.  Such notes helped develop the interview 

process and were also consulted during data analysis.    

3.6.3: Sampling strategy 

Non probabilistic, purposive sampling was used to select participants for interview.  Such a 

sampling strategy is commonplace in qualitative research whereby the aim is not to produce 

a statistically representative sample but to ensure all key groups relevant to the subject 

matter are sampled and, within these groups, enough diversity is included so the impact of 

the characteristic concerned can be explored (Ritchie and Lewis 2014).   

The primary criteria used to determine sample selection was the tooth loss trajectory of 

participants between the ages of 50 and 63, based on pre-existing dental examination data 

from the NTFS.  As the aim of this qualitative research was to explore the influencing factors 

of people’s OHBs, it was deemed critical to explore these determinants across groups 

experiencing differing oral health outcomes.  This tooth loss trajectory, in particular, was 

selected as the most appropriate reflection of participants’ clinical oral health experiences 

over their lifetime from the limited amount of oral health data available (sub-section 3.2.2).  

Specifically, tooth loss is a common end-point of two of the most prevalent dental diseases 

(Fuller et al. 2011; McCaul et al. 2001; Richards et al. 2005), whilst a trajectory between two 

time points provides an indication of longitudinal rather than static oral health.  To allow for 

the use of this primary sampling criteria, the population for sampling was limited to 216 

NTFS participants who previously attended the dental examinations at both ages 50 and 63. 

The ‘tooth loss trajectory’ groups utilised for sample selection are listed in Table 12.  The 

terms ‘good’, ‘functional’, ‘poor’ and ‘edentate’ reflect tooth retention at the age 50 follow-

up, whilst the terms ‘stable’ and ‘unstable’ reflect the number of teeth lost between age 50 

and age 63.  For example, individuals with 24 or more teeth at age 50 and losing less than 
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three teeth between age 50 and 63 were classified as ‘good stable’.  The minimum threshold 

of 21 teeth used to classify the age 50 tooth count as ‘functional’ was based on an 

established threshold used to define a ‘functional dentition’ (Fuller et al. 2011; Hobdell et al. 

2003).  Otherwise, the thresholds used were based on my clinical judgement.  Being the 

primary selection criteria, the objective was to sample at least two individuals from each 

group.  Ultimately, four individuals were selected from the ‘good unstable’ group, three each 

from the ‘good stable’, ‘functional stable’, ‘functional unstable’ and ‘edentate’ groups and 

two each from the ‘poor stable’ and ‘poor unstable’ trajectory groups (Table 13). 

Tooth loss trajectory Age 50 tooth 
count 

Teeth lost between 
age 50 and age 63 

Number of 
individuals in 
sample population 

Good stable 24+ 0-2 108 

Good unstable 24+ 3+ 30 

Functional stable 21-23 0-2 19 

Functional unstable 21-23 3+ 7 

Poor stable 1-20 0-2 25 

Poor unstable 1-20 3+ 18 

Edentate 0 0 9 

Table 12: Tooth loss trajectory classifications used for the selection of participants for 
qualitative interview. 
 

The secondary criteria for sample selection were the following socio-demographic 

characteristics: sex, region of current residence (whether North-East England or elsewhere in 

the UK), age 50 social class (groups I, II, III, IV and V based upon the 1990 Standard 

Occupational Classification (OPCS 1990)) and age 50 smoking status (whether current, never 

or ex-smoker).  The justification for sampling based upon sex and social class was the 

previous body of evidence associating these characteristics with health behaviours (Pampel 

et al. 2010; Vlassoff 2007), including OHBs (Chadwick et al. 2011; Sabbah et al. 2009).  

Region of current residence was deemed important based on evidence that geography may 

influence OHBs (Chadwick et al. 2011) and to improve the generalisability of the study 

findings to areas outside of the North-East of England.  Smoking status was included as a 

potential indicator of whether participants generally engaged in positive or negative health 

and oral health behaviours (Sanders et al. 2005; Singh et al. 2013), to ensure influencers of 

OHBs were studied across both groups.  Social class and smoking status specifically at age 50 

were selected as the best reflections of these characteristics in adulthood out of two 



81 
 

previous prospective assessments in adulthood (at age 50 and age 63 – Table 11, Page 72). 

Age 50 marital status (single, married, divorced or widowed) was not included initially as a 

secondary selection criterion but was subsequently added, after the importance of spousal 

influence emerged from initial interviews.  Information on all of the above criteria was 

already available, having previously been collected by the wider study team in prior phases 

of the NTFS (Table 11).  As secondary selection criteria, minimum quotas for sampling were 

not set but the intention was to sample participants from across a range of levels in each 

criteria.  Ultimately, eleven interviewees were male, whilst nine were female.  Fourteen 

currently lived in the North East of England, whilst six lived elsewhere in the UK.  At age 50, 

six were in each of Social Class I, II and III, whilst two were in Social Class IV; two were 

current smokers, ten were ex-smokers, and eight were never smokers; and seventeen were 

married, two were divorced and one was single.   

The full demographics of the final interviewed sample are outlined in Table 13.   
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Maureen 28 27 1 Good stable Female North East IIIM Current Married 

Alan 27 27 0 Good stable Male North East II Ex Married 

Keith 25 25 0 Good stable Male North East I Ex Married 

Malcolm 30 27 3 Good unstable Male East of 
England 

I Ex Divorced 

Donald 28 20 8 Good unstable Male North East I Never Married 

Lorraine 28 18 10 Good unstable Female North East II Never Single 

Michael 26 20 6 Good unstable Male North East IIIM Ex Married 

George 23 23 0 Functional 
stable 

Male Yorkshire & 
the Humber 

II Never Married 

Steve 23 22 1 Functional 
stable 

Male North West II Never Married 

Pam 23 21 2 Functional 
stable 

Female Yorkshire & 
the Humber 

IIINM Never Married 

Cynthia 25 22 3 Functional 
unstable 

Female East 
Midlands 

IIIM Never Married 

Jeremy 23 15 8 Functional 
unstable 

Male South East 
England 

II Ex Married 

Barbara 21 18 3 Functional 
unstable 

Female North East II Current Divorced 

Patricia 18 18 0 Poor stable Female North East I Never Married 

Edith 5 5 0 Poor stable Female North East IIIM Ex Married 

John 14 11 3 Poor unstable Male North East I Ex Married 

Rose 14 0 14 Poor unstable Female North West 
England 

IV Ex Married 

Dorothy 0 0 0 Edentate Female North East IIIM Ex Married 

Bruce 0 0 0 Edentate Male North East IV Ex Married 

Arthur 0 0 0 Edentate Male North East I Never Married 

Table 13: Demographics of the final interviewed sample. 
*names are pseudonyms 

Sample selection was an iterative process, whereby small numbers of individuals were 

invited to interview in stages.  The tooth loss trajectories and socio-demographic 

characteristics of responders then determined the selection of subsequent individuals.  

Emerging ideas from initial interviews also influenced the subsequent selection process, in 

an attempt to confirm or disconfirm emerging ideas and capture new ideas.  This is 
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exemplified by the subsequent inclusion of age 50 marital status as a secondary selection 

criterion, after initial interviews demonstrated an importance of spouses in influencing 

OHBs.   

Ultimately, invitation letters were sent to 54 NTFS participants.  Follow-up attempts were 

also made via telephone and e-mail, where information was available.  Of the 54 individuals 

invited to interview, 26 (48%) agreed to participate.  Of the remaining 28, 23 did not respond 

to the contact made and 5 responded that they were currently unable or unwilling to 

participate (two were too busy, one was unwell and two did not provide a reason).  Six of 

the individuals consenting to interview were subsequently exempted, where response rates 

from certain individuals with similar characteristics were particularly high.   

The number of interviews was not specified prospectively, but interviews were continued 

until it was deemed that ‘data saturation’ had been achieved, whilst remaining pragmatic 

about the number of interviews that could be completed within the limits of a PhD.  Data 

saturation has been described in realistic terms as “the point of diminishing return where 

increasing the sample size no longer contributes new evidence” (Ritchie et al. 2014).  This 

pragmatic point was judged to have been achieved after completing twenty interviews, 

which is about average compared to published qualitative studies in the field of oral health 

(Al-Moghrabi et al. 2019).   It was certainly felt that little new content was emerging from 

the data in the latter interviews and that sufficient opportunity had been provided to sample 

individuals across a range of tooth loss trajectory groups.  Twenty interviews also facilitated 

broad representation across the five secondary selection criteria.   

The twenty interviews took place between 31st October 2014 and 18th February 2015.  The 

mean interview length was 54 minutes, with the longest interview lasting 90 minutes and 

the shortest 39 minutes.   

3.6.4: Interview location 

Interviewees living close to Newcastle upon Tyne (the location of myself as the interviewer) 

were offered the choice of being interviewed in person, either in their own home, in an 

appropriate space within Newcastle University or at another location of their choosing (the 

furthest distance travelled for an in-person interview was approximately 30 miles).  

Interviewees living further afield were interviewed over the telephone.  As a result, thirteen 

interviews were undertaken in person (seven in participants’ homes, one at a participant’s 
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workplace and five within Newcastle University) and seven were completed over the 

telephone.   

The choice of location offered for the in-person interviews was designed to reduce the 

burden placed on participants, encourage their participation and encourage them to feel 

comfortable and talk openly during the interviews.  Previous evidence has shown that 

interview location can impact upon interview responses (Elwood and Martin 2000).  Efforts 

were made to ensure that locations were always quiet and private and that respondents 

were comfortable.   

Telephone interviews were conducted with participants living further afield, primarily based 

upon practical, environmental and resource constraints.  As discussed in the literature, it was 

acknowledged that telephone interviews may impact upon interview responses, such as by 

providing a feeling of greater anonymity, preventing non-verbal communication, obscuring 

visible characteristics of the interviewer and interviewee (e.g. age, race, appearance) and 

introducing the potential for technological problems (Oltmann 2016).  However, 

reassuringly, the majority of studies exploring the use of telephone compared to in-person 

interviews found results were comparable between these modes (Opdenakker 2006; Sturges 

and Hanrahan 2004).  Similarly, no differences were also noted in the present research, 

based upon informal reflection throughout the interview process and more formal reflection 

during the data analysis stage.  Encouragingly, there was also no association between the 

length of interview and the mode of interview. 

3.6.5: The topic guide 

The main aim of the interviews was to explore in depth the factors across the life course 

which influenced how and why individuals looked after their oral health.  Therefore, in-

depth (as opposed to structured or semi-structured) interviews were used to provide the 

interviewee sufficient opportunity to develop their own accounts of the issues important to 

them, rather than being guided by the agenda of the researcher (Green and Thorogood 

2018).  As prior research on this topic in the UK is limited (Section 2.14), a primarily inductive 

approach to this qualitative study was also taken, whereby the aim was not to test prior 

hypotheses or assumptions but to generate new knowledge and theories grounded in the 

data.   
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In line with these principles, a topic guide was developed, but this was intended as an aide 

memoir for myself as the interviewer, providing a list of potential topics to explore rather 

than a prescriptive list of questions.  Many of the topics listed were often voluntarily covered 

by participants and, hence, little prompting was required.  Where interviewees were less 

forthcoming, the questions on the topic guide were not read verbatim but the language and 

the structure of questions were adapted to individual interviewees, for example, using 

language previously used by the interviewees and weaving prompts naturally into existing 

discussions.  Decisions about what to probe and how were made by myself as the 

interviewer in-situ, depending on factors such as participants’ previous responses and 

themes emerging from previous interviews.  The use of a topic guide in this flexible manner 

is standard practice in in-depth interviewing (Green and Thorogood 2018; Ritchie and Lewis 

2014).  Where possible, open and non-leading questions were used to encourage in-depth 

accounts of participants’ own viewpoints. 

The initial topic guide (Appendix E) was structured to first include an introductory section, 

intended to encourage individuals to start thinking about the topic of oral health.  

Interviewees were asked what they perceived having good teeth or good oral health 

involved, whether it was important and what factors might influence oral or dental health.  

Their thoughts were then focused on their own oral health, asking them how it had changed 

over their lifetime and whether they were happy with it.  The vast majority of the topic guide 

then focused on exploring the perceived factors which had influenced individuals’ OHBs over 

their lifetimes (the core aim).  The initial prompts in this section were intended to be very 

broad, in line with an inductive approach, encouraging people to think about how they had 

looked after their teeth over their life course, and why, including whether certain time 

periods, events, people and feelings had been important.  More specific prompts were 

included latterly in this section and these were based upon previous established knowledge.  

As discussed in detail in the literature review (Sections 2.6 and 2.9), it is well-established that 

oral hygiene, smoking, diet and dental attendance behaviours are the key behavioural 

determinants related to the most common oral diseases (caries, periodontal diseases, tooth 

loss, and non-carious tooth surface loss) (DoH 2005; WHO 2003).  Therefore, it was 

necessary to prompt individuals to discuss these key OHBs if they did not do this voluntarily.  

The final section of the topic guide focused on concluding the interviews, primarily seeking 
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interviewees’ views on the relative importance of the influencing factors discussed and 

seeking any additional thoughts.   

The topic guide was an evolving document and several additions were made after the initial 

interviews (up to the sixth interview).  The final topic guide included ten additional prompts 

compared to the initial guide (as highlighted in Appendix F).  These prompts were added 

based upon themes emerging from the initial interviews that warranted further exploration.  

For example, contradictory views emerged from initial interviews about the influence of 

financial issues on OHBs, particularly dental attendance, and about the availability of dental 

services, so this was an area warranting further exploration.  Furthermore, a perceived 

significant influence of interviewees’ children on their OHBs emerged from two of the initial 

interviews.  As such an influence had not been identified in previous literature, I was keen to 

explore this theme further.  Other prompts related to exploring participants’ views about 

their personal responsibility for their own oral health, the sufficiency of knowledge in 

bringing about action and the formation of one’s oral health expectations.  In accordance 

with the use of the topic guide as an aide memoir for myself as the interviewer, rather than 

a prescriptive guide, these additions were themes which could be explored if appropriate 

rather than prompts which must be covered during every interview.  This practice of 

modifying a topic guide after initial interviews is accepted as standard practice (Ritchie and 

Lewis 2014) and was anticipated.  However, the potential for this approach to 

inappropriately ‘lead’ future discussions was recognised.  Accordingly, I was attentive to how 

these prompts were introduced, trying to explore such topics neutrally when they flowed 

naturally from previous discussions and asking open questions.   

It is important to note here that an alternative approach to interviewing could have involved 

a more deductive approach, whereby the interviews could have been structured around 

existing health behaviour theories.  Multiple models and theories of health behaviour have 

been postulated over the past fifty years (McGrath 2019) and applied to oral health 

predominantly since the mid-1990s (McGrath 2019).  The appropriateness of the more 

traditional of these, such as the Health Belief Model, the Theory of Planned Behaviour and 

the Theory of Reasoned Action, amongst others, has been disputed by contemporary 

researchers (Asimakopoulou and Newton 2015; Michie et al. 2005), due to evidence of their 

poor predictive power (Hardeman et al. 2002; McEachan et al. 2011; Suresh et al. 2012), 

their often narrow focus (Michie et al. 2005) and the challenges in distinguishing between 
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multiple overlapping theories (Michie et al. 2005).  However, the more contemporary 

theoretical frameworks of relevance to health behaviours – primarily the linked Theoretical 

Domains Framework (TDF) (Cane et al. 2012), COM-B model (Michie et al. 2011) and PRIME 

theory of motivation (West 2006) – are considered more applicable to oral health today 

(Asimakopoulou and Newton 2015).  In brief, the TDF was devised in 2005 and simplified all 

previous traditional health behaviours theories into one single theory using a consensus 

approach involving a large number of expert researchers (Michie et al. 2005).  It has since 

been further refined and now comprises a fourteen domain construct (with 83 smaller 

domains) (Table 14) (Cane et al. 2012).  The COM-B model of behaviour was developed in 

2011 and asserts that three components must be present for a behaviour to occur: 

motivation (which can be reflective or automatic), capability (which can be physical and 

psychological) and opportunity (which can be social and physical) (Michie et al. 2011).  The 

domains of the TDF have since been mapped to these COM-B components (Cane et al. 

2012).  The PRIME theory of motivation (PRIME standing for plans, responses, impulses, 

motives and evaluations) was introduced in 2006 and aimed to produce a unifying theory of 

what determines motivation (West 2006).  At its core, it argues that motivation is 

determined by our wants and needs at any particular moment, which can be influenced by 

complex interactions between learnt and innate processes.  However, it was decided to 

utilise a more inductive approach to interviewing, as the appropriateness of these theories 

for explaining OHBs is predominantly theoretical (Asimakopoulou and Newton 2015; Michie 

et al. 2005; Michie et al. 2011).  Instead, as discussed further in sub-section 3.6.6, such 

theories were considered to some extent during the data analysis process. 
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Domain 

1. Knowledge 

2. Skills 

3. Social/professional role and identity 

4. Beliefs about capabilities 

5. Optimism 

6. Beliefs about consequences 

7. Reinforcement 

8. Intentions 

9. Goals 

10. Memory, attention and decision processes 

11. Environmental context and resources 

12. Social influences 

13. Emotion 

14. Behavioural Regulation 

Table 14: The fourteen domains of the revised Theoretical Domain Framework (Cane et al. 
2012). 
 

3.6.6: Data analysis – broad methodology 

The data analysis process employed was based upon thematic analysis, a longstanding 

method commonly used to analyse qualitative data but explicitly described by Braun and 

Clark (2006).  This process involves using a six-step approach to identify, analyse and report 

patterns within data, as summarised in Table 15.  This method was selected as it offers a 

pragmatic and clear approach of analysing qualitative data (ideal for a novice qualitative 

researcher), whilst still offering the potential to provide a rich, detailed and complex account 

of data (Braun and Clarke 2006).  It is also flexible in not being constrained to any particular 

ontological or epistemological foundation (Braun and Clarke 2006).  
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Phase Description of the process 

 
1. Familiarising yourself with your data  
 

Transcribing data (if necessary), reading and re-reading the data, 
noting down initial ideas  

 
2. Generating initial codes  
 

Coding interesting features of the data in a systematic fashion 
across the entire data set, collating data relevant to each code  

 
3. Searching for themes  
 

Collating codes into potential themes, gathering all data relevant 
to each potential theme  

 
4. Reviewing themes  
 

Checking if the themes work in relation to the coded extracts 
and the entire data set, generating a thematic ‘map’ of the 
analysis.  

 
5. Defining and naming themes  
 

Ongoing analysis to refine the specifics of each theme, and the 
overall story the analysis tells, generating clear definitions and 
names for each theme  

 
6. Producing the report  
 

The final opportunity for analysis. Selection of vivid, compelling 
extract examples, final analysis of selected extracts relating the 
analysis back to the research question and the literature, 
producing a scholarly report of the analysis  

Table 15: The six phases of thematic analysis.  Adapted from Braun and Clark (2006). 
 

Other analysis techniques considered for use in this research study include, in particular, a 

grounded theory approach (Glaser and Strauss 1967) and a framework approach (Ritchie and 

Spencer 1994).  The grounded theory approach was founded in 1967 (Glaser and Strauss 

1967).  It has evolved into multiple forms over the years (Charmaz 2006; Clarke 2005; Corbin 

and Strauss 2008; Glaser 1992) but is an approach to developing substantive theory 

grounded from within empirical data, which comprises several fundamental components 

(Green and Thorogood 2018; Sbaraini et al. 2011).  These components include: taking an 

open and inductive approach to theory generation; constant comparison between codes, 

data and cases to explain variation; memo writing to stimulate and develop thinking; data 

analysis and data collection occurring in parallel, to facilitate theoretical sampling (whereby 

sampling is dictated by the need to develop and test emerging theories); and theoretical 

saturation, meaning all concepts in the developed theory are well understood and can be 

substantiated by the data (Green and Thorogood 2018; Sbaraini et al. 2011).  Thematic 

analysis was selected over a grounded theory approach as a more flexible and less 

prescriptive method, but one which is still able to generate a rich and complex account of 

data.   

The framework approach was developed in the late 1980s (Ritchie and Spencer 1994).  It is 

often considered a specific type of thematic analysis whose defining feature is the 
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production of a matrix output of summarised data, which provides a structure for 

systematically reducing the data so it can be analysed by case and by code (Green and 

Thorogood 2018; Ritchie and Lewis 2014).  Framework analysis is generally geared towards 

generating policy and practice-orientated findings (Green and Thorogood 2018; Ritchie and 

Lewis 2014) and is sometimes associated to a greater extent with ‘content analysis’, which is 

focused more on describing participants’ views rather than generating ideas, theories and 

explanations (Green and Thorogood 2018).  Thematic analysis was selected over framework 

analysis as this research was not directly intended to generate policy orientated findings, 

and to avoid the risk of losing detail when working with summaries rather than raw data 

(Green and Thorogood 2018).   

A primarily inductive approach was applied to the data analysis.  The rationale was the 

limited extent of prior qualitative research on the determinants of OHBs in the UK (as 

discussed in Section 2.14), meaning the generation of new knowledge and theory from 

empirical data was a priority.  As discussed in relation to the approach to interviewing (sub-

section 3.6.5), an alternative method would have been to utilise a primarily deductive 

approach, exploring the empirical data according to contemporary behaviour theories, such 

as the TDF or COM-B models (Cane et al. 2012; Michie et al. 2011).  However, as the 

appropriateness of these theories for explaining OHBs is predominantly theoretical 

(Asimakopoulou and Newton 2015; Michie et al. 2005; Michie et al. 2011), again, the 

preferred approach was to use the primarily inductive approach described.  As is 

commonplace in qualitative research (Green and Thorogood 2018; Ritchie and Lewis 2014), 

however, deductive approaches to data analysis were also incorporated: the empirical 

findings were situated in the context of previous research and the above behaviour theories; 

whilst pre-existing knowledge and theory were also utilised to sensitise myself as the 

researcher to potential emergent themes.  Similar, primarily inductive analysis approaches 

have also been taken by the majority of previous qualitative studies investigating the 

determinants of oral health (Borreani et al. 2010; Daly et al. 2010; Gibson et al. 2019; Gill et 

al. 2011), although a more deductive approach based upon the TDF framework has been 

applied in one study exploring parental experiences of tooth brushing with children 

(Marshman et al. 2016).   
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3.6.7: Data analysis – detailed methods 

In line with the broad methodology described in the preceding section, the specific process 

taken during data analysis is described below.   

The audio-recordings were firstly transcribed verbatim by Katharine Kirton, the senior 

research administrator within the NTFS team.  Before commencing analysis on each 

interview, I subsequently listened to the corresponding audio recording, thoroughly checking 

the transcription for accuracy and familiarising myself with the data.  The transcription was 

then uploaded to the NVivo software (QSR International), which was used to facilitate 

subsequent coding and analysis.  It has been argued by some that transcription is a key 

phase of data analysis (Bird 2005) and, therefore, the practical decision made early on in this 

PhD process not to transcribe the interviews myself could be criticised.  However, due to the 

additional steps I took to check and familiarise myself with the data, I didn’t feel 

disadvantaged by not having transcribed the interviews myself.   

The next step involved systematically coding each transcript, assigning codes to label any 

relevant feature of each section of text.  Such codes were numerous and captured all 

interesting aspects in the data.  As each subsequent interview was coded, new codes were 

generated and existing codes were reviewed and modified, perhaps refining the content or 

meaning of a code, condensing or dividing codes.  This recursive process occurred alongside 

data collection, as is commonplace in qualitative data analysis (Green and Thorogood 2018) 

and, as discussed in sub-sections 3.6.3 and 3.6.5 respectively, allowed emerging ideas to 

influence the selection of further interviewees and the format of future interviews. 

Once all interviews had been coded, the process of grouping codes based upon similarities, 

links and associations between them began and this started to generate a structure of initial 

themes and sub-themes.  The next stage involved reviewing and refining these themes and 

sub-themes, which involved various processes, including: re-reading all of the coded extracts 

grouped under each theme or sub-theme to check the appropriateness of themes in relation 

to the extracts; re-reading all of the interview transcripts to ensure all relevant data had 

been coded and the themes reflected the whole dataset; and re-visiting the field notes made 

after each interview to ensure any ideas not captured within ‘accounts’ had been 

incorporated.  Copious written notes, mind-maps and tables were also drafted during this 

process to help organise ideas.   
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During the above stages, the intention was to really interrogate the data, exploring patterns 

both within and between cases, in an attempt to really understand and explain the 

influencers of OHBs across the life course.   

Figure 5 documents the final thematic map of the main themes and sub-themes which was 

produced at the end of this process (Figure 6 also expands upon the ‘multiple sources of 

influence’ theme due to a limitation of space in Figure 5). 
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Figure 5: Thematic map of the main themes and sub-themes identified during data analysis of the qualitative interviews.  
NB: The ‘multiple sources of influence’ theme is further expanded in Figure 6 due to space limitations within this diagram. 
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Figure 6: Expansion of the ‘multiple sources of influence’ theme due to space limitations in Figure 5.
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The final stage of data analysis involved planning how to convey the emergent findings from 

the interviews in this thesis.  As in common practice in the reporting of qualitative research 

(Barbour 2014b; Green and Thorogood 2018), the Qualitative Results chapter (Chapter 4) 

begins to situate the findings of this study within the context of previous knowledge and 

theory and also considers their transferability to contemporary UK generations.  These 

processes are also continued in the Discussion chapter (Chapter 6), whereby the findings of 

this qualitative research are discussed in more detail in relation to previous knowledge and 

theory, and their implications for current policy and practice considered, alongside the 

findings of the quantitative study.  

The majority of the data analysis process was undertaken independently by myself.  

However, my supervisor, Professor Catherine Exley, reviewed the coded transcripts of the 

first two interviews with me and, together, we discussed and revised the codes applied.  She 

also reviewed the emerging coding framework with me on several occasions, challenging me 

about the content and meaning of codes and contributing to their refinement.  Likewise, 

myself and Professor Exley held several discussions about the emerging content and 

organisation of themes and sub-themes, how they situated within previous literature and 

about the presentation of the findings in this thesis.  Although the independent coding of all 

transcripts by two researchers, followed by the collaborative construction of a coding 

framework, can improve the validity of qualitative research (Burnard et al. 2008; Mays and 

Pope 1995), this was not practical within the constraints of this PhD. 

3.6.8: Reflexivity 

Reflexivity is the process of examining and explicitly recognising the effect that the 

researcher, or the social or political environment, may have upon the research process.  

Assuming an interpretivist stance, such factors are acknowledged to influence the research 

process in its entirety, from the development of a research question, through data 

collection, to data analysis and the generation of conclusions (Berger 2015; Green and 

Thorogood 2018).  The process of reflexivity is important in all research but is a particularly 

important component of maintaining rigour in qualitative research (CASP 2018; Mays and 

Pope 2000).  In this qualitative study, I believe the key issues relate to the influence of myself 

as the researcher on the data collection and data analysis processes and so I explore these 

two aspects below. 
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In qualitative interviewing, an interviewer’s personal characteristics, such as age, gender, 

race, social position and professional role, can influence the interviewer-interviewee 

relationship and the nature of their responses (Berger 2015; Green and Thorogood 2018; 

Richards and Emslie 2000; Williams and Heikes 1993).  With regard to these characteristics, 

perhaps the most important consideration in this research was the impact of my 

professional background as a dentist.  Indeed, previous evidence has specifically shown that 

disclosure of medical professional status can influence interview responses (Richards and 

Emslie 2000).  In light of this concern, my role was disclosed to the interviewees because it 

felt dishonest not to offer this information.  However, I emphasised to interviewees that I 

was approaching these interviews from the perspective of a researcher, not a dentist, and 

participants were encouraged to be open about their behaviours and assured they would 

not be judged.  Consequently, my general perception was that interviewees were open and 

honest – for example, many continued to reveal ‘negative’ oral health practices or to criticise 

dentists – but it may be that these responses had been tempered based upon participants’ 

knowledge of my role.  Indeed, participants did often ask for clinical advice or refer to my 

role as a dentist (for example, “you will know all about….”), demonstrating they continued to 

be alert to my professional role. 

My interviewing technique may also have influenced participants’ responses, particularly in 

light of my pre-existing beliefs and assumptions but also my relative inexperience as a 

research interviewer.  It was a challenge, especially initially, to put aside my pre-existing 

assumptions regarding what influenced how and why people cared for their oral health, 

constructed from my personal experiences with patients, previous research or my own 

personal oral health experiences.  Due to my inexperience as a qualitative interviewer, it was 

also a steep learning curve exploring how much prompting was necessary without overly 

guiding or restricting participants’ responses, exploring what type of language to use, 

remembering to use open questions and learning to be comfortable with silence.  Conscious 

of the above, however, I conducted two pilot interviews before the study interviews – with a 

parent in a similar age bracket to the NTFS study members and with a NTFS participant on 

the study’s steering group.  Reviewing the audio recordings and transcriptions of these pilot 

interviews subsequently allowed me to critique my interview approach, with the support of 

my supervisors.  This process led to refinement of my interview technique, as I identified 

occasions where I asked leading questions, cut short silences and missed opportunities for 
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further prompting.  This process of reflection was also continued throughout the main study 

interviews and my influence on individuals’ responses also constantly considered during the 

data analysis stage.   

Furthermore, I was also conscious of how my pre-existing beliefs might influence my 

interpretation of the data during the analysis process.  Due to my clinical dental background 

and prior studies in the natural sciences, rather than social sciences, I acknowledged my 

initial tendency to interpret accounts from a more clinical perspective than ‘social’ 

perspective.  Increasing my familiarity with social science literature, explicitly recognising my 

bias and conducting joint data analysis sessions with my supervisor, Professor Exley (a 

medical sociologist), helped to provide balance to my perspective.  For example, when 

analysing an extract from an initial interview, whereby a participant was discussing issues 

surrounding access to a dentist, I interpreted the key barrier as being a lack of an NHS 

dentist nearby (an issue I am very aware of due to my clinical background), whereas 

Professor Exley highlighted to a greater extent the concomitant psycho-social issues, such as 

the participant’s willingness to travel, the efforts they made to identify a dentist and their 

sense of personal responsibility related to their oral health.  Furthermore, due to my 

inexperience in analysing qualitative data, I acknowledge that I found it challenging initially 

to move from a more descriptive analysis, focused on describing the content of participants’ 

views, to a more analytical approach, involving the identification of patterns and 

relationships and the development of explanations and theories (Braun and Clarke 2006; 

Green and Thorogood 2018).  However, with perseverance and senior guidance, I feel I have 

made progress towards the latter, although acknowledge that such skills may only be fully 

embedded upon more extensive experience in this field.  

3.6.9: Managing issues of retrospective recall and period effects 

As previously mentioned (sub-section 3.6.1), use of the older NTFS birth cohort for this 

qualitative study presented disadvantages relating to: 1) the reliance on interviewees’ 

retrospective recall of past events, and 2) the impact of period effects on the transferability 

of findings to more contemporary generations.   

Regarding the former disadvantage, problems with remembering information were 

expressed in many interviews, especially in relation to memories from earlier lives.  The 
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account from Cynthia below, in which she is discussing why she started attending the dentist 

regularly around the age of 16, provides an example of this: 

“It would probably be just to look after my teeth, to make sure I didn’t lose any more if I 

could help it.  Because you’re a teenager, then you become a grown up and you want to 

do things for yourself and, I don’t know, I can’t remember.  I probably just thought it was 

the right thing to do…I’m just trying, my memory is struggling a bit.  I think 

probably…you didn’t have a dentist regularly but you had one you went to when you had 

a problem and I think…they then encourage you to go six monthly.  They get you to come 

back…I think that’s how I ended up as well going regularly, them just encouraging it.” 

However, although not uncommon, such explicitly recognised memory issues were generally 

restricted to specific memories within accounts, rather than being widespread concerns 

across whole interviews or a whole life stage.  Furthermore, the topics of discussion affected 

by such memory loss were generally very variable between accounts.  Hence, memory issues 

did not hinder a general understanding of the determinants of OHBs across the interview 

sample as a whole, even if the contributions of a particular account to a topic occasionally 

had to be discounted.  Crucially, where specific recollections were clearly compromised by 

recall issues, the contribution of these recollections to the research findings were modified 

accordingly during the data analysis stage.  For example, where statements were clearly 

complete speculation, these were not utilised.  Alternatively, where information was 

reputedly based on some recall but doubt was evident, its contribution was moderated.  

Nonetheless, it is accepted that some recall issues may not have been identifiable, i.e. where 

participants’ memories were unconsciously distorted by more recent events or where 

participants resorted to conjecture in their desire to provide a complete response.    

Regarding the impact of period effects on the transferability of the research findings to more 

contemporary populations, the solution was to explicitly consider such period effects in any 

interpretation and application of the data (see sub-section 4.3.4).  Indeed, several period 

changes were recalled in participants’ accounts, such as the changing influence of the media, 

and could also be postulated according to previous knowledge and evidence (Fielding 1999; 

Glenn 2005; Oláh et al. 2018).  That said, it is acknowledged that such a process relied to a 

certain extent on conjecture and postulation and was a research limitation. 
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3.7: The quantitative study 

The quantitative study aimed to model the contributions of determinant factors across the 

life course to oral health outcomes.  As outlined (Section 3.1), it involved additional data 

collection from the NTFS cohort, via a questionnaire, followed by a life course path analysis 

of the determinants of age 63 tooth loss in the NTFS cohort.  This section firstly justifies the 

use of the NTFS cohort for this study (sub-section 3.7.1), the reason for using path analysis as 

the statistical modelling technique (sub-section 3.7.2) and the selection of age 63 tooth 

retention as the oral health outcome measure (sub-section 3.7.3).  Subsequently, sub-

sections 3.7.4 to 3.7.9 address the selection of predictor variables for the life course path 

analysis.  Such variables were obtained from pre-existing NTFS data but also via the 

distribution of an additional questionnaire to NTFS participants as part of this research 

project.  Therefore, these sections include significant discussion regarding the design and 

robustness of this additional questionnaire.  Finally, sub-sections 3.7.10 to 3.7.17 provide the 

detail of the statistical methods used to conduct the life course path analysis.   

3.7.1: Study setting 

The NTFS cohort was utilised for this quantitative study as is it the only prospective birth 

cohort study in the UK to have measured dental outcomes in later life (as discussed in the 

literature review (sub-section 2.11.2)).  Hence, it provided a unique opportunity to achieve 

the objective of this quantitative study.  Indeed, two previously published studies have 

already used NTFS data to model the life course determinants of age 50 oral health 

outcomes, although these relied upon now superseded statistical techniques (hierarchical 

regression modelling), which resulted in significant limitations (Mason et al. 2006; Pearce et 

al. 2004).  The intention of this present study was to extend the above research, utilising 

measures of oral health from later in the life course (age 63) and utilising a more appropriate 

and contemporary statistical technique (path analysis). 

From the outset, the limitations of the NTFS cohort were acknowledged.  Perhaps most 

importantly, the study lacked existing life course data on some important determinants of 

oral health, particularly diet prior to the age of 50, life course oral hygiene behaviours and 

life course dental attendance behaviours.   

Additionally, there were concerns regarding the representativeness of the NTFS cohort of 

the general UK population.  Firstly, being a North-East birth cohort, the characteristics of this 
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cohort may have differed in some respects to the rest of the UK, due to regional variations in 

factors such as economic, cultural, social and healthcare environments (Marmot et al. 2020; 

ONS 2016).  For example, over the cohort’s lifetime, the economic profile of the North-East 

has been below average, compared to the rest of the UK (ONS 2016), whilst the North of 

England has suffered below average oral health outcomes and OHBs (Chenery 2011; Kelly et 

al. 2000).  Many NTFS participants have moved away from North-East England since birth, 

however; for example, 18% of those participating in the age 50 clinical assessment were 

resident outside of the north of England (Pearce et al. 2009b).  However, this only mitigates 

but does not eradicate the above limitation.   

Secondly, there is evidence that loss to follow-up in the NTFS cohort may have introduced 

some bias into the remaining cohort.  At age 50, 50% of the original cohort returned the 

main follow-up questionnaire (Pearce et al. 2009b) and this reduced to 38% at the age 63 

follow-up, with 30% attending for the age 63 dental examination (Table 11, Page 62).  Of 

those attending the latter, 55% were female, compared to 49% of the original cohort (Pearce 

et al. 2009b).  Furthermore, 23% were from unskilled or partly skilled social class groups at 

birth (the two lowest social class groups of the Registrar General’s Social Classification (OPCS 

1990)), compared to 32% of the original sample (unpublished data).   

Thirdly, it is arguable that the NTFS may have resulted in a ‘professional’ cohort who, having 

participated in research throughout the whole life course, may have an increased awareness 

of health – a phenomenon known as the Hawthorne effect (French and Sutton 2010; Godin 

et al. 2008).   

Despite the above limitations, the use of the NTFS cohort as a setting for this life course 

analysis was still deemed worthwhile, given the potential to collect absent life course 

information retrospectively, the importance of the research question and the absence of 

superior alternative cohorts.  Alternative settings for this research were considered.  

However, as stated, no other prospective birth cohort study in the UK had collected dental 

data beyond the age of 33 (Connelly and Platt 2014; Delgado-Angulo and Bernabe 2015b; 

Dudding et al. 2018; Skafida and Chambers 2018).  Alternatively, pre-existing UK prospective 

birth cohorts without existing measures of dental health could have been utilised – such as 

the 1946 British National Survey of Health and Development (Wadsworth et al. 2006) or the 

1970 British Cohort Study (Elliott and Shepherd 2006) – and dental outcomes measured via 

additional primary data collection.  However, such data collection, especially relating to 
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clinical measures, would have been too resource intensive within the limits of a PhD.  

Additionally, like the NTFS cohort, these cohorts are also limited by a lack of data regarding 

important OHBs, such as oral hygiene and dental attendance behaviours (Elliott and 

Shepherd 2006; Wadsworth et al. 2006). 

3.7.2: The path analysis technique 

As detailed in the literature review (sub-section 2.12.1), quantitative research utilising a life 

course approach to study the development of oral health and disease should employ 

statistical techniques which allow the modelling of complex paths and dependencies 

between variables across the life course (Crall and Forrest 2018; Newton and Bower 2005; 

Nicolau et al. 2007b).  Such techniques include hierarchical regression modelling, SEM and 

path analysis techniques (Bub and Ferretti 2014; Newton and Bower 2005; Streiner 2005; 

Victora et al. 1997).  These methods are superior to traditional regression modelling 

techniques because they take into account both the direct and indirect effects of predictor 

variables on outcomes (Figure 3b & c, Page 39) (Bub and Ferretti 2014; Newton and Bower 

2005; Victora et al. 1997).  In contrast, traditional regression modelling techniques treat the 

effects of proximal and distal determinants as being only direct and equally distant to the 

outcome (Figure 3a, Page 39), which causes the effects of more distal determinants to be 

underestimated (Newton and Bower 2005; Weitkunat and Wildner 2002). 

More specifically, path analysis was selected over hierarchical regression modelling for this 

study because it allows complex direct and indirect pathways between individual predictor 

variables and an outcome to be elucidated (Figure 3c, Page 39), rather than only paths 

between groups of variables (Figure 3b, Page 39) (Newton and Bower 2005; Victora et al. 

1997).  In the context of this research, this allowed the overall, direct and indirect effects of 

individual variables, rather than purely life course stages, on later life oral health outcomes 

to be elucidated. 

Furthermore, path analysis was selected over SEM for this study because the incorporation 

of latent variables was not required.  As previously discussed (sub-section 2.12.1), SEM is an 

extension of path analysis which allows the inclusion of latent variables – variables which 

cannot be measured directly but can be estimated by a number of other observable 

variables (Lei and Wu 2007).  The justification for not requiring latent variables was that the 

observable variables available within the existing NTFS dataset (and planned for collection in 
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the additional questionnaire) were considered sufficient to measure the predictor and 

outcome factors of interest, without the need to create latent variables.   

As evidenced in the literature review (sub-sections 2.12.2 and 2.12.3), path analysis has been 

used in many fields of research (Beran and Violato 2010; Garson 2014; Lei and Wu 2007; 

Streiner 2005) mainly over the past three decades and has been applied to oral health 

research in more recent years (Goettems et al. 2018; Lu et al. 2011).  In simple terms, it is an 

extension of multiple regression analysis and involves running a series of multivariable 

regression analyses simultaneously, for each relationship specified in a path diagram of 

causal relationships (Figure 3c, Page 39) (Garson 2014).  Distinguishing both the direct and 

indirect effects of predictor variables on an outcome, it can therefore provide an accurate 

representation of the contribution of different factors to an outcome, when analysing 

sequentially caused relationships (Garson 2014; Shipley 2016; Streiner 2005).   

Path analysis can be conducted via two techniques: 1) previously specifiying two or more 

path diagrams, based on previous theory and hypotheses, and testing and comparing these 

models, or 2) constructing a path diagram via an iterative process of model building and 

model trimming, based on the results of multiple sequential analyses (Shipley 2016; Streiner 

2005).  This research utilised the latter technique as its aim was not to test a previously 

hypothesised model, but to generate a model that best fit the NTFS data.  The broad process 

for this latter technique involves constructing an initial limited path model, often based on 

significant relationships identified by traditional multivariable regression analyses.  New 

variables and paths are then continuously added to this initial model, based on statistical 

indications plus theoretical knowledge and justification (Garson 2014; Streiner 2005).  

Concurrently, as the model evolves, non-significant paths are removed (Garson 2014).  The 

end point of this iterative process is a final path model which best fits the observed data, but 

is also based on sound, theoretically justifiable relationships (Garson 2014).  The fit of this 

model should subsequently be assessed via goodness-of-fit measures (Garson 2014).  Such a 

method of path model building is widely used (Mann et al. 2013; Pearce et al. 2012; Tennant 

et al. 2008). 

3.7.3: The outcome variable 

The outcome variable utilised in this quantitative study was natural tooth count at age 63.  

This measure was already available within existing NTFS study data, having been obtained 
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via a clinical dental examination at the Royal Victoria Infirmary (Newcastle upon Tyne) 

between January 2010 and October 2011, as part of the age 63 study follow-up.  The 

conduct of this clinical examination has already been described in detail in sub-section 3.2.2.   

The rationale for using natural tooth count as an indicator of oral health is its status as a 

common oral health outcome (Fuller et al. 2011), which is relevant to individuals, having 

positive effects upon chewing function (Bortoluzzi et al. 2012; Wright et al. 2018), aesthetics, 

psycho-social factors (Rousseau et al. 2014) and OHRQoL (Gerritsen et al. 2010).  Being an 

irreversible outcome, tooth count is also a cumulative measure of oral health experience 

across the life course and, therefore, appropriate for a life course study of the determinants 

of oral health.  Furthermore, being an outcome of multiple oral diseases, tooth count 

provides a broad, rather than narrow, reflection of life course oral health experience; 

evidence from across the UK over the last few decades has found that around a third (but up 

to 58%) of dental extractions in general dental practice were due to caries and around a 

third were due to periodontal disease (Hull et al. 1997; McCaul et al. 2001; Richards et al. 

2005) – the two most common oral diseases globally and in the UK (Dye 2017; White et al. 

2011).  The remainder were due to other factors, particularly trauma and orthodontic 

problems (Hull et al. 1997; McCaul et al. 2001; Richards et al. 2005).   

More specifically, tooth counts at both age 50 and 63 were previously obtained within the 

NTFS, but the age 63 tooth count was utilised as it reflects oral health experience across a 

longer period of the life course.   

The limitations of the use of tooth count, however, were acknowledged.  Firstly, the 

reflection of this outcome of broad oral disease experience can be a disadvantage as well as 

an advantage.  Specifically, the determinants of oral diseases vary between disease 

outcomes (as reviewed in Section 2.9 of the literature review) and, therefore, the 

determinants of tooth retention may not reflect the determinants of the individual disease 

components leading to tooth loss.  Furthermore, tooth loss only reflects a proportion of 

disease experience from these component causes, as only the most severe proportion of 

affected teeth are ultimately lost (Hirschfeld and Wasserman 1978; McLeod et al. 1997; 

Ramseier et al. 2017; Wriedt et al. 2010).  Tooth retention can also be influenced not only by 

disease experience but also by other factors, such as patient choice, dental attendance, 

treatment costs and dentists’ treatment decisions (Brennan and Spencer 2005; Kalsi and 

Hemmings 2013; Kay and Blinkhorn 1996).  It also does not reflect all oral diseases and 
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conditions, such as oral cancer or temporomandibular diseases, which still induce a 

significant burden (Berger et al. 2015; Oral Health Foundation 2020b).  Furthermore, and by 

no means of least importance, tooth count is a clinical measure of oral health, rather than a 

patient-orientated outcome.  Although tooth retention is generally associated with positive 

physical and psycho-social effects (Bortoluzzi et al. 2012; Gerritsen et al. 2010), the 

prioritisation of patient-orientated outcome measures (PROMs) has been advocated in 

recent years, to capture the impact of clinical conditions (Black 2013; NHS England 2015; 

Reissmann 2019). 

Despite the above limitations, tooth count is still a very useful oral health outcome measure 

and its use has been widespread in previous research exploring the life course determinants 

of oral health (as reviewed extensively in sub-sections 2.13.1 and 2.13.4). 

Finally, the rationale for not also utilising other oral health outcomes previously measured in 

the NTFS was that these were very limited.  As outlined in sub-section 3.2.2, the only other 

dental outcome measures obtained at age 63 included: a clinical assessment of the 

presence, or not, of dentures (a crude and not particularly useful outcome); a self-reported 

assessment of the presence, or not, of any loose teeth (a measure which demonstrates low 

sensitivity for identifying periodontal disease (Abbood et al. 2016) and does not reflect 

experience of other oral diseases); a single self-reported assessment of the frequency of oral 

pain experience across the life course (oral pain experience is a potentially useful PROM in 

itself (Aggarwal et al. 2005; Mittal et al. 2019) but, in the context of this research, not in the 

form of a single assessment of pain frequency over the entire life course); and a self-

completed Oral Health Impact Profile (OHIP) questionnaire (Slade 1997).  As a widely used 

and validated PROM (John et al. 2006; Larsson et al. 2004; Slade 1997), the latter could have 

been used as an additional outcome measure in this research.  This was not undertaken, due 

to the time constraints of a PhD, but could be considered in future research.   

In addition to the above measures obtained at age 63, clinical assessments of the number of 

grossly decayed/broken down teeth, visibly loose teeth and premolar and molar opposing 

tooth contacts were also obtained in the NTFS at age 50.  However, these were not utilised 

as they would have limited this study to the first 50 rather than 63 years of the life course, 

amongst other limitations.     
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3.7.4: Identification of potential predictors 

Table 16 outlines the information already available within the NTFS dataset, which was 

considered potentially relevant to an analysis of the life course determinants of tooth 

retention.   Final decisions on the pre-existing variables to be included, however, were 

dependent upon the information collected in the additional questionnaire data collection 

stage and, hence, are discussed further and confirmed in sub-section 3.7.9. 

Nevertheless, the justification for consideration of the above variables is as follows: there is 

some support for a role of birth weight in caries outcomes, based upon the contribution of 

low birth weight to the disruption of enamel formation and maturation, although findings 

have been contradictory (Nicolau et al. 2003a; Saraiva et al. 2007; Tanaka and Miyake 2014); 

extensive evidence supports the role of sex (Ferraro and Vieira 2010; Fuller et al. 2011; 

Ioannidou 2017), systemic health (Albandar et al. 2018; Anders and Davis 2010; Mathews et 

al. 2008) and socio-economic factors – such as education (Bernabe et al. 2011; Steele et al. 

2014) and social class (Fuller et al. 2011; Ramsay et al. 2018; Thomson 2012) – in 

determining oral health outcomes, including tooth loss, via their influences on behavioural, 

but also biological, pathways (Anders and Davis 2010; Gomaa et al. 2016; Hamasha et al. 

2006; Ioannidou 2017); it is well established that smoking and sugar consumption are key 

determinants of periodontal disease and caries, respectively (Moynihan and Kelly 2014; 

Warnakulasuriya et al. 2010), and, therefore, potential determinants of tooth loss (Tiwari et 

al. 2016; Warnakulasuriya et al. 2010); evidence supports the influence of dental attendance 

on caries, tooth loss outcomes and periodontal outcomes, although the latter is less well 

established (Alikutty and Bernabe 2016; Crocombe et al. 2012; Thomson et al. 2010); and 

the literature suggests that marital status influences oral health (Treasure et al. 2001; Zhang 

et al. 2016) and certainly general health (Kiecolt-Glaser and Newton 2001; Tatangelo et al. 

2017) via physiological and behavioural pathways.  In addition, the qualitative study in this 

PhD research provided evidence for the role of spouses in influencing OHBs (see Chapter 4). 
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Topic Information available Age and method of collection  

Birth Factors 

    Standardised Birth  
Weight 

Birth weight standardised for sex and 
gestational age, according to UK 1990 
Growth Reference Curves (Freeman et 
al. 1995). 

Midwives’ reports 

Demographics 

    Sex  Midwives’ reports 

Social Factors 

    Social Class According to Registrar General’s Social 
Classification (renamed Social Class 
based on Occupation in 1990) (OPCS 
1990).   
 
  
 
 

At birth and throughout childhood, up to 
age 15 (using information from household 
surveys). 
 
Age 25, 35 and 50 (using information from 
age 50 Health & Lifestyle questionnaire). 
 
Age 63 (using information from age 63 
Health & Lifestyle questionnaire). 

    Education Highest educational attainment Age 50 Health & Lifestyle questionnaire 

    Marriage Chronology of marital history Age 50 Health & Lifestyle questionnaire 

General health and disability 

   Health and disability Extensive medical information  Age 50 Health & Lifestyle questionnaire and 
clinical assessment. 

Extensive medical information and 
World Health Organisation Disability 
Assessment Scale (WHODAS 2.0) score 
(Üstün et al. 2010)  

Age 63 Health & Lifestyle questionnaire and 
clinical assessment. 

Behavioural factors 

    Smoking Detailed smoking histories  Age 15, 25, 35 and 50 (from age 50 Health 
& Lifestyle questionnaire). 
 
Age 63 (from age 63 Health & Lifestyle 
questionnaire). 

    Sugar consumption Average daily total sugar intake, 
calculated from the European 
Prospective Investigation into Cancer 
and Nutrition Norfolk Food Frequency 
Questionnaire (EPIC-Norfolk FFQ) 
(Bingham et al. 2001), using the FETA 
FFQ EPIC Tool for Analysis (Mulligan et 
al. 2014). 

Age 50 (via age 50 Health & Lifestyle 
questionnaire). 
 
Age 63 (via age 63 Health & Lifestyle 
questionnaire). 

   Dental attendance Current frequency of dental attendance Self-completed questionnaire at age 50 
dental examination. 

Whether attended dentist in last 
year/Whether registered with a dentist 

Asked by examiner at age 63 dental 
examination/Age 63 Health & Lifestyle 
questionnaire 

Table 16: Existing data available in the NTFS of potential relevance to a life course analysis of 
the determinants of tooth loss. 
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In addition, however, much information not previously collected in the NTFS was also 

deemed potentially key to the development of tooth loss.  As discussed in the literature 

review, oral hygiene is a well-established determinant of oral health, particularly caries and 

periodontal disease and, therefore, tooth loss (Axelsson et al. 2004; Broadbent et al. 2011; 

Turani et al. 2013).  Evidence also supports the role of dental anxiety in oral health 

outcomes, particularly caries and tooth loss (Kisely et al. 2015).  Furthermore, research has 

demonstrated a role of parental influence in childhood and even adulthood oral health 

outcomes, including tooth loss (Broadbent et al. 2016; Castilho et al. 2013), whilst parental 

influence was also perceived to be a key determinant factor in the qualitative component of 

this research study (see Chapter 4).  However, no data on the above determinants was 

available.   

In addition, although data regarding dental attendance and sugar consumption at ages 50 

and 63 were already available in the NTFS (and its relevance acknowledged earlier in this 

sub-section), such information pertaining to other points across the life course was not 

available (Table 16).  Similarly, although marital history information was collected at age 50 

(Table 16) (and its relevance acknowledged above), such information was not updated at the 

age 63 follow-up.  Lastly, information was also absent regarding the perceived involvement 

of partners and spouses in influencing study members’ oral health, although partners and 

spouses emerged as key sources of influence in the qualitative study within this PhD (see 

Chapter 4). 

In light of the potential key relevance, but lack of availability, of the above information, the 

decision was made to collect self-reported current and retrospective information on these 

factors via a questionnaire sent to NTFS participants.  Self-reporting was the method of 

choice (or only option) for assessing most of these factors, other than for dental attendance 

(where dental records could have been used) and current oral hygiene (where clinical 

assessments of plaque could have been undertaken).  However, within the constraints of this 

PhD, and in light of evidence demonstrating good validity of self-reported dental attendance 

(Gilbert et al. 2002) and oral hygiene measures (Gil et al. 2015), self-reporting was deemed 

most appropriate.  Furthermore, a self-completed questionnaire, rather than interviewer-

administered questionnaire, was selected given resource availability within this PhD, the 

high compliance rates expected of this longstanding cohort, the reasonably short and simple 

nature of the questionnaire and the minimisation of social desirability and interviewer bias 
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associated with this approach (McColl et al. 2001).  Hereafter, this questionnaire is referred 

to as the age 69 dental questionnaire and is included in Appendix G. 

3.7.5: Questionnaire design and testing strategy 

The key quality aims in relation to quantitative survey research are to collect information 

that is valid, reliable, unbiased and discriminating (McColl et al. 2001).  Validity refers to the 

ability of a question to measure the concept that is intended to be measured and can be 

tested via several processes: seeking the opinions of lay individuals (such as colleagues, 

friends or family) as to whether ‘on the face of it’ questions seem to address what is 

intended (face validity), review by a panel of experts in the field (such as researchers, 

clinicians and members of the target population) to ensure questions assess all aspects of a 

concept (content validity), and results analysis (McColl and Thomas 2000).  The latter 

includes assessing whether statistical relationships are as expected, such as comparing 

correlations between measures targeting similar concepts (construct validity), assessing 

correlations with gold standard methods or outcomes (criterion validity), and assessing 

whether results reflect levels and distributions expected in the target population (freedom 

from absolute bias) and subpopulations (freedom from relative bias) (McColl and Thomas 

2000).  Reliability refers to whether a measure is consistent and, in the context of self-

completed questionnaires, can be assessed via test-retest and internal consistency statistics 

(McColl and Thomas 2000).  The former assess whether results provided by the same 

individual are reproducible at two different time points.  The latter assess whether multiple 

questions measuring the same or related concepts yield consistent results.  Furthermore, 

unbiased results are those which are not systematically different from the truth as a result of 

any part of the research process (McColl and Thomas 2000), whilst discrimination refers to 

the ability of questions to distinguish sufficiently between individuals who display different 

levels of the concept being measured (McColl et al. 2001).  Ensuring quality in relation to the 

above measures was an important consideration in relation to the age 69 dental 

questionnaire and was considered at each stage of the iterative process of questionnaire 

drafting, testing and refinement, and also the initial data analysis stage.   

In overview, the initial drafting stage was informed by a review of the following: previous 

literature on topics of interest; previous surveys of relevance; and existing evidence and 

theory relating to questionnaire design (Eysenbach 2004; Fink 2003; Fowler 1995; Gromshaw 

2014; McColl et al. 2001; McColl and Thomas 2000).  In addition, advice from supervisors 
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and other relevant experts – such as Professor Paula Moynihan (Professor of Nutrition and 

Oral Health at Newcastle University) – was sought.  The questionnaire then went through a 

process of testing and refinement.  The first stage (‘stage one’) involved review by five lay 

individuals of a similar age to the study members – my two parents, two family friends and 

Katharine Kirton (the Senior Research Administrator who provided some administrative 

support for this study).  Next, ‘stage two’ involved review by the two NTFS participants in the 

NTFS steering group.  Finally, ‘stage three’ involved conducting a focus-group review with 

five members of ‘Voice North’, a well-established, large, local public engagement group set 

up by Newcastle University to provide public involvement in ageing research.  A high 

response was received from Voice North members following an online advertisement 

targeted at individuals born between 1944 and 1950 (32 offers to take part).  Therefore, to 

best reflect the characteristics and diversity of the NTFS cohort, six members were selected 

(one could not attend on the day), who were all born in the North-East of England and 

included both males and females and a range of education histories and previous occupation 

groups.  The refined questionnaire following the latter focus group was subsequently 

reviewed again with two new and two previously involved lay individuals of a similar age to 

NTFS members (‘stage four’) – my two parents and two other family members.   

At each of these stages of testing, a ‘debriefing interview’ process was used, whereby 

participants were allowed to complete the questionnaire independently and then were 

retrospectively questioned about this process.  This debriefing process was thorough and 

involved discussing each section of the questionnaire in depth, probing a multitude of topics, 

such as: whether questions were clear and understandable; whether participants could 

remember the required information; the cognitive processes they used to retrieve 

information; the appropriateness and range of response categories available; and the layout 

and visual aspects of the questionnaire.  This debriefing process evolved through stage one 

to stage four of the review process, to meet the needs of each review stage.  Broadly 

speaking, the justification for a four-stage review process was to seek feedback from a 

diverse range of participants, but also to allow the questionnaire to be repeatedly re-

evaluated as modifications were made.  

Finally, at the data analysis stage, a number of tests of validity were conducted, where 

possible, including tests of construct validity and criterion validity.  It is acknowledged that 

there was a limitation to what was achieved using the above post-hoc validity tests, 
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particularly in relation to the tests of criterion validity, which were only possible for two 

measures (frequency of dental attendance and daily sugar consumption at age 50).  

Moreover, tests of reliability were not conducted.  Ideally, each of the previously 

unvalidated measures included in this questionnaire should have undergone comprehensive 

reliability and validity testing (McColl et al. 2001).  However, due to time and resource 

constraints within this PhD, and also due to my inexperience relating to questionnaire design 

in the earlier stages of this PhD, this was not always achieved.   

The above processes of questionnaire design and testing are subsequently discussed in more 

detail in sub-sections 3.7.6 and 3.7.8. 

3.7.6: Details of questionnaire design and testing 

Questions relating to the frequency of tooth brushing were included in the age 69 dental 

questionnaire as a measure of oral hygiene, as plaque is the causative agent of caries and 

periodontal disease (the primary causes of tooth loss) (Selwitz et al. 2007; Turani et al. 2013) 

and tooth brushing the primary mode of plaque removal.  It was acknowledged that tooth 

brushing frequency may not necessarily reflect effectiveness of plaque control but, in the 

absence of clinical assessments, this measure was the best alternative.  Some evidence also 

supports the validity of this proxy measure of plaque control in epidemiological studies (Gil 

et al. 2015), and it has been widely used in national (Chadwick et al. 2011; Ministry of Health 

2010) and longitudinal oral health studies (Broadbent et al. 2016; Peres et al. 2011a; Polk et 

al. 2014).  Measurement of other oral hygiene measures was also considered, such as use of 

mouthwash or the fluoride content of oral hygiene products used, but these were excluded 

because mouthwash has only been commercially available over the latter few decades of 

participants’ lives, whilst research (Martin et al. 2019) and anecdotal clinical experience 

suggests that awareness of fluoride content in toothpaste is low.   

The response categories selected for this tooth brushing question were those used in the 

most recent UK Adult Dental Health Survey (ADHS) (O'Sullivan et al. 2011).  Throughout all 

stages of testing, the wording and response options to this question were well received and 

no additional refinement was required.  This question was asked retrospectively in relation 

to the ages of 15, 25, 35, 50 and 60, as these time points captured key stages across the life 

course without being excessive in number.  Time points earlier than age 15 were not 

included – a study limitation – due to concerns of myself and supervisors, and supported by 
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reviewers, about the ability to recall events prior to this age.   It is acknowledged that no 

studies have previously tested the robustness of retrospective recall of tooth brushing 

frequency.  During the questionnaire testing process, the majority of reviewers were 

confident in their abilities to recall tooth brushing behaviours at the included ages, although 

four out of the twelve reviewers (the two family friends and two NTFS steering group 

members) reported that they were not completely confident in their recall relating to the 

earlier included time points.   

Frequency of attending the dentist for a check-up was utilised as a measure of dental 

attendance, because it is this aspect of dental attendance that is considered the most 

important determinant of oral health (Crocombe et al. 2012; Thomson et al. 2010).  The 

validity of self-reported measures of dental attendance have also been demonstrated 

(Gilbert et al. 2002) and such measures have been widely used in previous national (ARCPOH 

2019; Ministry of Health 2010; Morris et al. 2011) and longitudinal (Crocombe et al. 2012) 

studies.  The question utilised in this study was based upon that used in the UK 2009 ADHS 

(O'Sullivan et al. 2011), but the response options were altered to remove the associated 

ambiguity.  In the ADHS, such options included ‘regular check-up’, ‘occasional check-up’ and 

‘only when having trouble’ (O'Sullivan et al. 2011), whereas options in the age 69 dental 

questionnaire included ‘at least once every year’, ‘at least once every two years’, ‘less 

frequently than every two years’ and ‘only when having trouble’.  These time periods were 

selected to allow conformance with ‘National Institute for Health and Care Excellence’ 

guidelines to be distinguished, which advise that under eighteens and adults should attend 

at least yearly and two-yearly, respectively (NICE 2004).  The question wording and response 

options were positively reviewed throughout the testing process and no refinement was 

necessary.  The frequency of dental attendance was measured in relation to multiple ages 

across the life course, as for tooth brushing frequency.  Again, no studies were identified 

which had previously tested the robustness of retrospective recall of dental attendance 

patterns.  Throughout the testing process, reviewers were generally confident in their 

abilities to recall this information, apart from two of the twelve reviewers (the two family 

friends), who were reasonably, but not completely confident, in their recall relating to the 

earlier time points.  Other life course studies have also relied upon such retrospective recall 

across similar time periods to this study (Holst and Schuller 2012; Listl et al. 2014). 
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Anxiety about visiting the dentist was measured using the Modified Dental Anxiety Scale 

(MDAS), a five-item questionnaire summed together to produce a Likert scale response, 

which was developed in the UK and first published in 1995 (Humphris et al. 1995).  This 

measure of dental anxiety is intended for both clinical and research purposes (Humphris et 

al. 2009), is widely used (Dailey et al. 2001; Vainionpää et al. 2019; Wong et al. 2020; Zinke 

et al. 2018) and has been extensively validated for use in the UK, showing consistently high 

validity, reliability and discrimination properties (Humphris et al. 2009; Humphris et al. 2000; 

Humphris et al. 1995; Newton and Edwards 2005).  Although concerns have been raised that 

the MDAS does not measure the multidimensional component of dental anxiety in full 

(Armfield 2010), it is considered superior to several other measures (Armfield 2010).  The 

MDAS assessment was included in the age 69 dental questionnaire as a measure of current 

dental anxiety (Humphris et al. 2009), although the intention was to use this assessment as a 

proxy measure of dental anxiety over the latter years leading up to the age of 63 (the age at 

which the outcome of tooth loss was measured).  However, it is acknowledged this is not 

without its limitations.  In addition, in an attempt to measure dental anxiety earlier in the life 

course, a single question attempting to summarise the MDAS questionnaire was asked in 

relation to the ages of 15, 25, 35, 50 and 60: “How would you have felt if you needed to go 

the dentist for treatment?”.  It is acknowledged that this question itself as a single measure 

of dental anxiety is unvalidated and, in addition, that the validity of retrospective 

assessment of dental anxiety has not been previously explored.  However, throughout the 

testing process applied to this age 69 dental questionnaire, views regarding the validity and 

perceived reliability of these retrospective questions were positive. 

The dietary sugar consumption section included in this questionnaire was, by far, the most 

challenging to design, requiring repeated modifications.  Only limited previous research has 

explored retrospective dietary recall relating to distant time periods and has generally 

involved the use of comprehensive food frequency questionnaires (Chavarro et al. 2009; 

Eysteinsdottir et al. 2011; Fraser et al. 1998; Friedenreich et al. 1992).  Findings regarding 

the robustness of such retrospective measures are mixed, and the evidence suggests this 

generally decreases with more distant time periods (Friedenreich et al. 1992).  Comparable 

to the age groups and recall periods being proposed in the present questionnaire, a study of 

Icelandic adults aged 56 to 72 years found that recall pertaining to 18 or 19 years earlier was 

reasonably acceptable for most but not all food groups, although the food groups tested did 
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not include carbohydrates or sugary foods (Eysteinsdottir et al. 2011).  Another study found 

that recall in US adults aged 49 to 76 years pertaining to adolescence was reasonable for 

some food groups, but not for overall diet or for carbohydrate groups (Chavarro et al. 2009).   

Given the uncertain robustness of such comprehensive food-frequency questionnaires when 

applied to distant recall periods, the decision was made to devise a new and simpler 

assessment of past sugar intake, which would likely be less challenging to respondents’ recall 

abilities.  It was identified that the most desirable information related to the frequency 

rather than the amount of sugar consumption, as the former rather than the latter is most 

relevant to dental caries initiation and progression (Van Loveren 2019).  In addition, with 

expert input from Professor Paula Moynihan (a Professor of Nutrition and Oral Health at 

Newcastle University), it was supposed that asking respondents to align themselves with 

examples of daily dietary patterns (a ‘scenario-based’ question) would be more robust than 

asking them to recall their exact daily frequency of sugar consumption (a ‘direct’ question).  

These factors led to the development of an initial scenario-based question (Appendix H), 

requiring respondents to identify the daily sugar consumption pattern most similar to their 

own (at the ages of 15, 25, 35, 50 and 62) from three given examples.   

This initial question was subsequently modified after stage one and two testing.  The 

modifications to the scenario-based question firstly involved restructuring the verbose 

dietary examples into simple lists of times when sugary intakes occurred (Appendix I).  This 

was in response to feedback at stage one testing that there was too much information to 

assimilate and that discrimination between the examples was influenced by the types of 

foods included, as well as the frequency of sugary intakes.  Secondly, food and drink 

examples were re-introduced to these simplified lists (Appendix J), in response to stage two 

feedback that this helped clarify the sort of products considered ‘sugary’.  

Alongside the scenario-based question, a direct question was also trialled at stage two and 

stage three testing, following responses at stage one testing that a direct question might be 

preferable.  This question was newly devised in the absence of any pre-existing previously 

validated question, but was based upon simplified assessments of current sugar 

consumption frequency used in other surveys (Kumar et al. 2017), including the most recent 

UK Adult and Child Dental Health Surveys (Anderson et al. 2015).  The key difference 

between this newly devised question and previous examples was that, whilst others sought 

the frequency of consumption of individual products, such as cakes, sweets, biscuits and soft 
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drinks, this question sought a single assessment of the daily frequency of sugar consumption 

in general, the intention being to provide a more useful measure of the overall frequency of 

sugar intake.  At stage two and three testing, this direct question was unanimously preferred 

over the scenario-based question.  This was primarily because respondents often could not 

relate to the scenarios provided if the particular times of day and particular sugary products 

cited did not match their own experiences.  Therefore, this direct question, rather than the 

scenario-based question, was ultimately included in the final questionnaire (Appendix H).  

The only modification made to this direct question throughout the testing process was the 

addition of an example of question completion, using the fictional case of ‘Mr Smith’, which 

was added following feedback at stage three testing.   

Nevertheless, at each stage of review, there consistently remained some uncertainty 

regarding abilities to recall the required information, certainly more than for other 

questions.  Most reviewers were reasonably confident in their abilities, but one NTFS 

participant and one Voice North participant expressed moderate uncertainty about their 

recall relating to the earlier time points, whilst one Voice North participant expressed 

significant uncertainty.  

The influence of parents and spouses/partners on oral health was assessed by two newly 

devised questions, which asked respondents to rate the influence of the former in 

childhood, and the latter in adulthood, on how they had looked after their teeth.  A review 

of the literature found multiple pre-existing surveys designed to measure parenting styles 

(Olivari et al. 2013; Parker et al. 1979; Schaefer 1965; Touliatos et al. 2001) and various 

aspects of marriage and couple relationships (Child Trends 2003; Reynolds et al. 2014), some 

of which had been used in previous research exploring the determinants of oral health 

(Dabawala et al. 2017; Kumar et al. 2017).  However, none of these directly measured the 

concept of interest in this research – the influence of such family members specifically on 

OHBs – hence, the decision to generate a new measure.  This newly devised measure was 

positively reviewed at each testing stage, including testing of face and content validity, 

perceptions of information recall and reliability, the language used, and the appropriateness 

and discrimination of response categories.  Hence, no modifications were made throughout 

testing.  However, it is acknowledged that the above does not constitute a comprehensive 

assessment of the psychometric properties of this measure (McColl et al. 2001) and that, on 

reflection, this could have been improved by including additional processes, such as test-
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retest procedures and tests of internal consistency.  Moreover, the potential for recall bias is 

a particular concern, such that memories may be vague or biased by more recent 

circumstances, although research suggests that simple information regarding parental 

factors in childhood is accurately recalled across all stages of adulthood (Berney and Blane 

1997; Krieger et al. 1998). 

Finally, marital history information was updated, by asking respondents to provide dates for 

any changes in marital status between 1996 and 2002.  This was the period between the age 

50 follow-up (at which marital information was already obtained (Table 16)) and the age at 

which the tooth retention outcome was measured (age 63).  This question was positively 

reviewed throughout testing, and only minor changes to the question wording were made in 

response to feedback.  Previous research suggests that retrospective recall of dates of 

marital status change is very accurate (Mitchell 2010). 

More generally, in accordance with established guidance (McColl et al. 2001), the aim 

throughout the questionnaire was to be as concise as possible, to use non-leading and non-

technical language and to keep phrasing and grammar simple and straightforward.  The 

order of questioning was considered, aiming for a logical sequence to topic ordering, whilst 

avoiding the positioning of more complicated questions (e.g. the diet question), or more 

sensitive questions (e.g. the dental anxiety questions), towards the beginning of the 

questionnaire.  Layout and visuals were also considered, such as selecting a sufficient text 

size, using headings and colour coding to lead respondents through the questionnaire, and 

achieving a clear, consistent and non-cluttered appearance.  Such aspects were positively 

reviewed throughout testing and only minimal changes were necessary.   

3.7.7: Questionnaire distribution and response rates 

The diagram in Figure 7 illustrates the selection of the sample for distribution of this age 69 

dental questionnaire.  The intended sample was the NTFS study participants who attended 

for the dental examination at age 63 (n=343) – at which the outcome variable of tooth 

retention was measured – but who had also completed both the age 50 and age 63 Health 

and Lifestyle questionnaires – via which much of the relevant potential predictor 

information had been collected.  This resulted in a distribution sample of 296 participants.  

Of these intended recipients, five had been notified to the study team as deceased, whilst 

three had been recorded as no longer living at the address on file.  Hence, questionnaires 
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were distributed to the remaining 288 individuals.  All of these individuals lived in the UK, 

apart from six individuals, one each of whom lived in Mallorca and South Africa and two 

each of whom lived in Spain and Canada. 

 

Figure 7: Flowchart showing the process of sample selection for distribution of the age 69 
dental questionnaire. 
 

The initial method of questionnaire distribution was via postal delivery (utilising self-

addressed and stamped return envelopes), in line with previous practice in the NTFS – e-mail 

addresses are not routinely available for all study participants.  However, for one UK 

individual, who only had an active e-mail address but no postal address available, and for 
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two overseas participants, who had e-mail addresses available, electronic questionnaires 

were initially distributed via e-mail.  The paper questionnaire, initially created using Adobe 

Acrobat DC® software, was easily converted to an electronic format by adding self-

completion tick and text boxes.  Participants needed a version of Adobe Reader® to 

complete the questionnaire and returned their responses via e-mail.  Consideration was 

given to creating an online version of the questionnaire, using programmes such as Survey 

Monkey® or Newcastle University’s ‘Form Builder’ software, but this would have involved 

significantly changing the layout and formatting compared to the paper questionnaire, so 

the former electronic Adobe option was preferred.  The technological process of 

downloading the appropriate software (if necessary) and electronically completing the 

questionnaire was thoroughly tested with three of the lay individuals and two of the NTFS 

participants previously involved in the questionnaire testing process. 

The response after this initial distribution wave was 81.3% (234 out of 288).  Six weeks after 

initial distribution, non-respondents were sent a further questionnaire via post and via email 

(if a working address was available, which it was for 23 out of the 54 non-responders).  This 

second wave of follow-up achieved a further 6.6% response (19 out of 288).  After a further 

three weeks, non-respondents were contacted by telephone, if a working contact number 

was available (which it was for 15 out of the remaining 35 non-responders).  Of these fifteen 

individuals, contact was made with thirteen individuals.  Eight of these ultimately returned a 

completed questionnaire either via post or e-mail.   

Overall, 261 (90.6%) questionnaires were returned (4 online and 257 by post), one 

notification was received of a participant death and 26 questionnaires (9.0%) were 

unreturned.  Questionnaires were all distributed and returned between August and 

November 2016, when participants were age 69.  This excellent response rate was expected 

due to the known high compliance rate within the targeted sample.  However, this response 

was also maximised (from an initial rate of 81% to a final rate of 91%) by a comprehensive 

follow-up process.  Such high survey response rates of long-term responders within the NTFS 

study have been previously demonstrated in other research (Mann 2017).   

Data input of the survey responses was completed by Katharine Kirton (Senior Research 

Administrator at Newcastle University) using Microsoft Excel®.  I subsequently transferred 

this dataset to the STATA® programme (Version 13, StataCorp), which was used to perform 

the post-hoc assessments described below. 
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3.7.8: Post-hoc assessment of questionnaire psychometrics  

The low prevalence of missing responses across the returned age 69 dental questionnaires, 

overall and relating to individual questions, was an encouraging sign that respondents felt 

able to recall the required information.  Within the 261 returned questionnaires, the overall 

prevalence of missing responses was 2.95%, ranging from 0 to 5.36% across individual 

questions (a maximum of 14 out of 261 responses).  Missing responses were highest 

(although still low) for the daily tooth brushing frequency and dental attendance frequency 

questions (consistently between 3.8% and 5.4%), slightly lower for the sugar consumption 

frequency questions (consistently between 2.7% and 3.8%), lower again for the dental 

anxiety questions (consistently between 0.8% and 2.3%) and very low for the parental and 

spousal influence questions (0.4% and 0% respectively).  For all of the topics covered, there 

was no pattern to the prevalence of missing responses according to the age focus of the 

question, i.e. there was no increase in missing data for questions pertaining to earlier life 

compared to more recent adult life.   

Although encouraging, this low prevalence of missing responses is not confirmatory 

evidence of respondents’ abilities to reliably and accurately recall past events, however, as 

the desire to provide a complete response must be considered.  Indeed, five participants 

included comments on their questionnaires relating to issues with recall (Table 17), 

supporting such concerns.  These pertained to a variety of topics and predominantly, but not 

exclusively, to earlier life. 

Question topic Comment 

Age 15 tooth brushing  Before, or at age 15, not sure how often I brushed my teeth.  My 
memory of my early years is vague. 

Age 15 dental attendance  Not sure. 

Age 15, 25 and 35 sugar consumption A guess, can barely remember. 

Age 15 sugar consumption Can't remember. 

General comment Having looked at your questions, I'm afraid I could not answer them 
at the ages you are asking! I would just be putting anything down so I 
would not be a true questionnaire. 

Table 17: Respondent comments on returned age 69 dental questionnaires, relating to issues 
with memory recall. 
 

Results analysis provided an opportunity to further assess the criterion validity of the age 50 

measures of dental attendance and sugar consumption, as related measures had previously 
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been obtained prospectively at the original age 50 follow-up (Table 16).  The Spearman’s 

rank correlation coefficient (the appropriate non-parametric test to assess the association 

between an ordinal and continuous variable) between the frequency of daily sugar 

consumption at age 50 (as recorded retrospectively in the age 69 dental questionnaire) and 

the average daily total sugar intake at age 50 (calculated contemporaneously from the 

European Prospective Investigation into Cancer and Nutrition-Norfolk Food Frequency 

Questionnaire (EPIC-Norfolk FFQ) at the original age 50 follow-up) was statistically significant 

but weak (ρ=0.1623, p=0.0106, n=247).  The coefficient between the equivalent measures at 

age 63 was also weak but non-significant (ρ=0.1148, p=0.0695, n=251).  Although these 

relationships would not be expected to demonstrate perfect correlations, as the involved 

variables measure different aspects of daily sugar consumption (frequency and amount), 

such weak or non-existent relationships are concerning given evidence of strong correlations 

between the amount and frequency of sugar intake in the literature (Bernabé et al. 2016; 

Moynihan et al. 2018).   

Correspondence between the frequency of age 50 dental attendance recorded 

contemporaneously at the age 50 follow-up, and retrospectively in the age 69 dental 

questionnaire, showed reasonable concordance (Table 18).  However, this could only be 

assessed to a certain extent, as the different questions and response options in the former 

and the latter do not map directly to each other in a mutually exclusive manner.  Of 

particular note: of the 121 individuals reporting regular check-ups in the contemporaneous 

age 50 assessment, the vast majority reported at least once yearly, or at least biennial, 

dental check-ups in the retrospective assessment; of the 25 individuals contemporaneously 

reporting occasional check-ups, 21 retrospectively recalled attending for dental check-ups at 

some level of frequency; however, of the 4 individuals contemporaneously reporting never 

visiting the dentist, all retrospectively reported attending for dental check-ups at some level 

of frequency. 
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  Contemporaneous age 50 questionnaire. 
“Do you see your dentist nowadays for…?” 

  Regular  
check-up 

Occasional 
check-up 

Only when 
having trouble 

Never see a 
dentist 
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At least once 
per year 

112 17 10 3 

At least once 
every 2 years 

4 2 1 0 

Less 
frequently 
than every 2 
years 

2 2 3 1 

Never/only 
when trouble 

3 4 6 0 

Table 18: Concordance in age 50 dental attendance responses between the retrospective age 
69 dental questionnaire and the contemporaneous age 50 Health and Lifestyle questionnaire 
(n=170).  
 

Finally, an assessment of construct validity was possible for the majority of the questionnaire 

measures, according to whether results between groups were as expected (McColl and 

Thomas 2000).  Using the characteristic of gender as a suitable comparator, data from the 

decennial UK ADHS series since 1968 suggest that daily tooth brushing frequency, regularity 

of attendance for dental check-ups and dental anxiety have been consistently higher for 

females than males over the majority of the life course of the NTFS participants (Chadwick et 

al. 2011; Gray et al. 1970; Kelly et al. 2000; Morris et al. 2011; Nuttall et al. 2011a; Todd and 

Lader 1991; Todd and Walker 1980; Todd et al. 1982; Tsakos et al. 2015).  National UK 

dietary surveys conducted over the last three decades have also consistently found sugar 

consumption to be lower in females (Bates et al. 2011; Roberts et al. 2018).  Furthermore, 

literature in the general health field suggests that the influence of females on partners’ 

health behaviours is generally more positive than the influence of males, as a result of better 

health behaviours in women and greater tendencies to coerce the behaviours of others 

(Norcross et al. 1996; Umberson 1992; Umberson et al. 2018).  Encouragingly, the 

questionnaire data replicates all of the above expected trends (Appendix K). 

3.7.9: Final potential predictors 

The final potential predictor variables included in the life course path analysis of the 

determinants of tooth loss are illustrated in Figure 8 (which also represents their point of 
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occurrence across the life course).  This final list of variables was selected based upon a joint 

evaluation of the relevant data available in the pre-existing NTFS dataset (see sub-section 

3.7.4) and the robustness of the new data collected in the age 69 dental questionnaire 

(discussed in sub-sections 3.7.6 and 3.7.8) plus considerations of sample size requirements in 

path analysis.  This section reports upon these final decisions and also documents the 

specific details of each final potential predictor variable.  
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Figure 8: Diagram of the final predictor variables included in the quantitative path analysis. 
Variables are positioned at the approximate point (or period) of occurrence across the life course.  
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An important consideration in the production of the final list of potential predictor variables 

was the sample size requirements of the path analysis technique.  An a priori calculation of 

the maximum number of predictor variables that could be included in the path model 

building process was not possible.  This is because sample size requirements in path analysis 

are based upon the number of parameters to be estimated, which is the sum of the number 

of variables in a model (whose error variances must be estimated) and the number of paths 

specified in the model (Garson 2015).  When constructing a path diagram via an iterative 

process of model building and model trimming (described in sub-section 3.7.13), this 

number of parameters to be estimated is unknown at the outset.  Therefore, the aim was to 

include all relevant predictor information in as concise a number of variables as possible, and 

to check sample size requirements were met upon completion of model building.  As a 

general guide, research suggests that, when using maximum likelihood estimation (as in this 

research – discussed further in sub-section 3.7.13), the sample size should be at least five 

times the number of parameters to be estimated, if data distributions are normal, but at 

least ten times larger for more arbitrary distributions (Bentler and Chou 1987; Kline 2016).  

Exploratory attempts at path model building suggested that meeting such requirements was 

realistic.   

Sex and standardised birth weight were included as final potential predictors.  In addition to 

their potential relevance to an analysis of tooth loss (see sub-section 3.7.4), there were no 

concerns about the robustness of these variables, having been constructed from data 

obtained prospectively from midwives’ reports (Table 16).  These variables were used in 

their original binary and continuous forms, respectively.   

Variables reflecting both social class and education level were included, as these 

characteristics reflect different socio-economic elements and may influence oral health 

outcomes in different ways (Steele et al. 2014).  Specifically, two social class variables (at 

birth and at age 50) were included to provide information about social class across the life 

course, without including an excessive number of variables.  The social class measures were 

likely robust as these were based upon a widely used and validated measure of social class 

(the Registrar General’s Social Classification, renamed Social Class based on Occupation in 

1990 (OPCS 1990)), derived from prospective self-reported information (Table 16).  The 

education level variable, based upon self-reported, highest level of educational attainment 

at age 50 (Table 16), was also assumed to be reasonably robust (although no evidence could 
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be identified to refute or support this).  Both social class and education level variables were 

condensed to binary variables (as for all other categorical predictors), in an attempt to 

reduce the number of parameters to be estimated and, therefore, better satisfy sample size 

requirements.  The risk of losing detail in this process was acknowledged but was balanced 

against the sample size requirements.  Education level responses were collapsed into ‘below 

A-levels’ and ‘A-Levels or above’, primarily based upon generating similar group sizes.  

Similarly, the social class responses were collapsed into ‘unskilled/partly skilled’ and 

‘skilled/managerial and technical/professional’ groups. 

The total number of years married (or in a civil partnership), utilised as a continuous 

variable, was selected as the best measure of marital status, as it provided a longitudinal 

measure reflecting the whole life course.  As previously discussed, although the information 

used to derive this variable was self-reported retrospectively at ages 50 and 69, the 

robustness of such reporting in relation to marital changes is supported by previous research 

(Mitchell 2010).  The measure of spousal/partner influence on adult OHBs (obtained from 

the age 69 dental questionnaire) was not also included, given the need to restrict the 

number of predictor variables where possible and the less certain robustness of this 

subjective measure (sub-section 3.7.6). 

Despite similar uncertainties about the robustness of the measure of parental 

encouragement to look after one’s teeth in childhood (obtained from the age 69 dental 

questionnaire) (see sub-section 3.7.6), this measure was included as a final potential 

predictor variable.  The rationale for this was the potential key importance of this 

information (see sub-section 3.7.4), support for the validity of this measure throughout the 

questionnaire testing process (where this was tested) and from previous research (sub-

section 3.7.6), and the absence of an alternative more superior measure.  This was 

condensed to a binary variable with the categories ‘strong/moderate’ and ‘little/no’ parental 

encouragement, governed by logic and the aim to producing categories of a similar size. 

The total MDAS score, assessed in the age 69 dental questionnaire and ranging from 5 to 25, 

was included as a final potential predictor variable, as this measure had previously been 

extensively validated (see sub-section 3.7.6).  In addition to this variable (used as a measure 

of dental anxiety in later adulthood), a second dental anxiety variable was also included, 

comprising the sum of the scored responses to the single dental anxiety question completed 

retrospectively for ages 15, 25 and 35 in the age 69 dental questionnaire (ranging from 3 to 
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15).  Despite being a previously unvalidated variable, the robustness of this latter variable 

was deemed reasonable based upon the results of the questionnaire testing process (sub-

section 3.7.6).  This variable was constructed using data from the above three time points to 

provide a reflection of dental anxiety in earlier adulthood, quite distinct from the later 

adulthood dental anxiety variable, and without excessively increasing the number of 

variables included.  Both dental anxiety variables were used as continuous variables.   

From the extensive information relating to general health and disability already pre-existing 

in the NTFS dataset (Table 16), the predictor variable included in the path analysis – ‘illness 

limiting daily activity at age 50’ – was based on whether the participant answered ‘yes’ to 

both of the following questions in the age 50 Health and Lifestyle questionnaire: “Do you 

have any long-term illness, health problem or handicap?”; and “Does this limit your daily 

activities in any way?”.  The influence of general health on oral health is multi-dimensional, 

via both biological and behavioural pathways (Anders and Davis 2010; Dorfer et al. 2017; 

Lopez Silva et al. ; Wilson et al. 2019) and selecting measures of general health that would 

allow the breadth of this impact to be captured in one or a very small number of variables 

was challenging.  The selected measure, although crude and unvalidated, provided this 

overall prospective measure of health and disability at age 50.  This measure was, however, 

unfortunately unavailable from other time points.  The World Health Organisation Disability 

Assessment Scale (WHODAS 2.0) (Üstün et al. 2010), measured in the age 63 Health and 

Lifestyle questionnaire, was considered as an additional potential variable, providing a 

validated and summary measure of health and disability (Üstün et al. 2010).  However, the 

disadvantage of this measure was its assessment at the same age as the outcome variable, 

therefore violating assumptions of temporal causation.   

Pack-years of cigarettes smoked was selected as a measure of smoking, a pack-year of 

cigarettes being equivalent to smoking twenty cigarettes per day for a year.  This was 

selected as a widely used measure, reflecting both the duration and intensity of smoking 

histories (Leffondré et al. 2002; Mori et al. 2000; Thomson et al. 2007).  Its limitation is that 

it does not take into account other forms of tobacco use, such as pipe, cigar or chewing 

tobacco use.  However, given the comparatively very low use of these latter tobacco forms 

in the NTFS sample, compared to cigarettes, and the difficulties of equating these forms of 

tobacco use to cigarette usage, this limitation was accepted.   
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Concerns were acknowledged about the retrospective and self-reported nature of the 

smoking histories, which were collected in the age 50 and age 63 Health and Lifestyle 

questionnaires.  However, a number of studies have explored the validity of self-reported 

smoking practices and, on the whole, suggest that self-reporting of numbers of cigarettes 

smoked is relatively accurate, although under-reporting is more often a problem than over-

reporting (Blank et al. 2016; Connor Gorber et al. 2009).  Furthermore, research exploring 

the psychometrics of retrospective smoking behaviour recall, including the long-term recall 

of the number of cigarettes smoked, has generally reported reasonable reliability and 

validity (Bernaards et al. 2001; Brigham et al. 2009; Brigham et al. 2010; Brigham et al. 

2008).   

Specifically, pack-years of smoking was divided into two time periods (age 10 to 29 and age 

30 to 62), to allow comparisons between smoking in earlier compared to later life, without 

introducing an excessive number of variables.  The threshold between the first and second 

time period was relatively arbitrary, although was selected according to reasoning that it 

delineated adolescence and earlier adulthood from perhaps more established adulthood. 

The lower limit of the first time period was the earliest age of smoking commencement 

reported by any of the participants.  The method of calculating pack-years for these time 

periods was based upon extrapolating the average number of cigarettes smoked daily, 

provided in relation to ages 15, 25, 35 and 50, and taking into account start and quit dates of 

smoking provided.  Hence, average daily smoking at age 15 was extrapolated between the 

age of smoking commencement and age 20, smoking at age 25 extrapolated between ages 

20 and 30, smoking at age 35 extrapolated between ages 30 and 42.5 and smoking at age 50 

extrapolated between ages 42.5 and 62 (or the point of quitting smoking if earlier). 

The only variable included to represent sugar consumption – ‘sugar consumption age 50’ – 

represented the average daily total sugar intake (in grams) calculated from the EPIC-Norfolk 

FFQ (Bingham et al. 2001), which was included in the study’s age 50 Health and Lifestyle 

Questionnaire.  This FFQ explores the frequency of consumption of 130 different foods over 

the preceding year (Bingham et al. 2001).  Average daily total sugar intake was calculated 

using the openly available FETA FFQ EPIC Tool for Analysis (Mulligan et al. 2014).  This 

questionnaire and analysis tool have been widely used across the UK (Bingham et al. 2001; 

Groarke et al. 2019; Trichia et al. 2019) and subjected to extensive validation studies 

(Bingham et al. 2007; Bingham et al. 1997; Bingham et al. 2001; McKeown et al. 2001).  
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These studies support the reliability of the FFQ for sugar measurement, with test-retest 

correlations for sugar consumption ranging between 0.6 and 0.8 (Bingham et al. 2001; 

McKeown et al. 2001).  Furthermore, although the validity of this questionnaire for 

measuring sugar intake could be better (Bingham et al. 1997; Bingham et al. 2001; McKeown 

et al. 2001) – for example, the correlation between sugar estimates according to this FFQ 

and weighed food records has been shown to be around 0.5 (Bingham et al. 1997) – its 

reasonable validity was considered acceptable for inclusion as a predictor variable in this 

research.  To mitigate the impact of this suboptimal validity, this variable was made binary; 

the daily intake values across the full original dataset (n=541) were divided into two equal 

quantiles to determine an appropriate threshold (109.86g/day) for these two categories.  It 

was accepted that this variable reflected the amount rather than frequency of sugar 

consumption, even though the latter is most relevant to dental caries initiation and 

progression (Van Loveren 2019), as evidence suggests these two measures are strongly 

correlated (Bernabé et al. 2016; Moynihan et al. 2018).  Although the average amount of 

total daily sugar consumption was also measured at age 63 using the EPIC-Norfolk FFQ 

(Table 16), this data was not included as a potential predictor because its measurement at 

the same time point as the outcome would have violated the assumption of temporal 

causation. 

The additional measures of daily sugar consumption frequency across the life course, 

obtained via the age 69 dental questionnaire, were ultimately not included as potential 

predictor variables.  This decision was based primarily upon feedback throughout the 

questionnaire testing process, wherein confidence in recall abilities relating to the dietary 

questions was substantially lower than for other questions (sub-section 3.7.6).  However, it 

was also influenced by the weak correlation between the age 50 measure of daily sugar 

consumption frequency, assessed retrospectively in the age 69 dental questionnaire, and the 

age 50 measure of total daily sugar consumption, assessed contemporaneously in the age 50 

Health and Lifestyle questionnaire (sub-section 3.7.8).  The absence of this life course 

information on sugar consumption was acknowledged as a significant limitation of this 

quantitative study.  However, given the availability of the validated measure of sugar 

consumption at age 50 – measured contemporaneously via the EPIC-Norfolk FFQ – including 

the latter and excluding the former was selected as the most robust strategy.   
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The three dental attendance variables included as final potential predictors were derived 

from the information gathered in the age 69 dental questionnaire.  This was because the 

questionnaire testing process and post-hoc validity assessments were reasonably supportive 

of the validity of these measures (sub-sections 3.7.6 and 3.7.8, respectively).  Only three 

variables were included (relating to ages 15, 35 and 50), in an attempt to reflect dental 

attendance across the life course without utilising too many variables.  Furthermore, these 

variables were made binary, with categories based upon current guidance around recall 

intervals from the ‘National Institute for Health and Care Excellence’ (NICE 2004): for age 15, 

categories were ‘at least once per year’ and ‘less than once per year’ based on the 

recommendation for under-eighteens to attend at least yearly check-ups (NICE 2004); for 

ages 35 and 50, categories were ‘at least once every two years’ and ‘less than once every 

two years’ based on the recommendation for adults to attend at least biennial check-ups 

(NICE 2004).  Although these recall guidelines were only implemented in 2004 and, hence, 

did not exist for the NTFS cohort when they were 15, 35 or 50, these categories were utilised 

to improve the contemporary applicability of the study findings.  Notably, the alternative 

measure of age 50 dental attendance, obtained contemporaneously at the age 50 clinical 

dental assessment (Table 16), was not utilised.  This was due to the subjectivity of the 

response options available and, therefore, the dubious validity of this measure (as discussed 

in sub-section 3.7.6). 

Lastly, the tooth brushing frequency information, obtained via the age 69 dental 

questionnaire, was utilised in the path analysis.  As discussed (sub-sections 3.7.6 and 3.7.8, 

respectively), the questionnaire testing process and post-hoc construct validity assessment 

were reasonably supportive of the validity of these measures.  Specifically, variables at only 

three time points (age 15, 35 and 50) were included, according to the same rationale as for 

the dental attendance variables.  Responses were collapsed to binary categories – ‘twice 

daily or more’ and ‘once daily or less’ – as the recommended brushing frequency is twice 

daily (DoH 2017a). 

Overall, the above collection of final potential predictor variables was considered a 

comprehensive list of variables, representing almost all areas of potential influence across 

the life course on age 63 tooth retention (within the constraints of being pragmatic about 

the number of variables included).  However, undoubtedly, the lack of inclusion of sugar 

consumption information prior to the age of 50 was a significant limitation, as was the lack 



129 
 

of definitive evidence regarding the robustness of several of the retrospectively collected 

variables – particularly relating to past dental attendance, tooth brushing habits, dental 

anxiety and parental encouragement.  Such limitations are considered further in the 

Discussion chapter, in relation to the interpretation and application of the study’s findings 

(sub-section 6.2.3).   

3.7.10: Data preparation  

Part of the data preparation required for variable construction had already been completed 

by the wider NTFS study team, where variables had been utilised in previous research.  

However, for several variables, additional data manipulation was required and conducted by 

myself.  Specifically, production of the outcome variable (tooth retention at age 63) and two 

of the predictor variables – sex and standardised birth weight – required very little data 

manipulation.  Most other predictor variables required only minimal data preparation, such 

as condensing responses to binary variables or producing summary scores.  However, for 

three variables – the number of years married and the two smoking variables – more 

significant data preparation was required from raw data responses across multiple 

questionnaires (see sub-section 3.7.9).  STATA® (Version 13, StataCorp) was utilised for all 

such data preparation.  

3.7.11: Summary statistics 

Summary statistics for all final potential predictor variables and the outcome variable were 

calculated.  For categorical variables, numbers and proportions were produced.  For 

normally distributed continuous variables, this involved means and standard deviations.  For 

non-normally distributed continuous variables, medians and interquartile ranges were 

calculated. 

3.7.12: Univariable and multivariable regression models 

Univariable linear regression analyses were conducted between each predictor variable and 

the outcome, to observe univariate relationships.  Multivariable regression analyses were 

subsequently conducted to assess the effect of each predictor variable on the outcome, 

independent of the effect of other predictor variables, and to determine an initial path 

model for model building.  Two multivariable models were conducted: 1) a full analysis 

including all predictor variables, and 2) a reduced analysis including only the predictor 

variables demonstrating a significant association with the outcome in the first analysis (at 
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the 5% level).  As introduced in sub-section 3.7.2, the latter formed the starting point for the 

construction of the final path model.   

The statistical programme STATA® (Version 13, StataCorp) was used for the production of all 

summary statistics and regression analyses.  

3.7.13: Building a path model 

As justified in sub-section 3.7.2, an iterative process of model building and model trimming 

was used to construct a final model of the life course determinants of tooth retention at age 

63. This process of model building was based on both statistical indications and theoretical 

knowledge and justification (Garson 2014; Shipley 2016; Streiner 2005).  SPSS AMOS® 

(Version 24, IBM) was utilised as a widely used and accessible SEM programme (El-Sheikh et 

al. 2017). 

The detailed process of path model building utilised is shown in Figure 9.  As is standard 

practice (Mann et al. 2013; Pearce et al. 2012; Tennant et al. 2008), the reduced 

multivariable regression model provided the basis for the initial path model.  The model 

building process then proceeded using standard methods of model building and model 

trimming (Garson 2015; Kline 2016; Mann et al. 2013).  Starting with the initial model, new 

paths were added based on modification indices (MI), which indicate the expected reduction 

in the model chi-square statistic should a new path be added to the model or should two 

variables be allowed to covary (Garson 2015).  Only MIs of four or above were obtained, as 

the addition of paths or covariances associated with MIs below this threshold do not reduce 

model chi-square statistics by statistically significant amounts (Garson 2015).  New paths 

were added in turn, starting with those associated with the greatest MIs first.  The type of 

path (covariance or regression), and the direction of regression paths, were determined 

based on what was theoretically sound and justifiable.  Alongside the above process, beta 

regression coefficients and associated p-values were continuously estimated for all model 

paths, and paths removed if the significance of their regression coefficients became greater 

than 0.05.  The maximum likelihood estimation method was used, as this method is the 

default estimation method in path analysis (Kline 2016) and is recommended in AMOS when 

using only continuous and binary variables (Arbuckle 2016).  In this method, estimates are 

those which maximise the likelihood that data was drawn from a population with these 

estimates (Kline 2016). 
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Once no new theoretically sound MIs were generated and all paths remained significant, a 

new predictor variable was added to the model.  The above processes of adding theoretically 

sound paths, based on MIs, and removing non-significant paths, at the 5% level, then 

continued.  If no modifications were suggested with the addition of a new variable, this 

variable was removed from the model.  This process of introducing new variables, model 

building based on MIs and model trimming non-significant paths continued until all potential 

predictor variables had been considered in the model. 

At the end of this model building process, any variables or paths without a route to the 

outcome (direct or indirect) were removed. Final robust significance values for regression 

coefficients were then estimated using bootstrapping procedures, based on 50,000 samples. 

Bootstrapping is recommended in path analysis to provide robust estimates of these 

parameters where data is not multivariate normal (Garson 2014; Shipley 2016).  Following 

bootstrapping procedures, any direct paths which were no longer significant at the 5% level 

were subsequently removed from the model.  The remaining final path model represented a 

robust model, which produced a specified covariance structure that best fit the data, but 

was also based on sound justifiable theory.  This is the accepted goal of model trimming and 

model building in path analysis (Kline 2016). 
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Figure 9: A step-by-step overview of the model building process used to produce a final path 
model of the life course determinants of tooth retention age 63. 
MI (modification indices) 
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The actual path model building process involved 54 model iterations.  These iterations and 

the rationale at each model building step are documented in Appendix L.  Paths were only 

added to the model (based on MIs) if the theoretical rationale was clear; for example, the 

causal path from sex to pack-years of smoking between ages 10 and 29 (added at iteration 

31) is supported by extensive evidence that males have demonstrated worse smoking 

behaviours in adolescence and young adulthood in the UK since prior to the inception of the 

NTFS cohort (Forey et al. 2016; ONS 2020a).  Similarly, paths were not included (when 

suggested by MIs) when no clear rationale existed; for example, there is no plausible 

pathway via which a baby’s sex would influence the social class of their household at birth 

or, conversely, the social class of a household would influence a baby’s sex (suggested at 

iteration 38).  Where uncertainty existed regarding the plausibility of a suggested 

relationship, the MI was monitored, rather than the path added initially.  Such uncertainty 

was uncommon and, where present, associated MIs did not persist as the path model 

evolved.  For example, a theoretical rationale was identified for the causal path between 

dental attendance at age 15 and pack-years of smoking between ages 10 and 29 (suggested 

at iteration 17), as evidence suggests smoking advice received at dental check-ups influences 

future smoking (Carr and Ebbert 2012).  However, the applicability of this rationale to this 

particular circumstance was doubted given the temporal position of the dental attendance 

variable five years into the temporal period of the smoking variable and, moreover, given 

uncertainty about the existence of smoking advice by dentists in 1962 (Carr and Ebbert 

2012).  Negating the importance of these concerns, the associated MI did not persist as the 

model involved (Appendix L). 

The order in which new variables are added to a path model does not change its final 

outcome, although it changes the iteration process required to reach this outcome.  In order 

to reduce the number of iterations in this research, variables likely to be central to the 

model were prioritised, based on low p-values in the full multivariable regression model or 

exploratory analyses.  Furthermore, variables were occasionally added in groups to the 

model where they were highly correlated (e.g. all three tooth brushing variables – iteration 

22) to reduce the number of iterations required; the addition of such variables individually in 

exploratory analyses resulted in many paths being added and then subsequently removed 

upon addition of each subsequent variable.  Based upon the same rationale, the addition of 

suggested paths was occasionally postponed in the final model building process until the 



134 
 

addition of further variables.  For example, paths between the three dental attendance and 

two dental anxiety variables were not added until all such five variables were included (see 

iteration 2, Appendix L).  

3.7.14: Checking data assumptions 

Two key assumptions made of the underlying data in path analysis are that data are 

multivariate normal and that low multicollinearity exists (Garson 2014; Shipley 2016).   

Multivariate normality is an extension of univariate normality, in which the joint distribution 

of variables is normally distributed (Shipley 2016).  It can be assessed by the Doornik-Hansen 

test (Doornik and Hansen 2008).  This test was applied (using STATA®) to the predictor 

variables utilised in this path analysis, in two arrangements: 1) including all potential 

predictor variables of age 63 tooth count utilised in the path model building process, and 2) 

including only the predictor variables retained in the final path model (see Section 5.5).  Both 

tests found significant evidence to reject the assumption of multivariate normality (Table 

19).  When data are not multivariate normal, this does not preclude the use of path analysis 

(Shipley 2016).  However, non-normality can affect the significance values associated with 

regression coefficients and goodness-of-fit statistics.  Therefore, it is recommended that 

robust significance values are estimated using bootstrapping procedures and robust 

goodness-of-fit statistics utilised (Shipley 2016).  Hence, such methods were utilised as 

described further in the following two sub-sections. 

Variables included Chi-squared statistic p-value 

All potential predictor variables 5419.8 <0.001 

Predictor variables in final path 
model only 

2660.6 <0.001 

Table 19: Assessment of multivariate normality of the predictor variables included in the path 
analysis, according to the Doornik-Hansen test (n=198). 
 

Multicollinearity refers to the correlation between one or more predictor variables (Daoud 

2017).  As is standard practice (Daoud 2017), multicollinearity was assessed by examining 

bivariate Pearson’s correlation coefficients between all pairs of variables, and also by 

examining variance inflation factors for each variable (using STATA®).  The former range 

from -1 to +1, with values of 0 indicating no correlation, and non-zero values indicating 

stronger correlation the closer they get to + 1 or -1. The latter measure how much the 
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variance of a coefficient is ‘inflated’ because of linear dependence with other predictors 

(Daoud 2017).  A value of 1 indicates that a variable is completely uncorrelated with other 

predictors (Daoud 2017), whilst various arbitrary thresholds have been proposed above 

which multicollinearity is considered an issue – commonly ten but as low as four (Belsley et 

al. 1980). 

Bivariate Pearson’s correlation coefficients between all predictor variables included in the 

path model building process were relatively low.  Where pairs of variables were more highly 

correlated (correlation coefficients greater than 0.5 or -0.5) (Table 20), these all involved 

repeated measures of the same behaviours at different time points, which were connected 

by direct effects during the model building process and in the final path model.  Therefore, 

this does not violate the assumption of low multicollinearity.  Variance inflation factors for 

all predictor variables also showed generally low to moderate multicollinearity, not sufficient 

to violate this assumption (Table 21).  

Variable Pearson’s correlation 
coefficient 

Pack-years 10-29/Pack-years 30-62 0.749 

Tooth brushing 15/Tooth brushing 35 0.548 

Tooth brushing 35/Tooth brushing 50 0.765 

Dental attendance 35/Dental attendance 50 0.520 

Dental anxiety (early adulthood)/Dental anxiety (late adulthood) 0.530 

Table 20: Pearson’s correlation coefficients between highly correlated predictor variables 
(coefficients > 0.5 or -0.5) included in the path analysis. 
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Variable Variance inflation factor 

Sex 1.49 

Standardised birth weight 1.10 

Social class birth 1.26 

Social class 50 1.10 

Education level 1.39 

Pack-years 10-29 2.43 

Pack-years 30-62 2.47 

Illness limiting daily activity (age 50) 1.08 

Dental anxiety (early adulthood) 1.67 

Dental anxiety (late adulthood) 1.67 

Dental attendance 15 1.71 

Dental attendance 35 1.64 

Dental attendance 50 1.56 

Tooth brushing 15 1.76 

Tooth brushing 35 3.06 

Tooth brushing 50 2.58 

Parental encouragement 1.36 

Sugar consumption 50 1.11 

Years married 1.08 

Mean 1.66 

Table 21: Variance inflation factors associated with predictor variables included in the path 
analysis. 
 

3.7.15: Standardised estimates, total, direct and indirect effects 

Based on the final path model, direct, indirect and total effects of predictor variables on the 

outcome were calculated.  Direct effects represent the effects of predictor variables on the 

outcome, not mediated by other variables in the model, and are the beta regression 

coefficients associated with paths passing directly from predictor variables to the outcome 

(Garson 2014).  Indirect effects represent the effects of predictor variables on the outcome, 

which are mediated through other variables, and are calculated by multiplying together 

regression coefficients along each indirect path and summing these indirect paths (Garson 

2014).  Total effects represent the overall effects of predictor variables on the outcome, via 

both direct and indirect pathways (Garson 2014). 

To aid relative comparisons of effects across predictor variables, standardised as well as 

unstandardised effects were calculated.  Unstandardised effects represent the unit change in 
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the outcome variable given a one unit change in a predictor variable, whereas standardised 

effects represent the standard deviation change in the outcome variable given a one 

standard deviation change in the predictor variable (Lei and Wu 2007).  In practice, 

unstandardised effects are difficult to compare between variables with differing units, hence 

the common use of standardisation to help eliminate these difficulties (Curtis et al. 2018a; 

Lei and Wu 2007; Mann et al. 2011).  However, legitimate concerns exist about using 

standardised estimates to compare the relative sizes of causal effects, as their size can be 

misleadingly influenced by a variable’s sample variance (Frone 2012; Greenland et al. 1991).  

For the above reasons, both standardised and unstandardised estimates were calculated in 

this research, to enable the advantages of each statistic to be utilised, whilst minimising 

their disadvantages.   

Bootstrapped p-values and 95% confidence intervals (based upon 50,000 samples) were 

presented for all standardised and unstandardised direct, indirect and total effects, as 

recommended when data is not multivariate normal (see sub-section 3.7.14) (Garson 2014; 

Shipley 2016).   

3.7.16: Checking model fit 

The fit of the final path model was primarily assessed using the following goodness-of-fit 

measures: model chi-squared statistics, their associated p-values, and normed chi square 

values. 

The chi-squared statistic is recommended as the primary goodness-of-fit statistic for path 

analysis and measures the difference between the covariance matrix using observed data 

and the covariance matrix predicted by the model (Kline 2016; Shipley 2016).  Significance 

testing of this statistic assesses the probability of observing this difference if the model truly 

reflects the population parameters, taking into account random sampling variation.  

Therefore, a p-value above 0.05 suggests that there is no evidence, at the 5% level, to reject 

a model and the concept that the data are consistent with it (Kline 2016; Shipley 2016).   

The chi-squared statistic and its associated p-value are sensitive to sample size, with small 

samples more likely to result in spuriously low and statistically non-significant chi-squared 

statistics, and large samples more likely to result in spuriously high and statistically 

significant chi-squared statistics (Garson 2015; Shipley 2016).  Although evidence generally 

suggests that samples around the size used in this study will not spuriously affect chi-
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squared p-values (Kline 2016), normed chi-squared values are also reported in this research.  

These are the ratio of the model chi-squared statistic to the degrees of freedom in the 

model, and are less sensitive to sample size (Hooper et al. 2008).  There is no universally 

agreed consensus regarding normed chi-squared thresholds below which model fit is 

deemed acceptable, but thresholds as high as five and as low as two have been 

recommended (Hooper et al. 2008).   

Model chi-squared statistics and their associated p-values and, consequently, normed chi 

square values are also sensitive to multivariate non-normality (Kline 2016; Shipley 2016; 

Walker and Smith 2017).  Hence, both unadjusted and robust versions were produced where 

possible.  Robust model chi-squared p-values were produced using modified bootstrapping 

procedures, according to the Bollen-Stine bootstrap method (Bollen and Stine 1992).  Robust 

model chi-squared statistics were produced by applying robust Bollen-Stine chi-squared p-

values to an inverse chi-square distribution function (Walker and Smith 2017). 

Further goodness-of-fit indices, known as approximate fit indices were also produced, 

including the Root Mean Square Error of Approximation (RMSEA) and Comparative Fit Index 

(CFI).  These are well established fit indices that assess model fit from different perspectives 

(Garson 2014; Kline 2016; Shipley 2016).  However, they are used as supplemental fit 

statistics of secondary use to the chi-squared statistic, as they do not distinguish between 

sampling error and real covariance evidence against the model, being simple continuous 

measures of model-data correspondence (Kline 2016).   

The CFI measures how much the proposed model reduces the degree of misspecification 

relative to a baseline model (Shipley 2016). The closer the CFI gets to 1, the better the model 

fit (Shipley 2016).  Although thresholds are arbitrary, statistics above 0.95 have often been 

considered indicators of good fit, and values over 0.9 indicators of adequate fit (Garson 

2015). 

The RMSEA evaluates discrepancies between model covariance matrices and observed 

covariance matrices (Garson 2014).  The closer the value to 0, the lower the discrepancy and 

the better the model fit.  Although thresholds are arbitrary, values below 0.05 or 0.06 have 

generally been considered indicative of good model fit, whilst values below 0.08 have been 

suggested to represent adequate model fit (Garson 2015). 
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As both the CFI and RMSEA are also sensitive to multivariate non-normality, values based on 

both unadjusted chi-squared statistics, but also robust chi-squared statistics, were produced 

– the latter involved substituting robust chi-squared statistics into the formulas for the 

approximate fit indices using methods presented by Walker and Smith (2017). 

Finally, R-squared values for final path models are presented, which indicate the proportion 

of the variance in age 63 tooth count explained by the variables in the models.   

3.7.17: Sample sizes and missing data 

Figure 10 provides an overview of the sample sizes involved in the life course path analysis.  

261 NTFS participants were considered for inclusion as they had completed the age 69 

dental questionnaire, previously attended the age 63 dental examination and returned both 

the age 50 and age 63 Health and Lifestyle questionnaires – therefore, they had completed 

all stages of data collection necessary for measurement of the outcome and all selected 

predictor variables.   Two of these individuals were excluded, due to missing age 63 tooth 

count data (despite attendance at the examination), and a further fourteen excluded 

because they were edentate at the age 63 dental examination.  This left a final eligible 

sample for the life course path analysis of n=245.   

As 47 of these 245 individuals had missing data for at least one of the potential predictor 

variables, however, the process of path model building (and the preceding multivariable 

regression analyses) were conducted using a reduced sample of n=198, as the AMOS 

software does not allow calculation of modification indices in the presence of missing data 

(Arbuckle 2016).  The final path model derived from this reduced sample was subsequently 

tested on the full sample of 245 participants using full-information maximum likelihood 

(FIML) estimation, which allows for missing data (Garson 2015).  As AMOS does not permit 

bootstrapping or the calculation of robust model chi-squared p-values in the case of missing 

data (Arbuckle 2016), the final path model was also tested on the sample of 223 

participants, who had complete data at least for all of the predictor variables included in the 

model (Figure 10). 
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Figure 10: Flowchart of the process of sample selection for the path analyses. 
 

The exclusion of individuals who were edentate at age 63 was undertaken so as not to 

violate the temporal assumption that the predictor variables preceded the outcome.  For 

example, if a participant became edentate at age 25, the predictor variables occurring after 

this time could not have further influenced the tooth retention outcome.  Including such 

edentate individuals would have overestimated the effects of predictors occurring after the 
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event of edentulism.  The exclusion of such edentate individuals, however, had its 

disadvantages.  Most importantly, this limits the findings of the path analysis to groups 

remaining dentate at age 63 and, if generalised to groups experiencing edentulism prior to 

age 63, the effects of predictors preceding and succeeding the outcome of edentulism will 

likely be underestimated and overestimated, respectively.  Despite much consideration, 

however, including expert statistical advice from Professor Stephen Rushton (Professor of 

Biological Modelling at Newcastle University), this latter limitation was deemed unavoidable.  

The only other option would have been to null the effect of variables occurring after the age 

of edentulism by designating these variables as missing for those individuals.  However, as 

discussed, the AMOS software does not allow the calculation of modification indices, robust 

model chi-squared p-values or the process of bootstrapping in the presence of missing data 

(Arbuckle 2016), hence, such a solution was not practicable.  Fortunately, the prevalence of 

edentulism by the seventh decade is reducing over time, and is likely to be very low for 

future generations (Steele et al. 2012), reducing the importance of this limitation in applying 

these study findings going forward.  

The building of the path model on the reduced sample with complete data (n=198), rather 

than the full eligible sample (n=245), was a further limitation of this research, due to the 

potential for sample bias due to missing data.  Exploring these concerns (Appendix M), there 

were no significant differences (at the 5% level) for any of the variables between the 

complete sample of 198 individuals and the 47 individuals with missing data.   However, 

crude comparison of means, medians and proportions revealed obvious differences for 

many variables, in particular, significant differences at the 10% level for standardised birth 

weight, education level, social class at birth, social class at age 50, age 63 tooth count and 

parental encouragement.  Those in the sample of 198 generally fared better for all of these 

latter variables, suggesting the sample was biased towards these more fortunate groups.  

For this reason, testing of the final path model on the larger samples (n=245 and 223) was 

paramount, to explore and mitigate the effects of missing data.   

Of note, the FIML estimation method utilised with the full eligible sample (n=245) involved 

using all available data to estimate the model, as opposed to replacing or imputing missing 

data, and has been shown to produce unbiased results when data are missing at random 

(MAR) (Garson 2015).  Such an assumption was made in this study; although there appeared 

to be a pattern to which cases had missing data (violating the assumption of ‘missing 
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completely at random’ (MCAR)), it was assumed that there was no relationship between the 

values of missing and non-missing data – an assumption which seemed reasonable although 

not possible to prove.  Reassuringly, the prevalence of missing data in this sample of n=245 

was low, at 1.9% overall and a maximum of 4.9% per variable (Table 22). 

Variable Missing (n) Missing (%) 

Sex 0 0 

Standardised birth weight 0 0 

Social class birth 4 1.6 

Social class 50 4 1.6 

Education level 7 2.9 

Pack-years 10-29 0 0 

Pack-years 30-62 3 1.2 

Illness limiting daily activity (age 50) 3 1.2 

Dental anxiety (early adulthood) 3 1.2 

Dental anxiety (late adulthood) 3 1.2 

Dental attendance 15 8 3.3 

Dental attendance 35 9 3.7 

Dental attendance 50 6 2.4 

Tooth brushing 15 10 4.1 

Tooth brushing 35 11 4.5 

Tooth brushing 50 12 4.9 

Parental encouragement 1 0.4 

Sugar consumption 50 3 1.2 

Years married 12 4.9 

Tooth count age 63 0 0 

Table 22: The frequency of missing data, by variable, for the final eligible sample for the path 
analysis (n=245). 
 

In retrospect, methods of imputing missing data could have been utilised prior to path 

model building, specifically multiple imputation methods, which are now generally 

considered the gold-standard of imputation (Cummings 2013; Dong and Peng 2013).  Such 

methods take into account the uncertainty in the values of missing data by imputing multiple 

plausible values of missing data from existing variables, conducting multiple analyses using 

each possible missing data value and then combining these analyses to produce a final result 

(Cummings 2013; Dong and Peng 2013).  Such methods were not utilised in this PhD due to 

time constraints – incorporating such unfamiliar methods into an already very complex 
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statistical process would have been unmanageable in this already multi-component mixed-

methods project.   However, I acknowledge this may be desirable in future research utilising 

this dataset.   
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 4: Qualitative Results 

The overarching aim of the qualitative component of this research was to explore in depth 

the factors across the life course influencing how and why UK individuals looked after their 

oral health.  This was achieved via in-depth interviews with twenty members of the NTFS 

study at the age of 67.   

This chapter presents the findings of these interviews, identified by a process of thematic 

analysis.  As depicted in Figure 5 (Page 93), four major themes were identified, the focus of 

which were: 1) the multiple sources of influence of OHBs, 2) variation in influences between 

different OHBs, 3) how influences changed across the life course, and 4) sufficiency and 

competition between influencing factors.  This chapter is structured around these four major 

themes.    

For context, the names and numbers following quotes (e.g. Donald, 28/20) refer to the 

pseudonym names of the interviewees and their number of retained teeth at the age 50 and 

63 NTFS dental examinations respectively. 

4.1: The multiple sources of influence of OHBs 

In harmony with socio-ecological theories of human development (Bronfenbrenner 1979) 

and contemporary beliefs about the determinants of oral health (DoH 2005; Watt et al. 

2015), the qualitative interviews revealed that the factors determining how and why people 

looked after their oral health were numerous and stemmed from multiple sources.  Figure 

11 illustrates the key factors identified and how they appeared to group around the 

following sources of influence: the dental profession, society, family members and the 

individual.  As depicted, the interviews suggested that influencing factors were generally not 

independent of each other but were interconnected by multiple relationships.  In particular, 

many factors directly related to the individual were themselves reportedly influenced by 

factors related to society, the dental profession and family members (as represented by solid 

arrows).  Additional relationships (suggested by dotted lines) also almost certainly existed 

between the latter three sources of influence, as speculated by the interviewees and 

supported by previous evidence (Bronfenbrenner 1979; Watt et al. 2015).  However, being 

based upon interviewees’ speculation (i.e. the influence of the dental profession on 

interviewees’ family members), these were not the focus of this qualitative study. 
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Figure 11: The key factors determining how and why individuals looked after their oral 
health, according to the qualitative interviews. 
NB: Solid lines represent reported relationships between specific influencing factors, where 
these could be reasonably assessed by the interviewees themselves.   
Dotted lines represent postulated broader relationships between the various sources of 
influence.  These are based upon both the speculation of interviewees, but also upon previous 
knowledge and theory and reasonable assumption. 
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4.1.1: Influence of the dental profession 

The recalled contribution of the dental profession was predominantly via two main 

pathways.  Firstly, supporting previous evidence (Gibson et al. 2019; Jensen et al. 2011), 

many participants recalled their OHBs being shaped by oral health education provided by 

dental professionals: 

“They used to tell you what to do with your teeth and how to clean them, and any 

dentist would say, you know, you must do this with your teeth and brush in between 

your teeth, so it’s just been picked up over the space of time going to different dentists” 

(Barbara, 21/18).  

Secondly, dental anxiety was frequently reported as a barrier to dental attendance and, in 

accordance with previous research (Borreani et al. 2010; Gregory et al. 2012), such levels of 

dental anxiety were often attributed to previous experiences of dental visiting: 

“I remember going to the dentist once…at about 10 or 11, something like that…and I 

remember going under, but I felt it.  I remembered it and when I came out of it, my eyes 

were streaming.  I mean really full tears and all that, and the pain was terrible…[Since 

then], I’d rather put up with toothache than go to the dentist” (Bruce, 0/0). 

Reflecting previous findings from both within dentistry (Borreani et al. 2010) and other fields 

of health care (Harmon et al. 2006; Roter 1983), the chairside manner of dental 

professionals was also identified as a particularly important factor in determining both the 

impact of their oral health education advice and their effect on patients’ dental anxiety: 

“He was very, very good at giving advice out, you know…With him, you just took it as 

good advice to act upon… I think establishing a relationship and a rapport and empathy 

with a dentist over a period of time is really, really good, and I think that’s had a long-

term impact upon me” (Steve, 23/22).  

 “Once I got a dentist who was more approachable, understanding and empathetic…that 

changed [my fear of the dentist] quite a lot” (Patricia, 18/18). 

Furthermore, other research has shown that the sophistication of technology and 

techniques used within dentistry can be an important factor in the determination of dental 

anxiety (Borreani et al. 2010).  This accords with the experiences of some in this study:  
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“When I was younger…the needles that they used to use…were absolutely 

enormous…and they really hurt…I can remember the needle, it was that long, it was 

terrible…They come towards you with this big thing…and, oh my God” (John, 14/11). 

4.1.2: The influence of society 

Sources within wider society, specifically schools, peers, media and marketing sources also 

emerged as influencers of individuals’ behaviours.  As documented in Figure 11, schools 

reportedly exerted their influence by controlling or guiding participants’ OHBs.  For example, 

as with Gibson’s work (2019), some individuals attributed their behaviours to advice they 

had received at school, whilst some recalled attending dental check-ups at school: 

“I can remember the dentist used to attend the school on, I would guess, a yearly basis…I 

can remember him coming and checking your teeth…They had a receptionist come nurse 

who did all the telling you how to do it and showing you how to clean your teeth” (John, 

14/11).   

Peers (referring to one’s social group within society) were also perceived to have influenced 

many individuals’ behaviours, and this was primarily via two pathways.  Firstly, participants 

recalled being influenced by the ‘normal’ OHB practices of their peers: 

 “When you were with your friends, if they brushed their teeth, you’d think that’s the 

right thing to do, you know.  [And I started smoking] because everybody else did” 

(Barbara, 21/18). 

Secondly, concerns about the social acceptability of one’s oral health to peers emerged as a 

positive driver of OHBs: 

“If I was ever going out, and I still do this now, you always clean your teeth.  That is for 

your teeth and for your breath.  When I had the children and I was taking the children 

anywhere, I would always nip to the bathroom and give my teeth a quick clean, and then 

you’re ready to go, at least you know your breath’s alright” (Rose, 14/0). 

Such findings accord with the importance of social norms recognised by both traditional 

(Ajzen 1991; Bandura 1986) and more contemporary (Cane et al. 2012) health behaviour 

theories.  Furthermore, evidence from empirical research pertaining to both oral health-

related behaviours (Hall-Scullin et al. 2015; Ostberg et al. 2002; Simons-Morton and Farhat 
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2010; Stead et al. 2011) and other behaviours (Ragelienė and Grønhøj 2020; Salvy et al. 

2012) also confirms the central contribution of peers to health behaviour.     

Lastly, aligning with the well-accepted role of the media in health (Institute of Medicine 

2003; Seale 2003), media and marketing sources – including television, magazines, 

newspapers, billboards and the internet – were also accredited for determining how people 

looked after their oral health.  This was in part because they contributed to views about 

‘normal’ behaviour practices, but also because they were a source of health information:  

“There’s a greater awareness that has come along as to the impact on your health – 

general health but dental health as well – of your diet and smoking…I guess it’s come 

from the media really, you know, because I would have a general interest in what was 

being broadcast in TV programmes, in newspapers, magazine articles and so on around 

these issues…That’s how I educated myself about things” (Malcolm, 30/27). 

4.1.3: The influence of family members 

The role of family members in shaping individuals’ beliefs and behaviours was a central 

theme running through many interviews.  As depicted in Figure 11, reports mainly focused 

around parents, spouses, children and siblings. 

The influence of parents appeared to be central.  In accordance with previous research (Case 

and Paxson 2002; Kettle et al. 2019; Stokes et al. 2006; Umberson et al. 2010), individuals 

talked about parents role modelling certain behaviours or actively controlling or guiding 

behaviours:  

“I’ve always been taken to the dentist regularly…and I was always taught to clean my 

teeth…I mean that was instilled by my mother…I had really very, very good parents” 

(Rose, 14/0).  

Perhaps not surprisingly given traditional parenting roles (Parke and Tinsley 1987; Sigel et al. 

1984), mothers generally appeared to have been much more influential than fathers in this 

role: 

“My father…never bothered with us really.  He was working down the shipyard.  He must 

have been working six or seven days a week down there at the time…and he never had 

time to do anything with us…It was always my mum that sort of took me [to the 

dentist]” (Keith, 25/25).   
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In addition to the above, participants also frequently mentioned the effects of witnessing 

their parents experience oral health problems: 

“That’s when I started trying to look after my teeth…dental treatment and make sure I 

clean them at least twice a day …I’ll tell you why.  My dad got all his teeth out and I 

noticed how he changed, you know. It changed his health.  I says, ‘well, I don’t want to 

be like my dad’…I think I were 30.  My dad loved his food, then all of a sudden it was like 

soup and that type of thing, you know, couldn’t chew” (Michael, 26/20).   

The above pathways of influence were also described in relation to siblings and spouses.  

Like the predominant role of mothers, it was also particularly notable that wives seemingly 

imposed more control over their spouses’ OHBs than husbands did.  The account from Alan 

(27/27) below is one example of this common narrative around the role of wives: 

“Getting married has been when the dental appointments started, because the wife 

would say ‘got to go’, you know…My wife all her life has been like a secretary right and, 

if you know anything about secretaries, they organise people, don’t they?  They make 

sure they’re there.  They make sure they do this, they do that…She’s very organised to a 

painful degree…got the dentist lined up.  She likes doing that and organising”. 

Such spousal influence of health behaviours has been previously evidenced (Lewis and 

Butterfield 2007; Markey et al. 2008; Thomeer et al. 2019), and explorations of gender 

differences support the present study (Lewis et al. 2004; Umberson 1992; Umberson et al. 

2018).  In particular, disparities have been attributed to differing attitudes to health 

prevention, nurturing roles and responsibilities for living habits in the home between men 

and women (Umberson 1992; Umberson et al. 2018). 

Beyond the above routes of influence, a further positive role of spouses also emerged.  

Similar to concerns discussed in relation to peers (Section 4.1.2), some interviewees were 

conscious of the social acceptability of their oral health to their spouse:  

“I was having problems with my gums and they were getting all pussy...That’s when I 

started to go pretty regular [to the dentist]…It was getting embarrassing because there 

was a smell…The wife would say sometimes ‘oh I can smell your breath’, you know” 

(Jeremy, 23/15). 
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Finally, the responsibility associated with parenthood seemingly influenced participants’ 

beliefs and behaviours in several ways.  Firstly, individuals expressed a desire to perform 

good OHBs to set an example to their children:  

“You want to lead by example so that your children can imitate what you’ve learned over 

your lifetime, so they don’t make the same mistakes and replicate the things that you 

did.  So that was the real reason I think why I re-engaged [with the dentist]… If dad’s 

doing it, you should be doing it sort of thing” (Steve, 23/22). 

Secondly, interviewees described how it seemed more important to protect their own health 

once they entered parenthood, as they now had additional responsibilities to others:    

“You get more responsibilities don’t you, when you have children.  You’re not just the 

free agent yourself, so you’ve got to look after your health a bit more closely” (Arthur, 

0/0).   

Thirdly, in some cases, parenthood was reported to have detrimentally affected 

interviewees’ OHBs by placing excessive demands on their time:  

“I was so busy bringing the children up, you never think about going to the dentist” 

(Maureen, 28/27). 

This supports other previous work which demonstrates the positive and negative 

implications of parenthood on various health behaviours (Delaney and McCarthy 2011; 

Schooling and Kuh 2002; Thomeer et al. 2019; Umberson et al. 2010).   

4.1.4: Influences at the individual level 

Lastly, multiple individual-level factors reportedly influenced how people looked after their 

oral health.   

A particularly central determinant appeared to be one’s level of knowledge surrounding oral 

health, such as the effects of different behaviours on oral health outcomes.  Many accounts 

evidenced the positive impact of knowledge on their OHBs:  

“If I’m having a drink, I’ll have slimline tonic and stuff like that, slimline coke, diet coke.  I 

never have anything full fat…or eat lots of sugar.  I’m very careful with things like that 

because obviously the plaque will stick to your teeth and then disintegrate your teeth 

eventually” (Pam, 23/21). 
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In contrast, the absence of accurate knowledge was frequently blamed for suboptimal OHBs: 

“Well, I didn't realise a lot of things in them days.  You’re just a daft kid.  Didn't realise 

you're supposed to clean your teeth morning and night” (Michael, 26/20). 

Similarly, interviewees reported valuing their oral health in many ways, particularly relating 

to functional matters, such as chewing or smiling, the avoidance of pain and discomfort and 

aesthetic concerns, and such value appeared to be crucial to people’s behaviours:  

“It’s irrelevant how much we spend on our body.  It’s always the most important way to 

spend your money so that’s the way I work through life…Dentistry has always been the 

focus…It [fear of the dentist] doesn’t stop me [attending the dentist] cos I know how 

important it is and I know how it’s got to be done” (John, 14/11).   

Notably, this importance of knowledge and the value of health in determining behaviours 

resonates with many traditional (Ajzen 1991; Bandura 1986; Fisher and Fisher 1992; 

Rosenstock 1974) and more contemporary (Cane et al. 2012; Michie et al. 2011) health 

behaviour theories.   

Such levels of knowledge and the value placed on oral health were, in turn, reportedly 

determined by many other factors.  In addition to the influence of the dental profession, 

family and societal sources (as already discussed in sub-sections 4.1.1 to 4.1.3), individual-

level factors were also influential.  In particular, individuals’ previous experiences of oral 

health problems contributed to the value they placed on their oral health.  Markedly, 

problems which had a tangible impact on the individual appeared to have the greatest 

influence, such as pain and discomfort, functional impacts and social impacts: 

 “It all came to a head when I was twenty-one…I was in discomfort because of the pain, 

which was becoming increasing difficult to live with…[and] the way it deprived you of 

confidence in a social sense, I think it was quite significant…Certainly I became aware it 

could not go on like this…I was aware of the consequences of neglect and it wasn’t a 

pleasant place to be, and therefore the way to avoid it is to look after what you’ve got. I 

came to that conclusion very, very strongly” (Malcolm, 30/27). 

. 
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Furthermore, factors such as one’s career profession were cited as individual-level 

influencers of oral health knowledge or the value placed on oral health, where their 

profession exposed them to the topic of oral health: 

“I picked up incidental knowledge through teaching…because there would be regular 

dental inspections and dental visits and what not, so teeth and general sort of oral 

health became a regular running feature throughout my life, through education 

really…seeing these people come into school and talk” (Steve, 23/22). 

A further key theme which emerged from the interviews was that systemic health concerns 

were central determinants of oral health-related behaviours, where such behaviours were 

also common risk factors for systemic health conditions (e.g. smoking and dietary 

behaviours).   Such concerns were sometimes related quite broadly to the detrimental 

effects of such behaviours on general health, whereas, for others, like Maureen (28/27) and 

Edith (5/5) below, they were associated with very specific health experiences: 

“I smoked…from when I was fifteen...It’s only the last four years I’ve never smoked. I had 

a massive heart attack. I stopped drinking at the same time” (Maureen, 28/27). 

“In childhood, it was all sweets, chocolate.  It was all the wrong things I used to eat, but 

that was because I could I suppose.  I’m diabetic now so I’ve got to be really careful.  

That’ll be thirteen years ago [ my diagnosis].  I mean I still do have the odd one, but I’ve 

had to cut down tremendously because of my diabetes.  I used to have a bar or two bars 

of chocolate a day. I just loved chocolate I did…Now, of course, I just watch what I’m 

eating all the time” (Edith, 5/5). 

Such systemic health concerns were also sometimes triggered by specific negative 

experiences of close family members, such as parents or spouses: 

“I stopped in 1986, my dad died with lung cancer and he was at home and that was 

horrendous so I stopped.  I was about 40…Watching him die was just horrendous, that 

was just the motivation I needed” (Patricia, 18/18). 

Such generic and more specific origins of health concerns have similarly been reflected in 

previous behaviour change research (Delaney and McCarthy 2011; McCaul et al. 2006).  

Significantly, the practice of improving behaviours following a specific negative health event 
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also resonates with a commonly observable phenomenon coined the Sentinel Event Effect 

(Boudreaux et al. 2012).   

A range of cognitive or personality dispositions also emerged from this research as 

influencers of people’s behaviours.  According with the previously recognised importance of 

self-efficacy (beliefs about one’s ability to succeed or accomplish a task) in determining 

health behaviours (Bandura 1977; 1986; Schwarzer et al. 2011; Syrjala et al. 2001; Woelber 

et al. 2015), participants often alluded to concepts of self-efficacy when explaining their 

behaviours: 

“I went to the doctors…and he gave me a [stop smoking] leaflet and I…put it in my bag, 

no intentions of giving up, and I went to work… I don’t know why I did it but I 

just…pinned this notice up on the notice board, and one of the cleaners came in and 

she…started laughing and said, ‘You give up smoking.  You could never do that.  You’ll go 

in your coffin and they’ll be shoving one in your mouth’.  And I thought, ‘You little bitch.  

I’ll show you what I can and can’t do’, and that was the trigger...I wouldn’t go 

back…Once I give my word for something, that’s it, I stick to it and that’s the 

motivation…It was actually nothing to do with how I’d be in better health and I’d taste 

better…It was to prove a point – yes, I will do it and, yes, I can do it.  And I’ve proved a 

point that I’m strong willed, and to pick up a cigarette now, to me, that would be sort of 

saying I’m not as strong willed as I thought I was, and I wouldn’t do that” (Rose, 14/0). 

Beliefs about whether oral health outcomes were within individuals’ control also appeared 

to be influential, resonating with the importance of ‘locus of control’ beliefs within health 

behaviour theory (Lefcourt 1992; Rotter 1966) and previous oral health literature (Kneckt et 

al. 1999; Peker and Bermek 2011).  Interviewees sometimes attributed their oral health 

problems to innate biological susceptibility, such as inheriting weak teeth, which diminished 

their sense of control and their motivation to try and improve their oral health.  Additionally, 

individuals discussed levels of personal responsibility for their own oral health, compared to 

the responsibilities of others, such as dental professionals or parents.  It was sometimes 

evident that placing an increased level of responsibility on others detrimentally impacted 

one’s personal efforts to maintain their own oral health.  It was generally accepted across 

the interviews however that, once individuals were old enough, fundamental responsibility 

lay with themselves:  
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“It all boils down to yourself.  I mean, it’s like everything regarding your body, really, it’s 

all up to you.  You’ve got to go to the dentist for him to have any effect on you.  It does 

all come down to the individual.” (Edith, 5/5) 

Furthermore, the interviews revealed that denial and self-deception about the impact of oral 

health practices, or one’s susceptibility to oral health problems, had a negative impact upon 

behaviour (see Rose and Michael’s comments below).  Both concepts are recognised as 

contributors to behaviour, denial being when ‘a person has a desire for a certain outcome 

and fails to face the high probability of the undesired outcome’, and self-deception being 

‘when a person actively tells oneself a narrative that is in tension with the actual evidence 

but in line with the desired outcome’ (Blumenthal-Barby and Ubel 2018):   

“Deep down, I probably did know [about the harm smoking was doing to my teeth], but 

it’s one of these things that you know but won’t admit to yourself.  Can you understand?  

You sort of, you won’t bring it forward in your mind. Yes, I did know but, no, I wouldn’t 

accept it…  We [also] did know that sugar was harmful, but you still continued to eat it.  

Forget about it, ignore it and it’ll go away, but the only thing that went away was your 

bloody teeth” (Rose, 14/0). 

“I often used to say I could drink what I like and eat what I like and smoke, and it 

wouldn’t affect my health, nor my weight, one bit…I used to honestly believe that in my 

case God was going to make an exception” (Malcolm, 30/27). 

Finally, several additional, individual-level determinants were discussed in the interviews as 

determinants of OHBs.  These included the experience of enjoyment, the absence of time or 

the presence of competing distractions, and financial considerations.  Specifically, 

participants regularly identified enjoyment as a reason for performing detrimental smoking 

and dietary behaviours: 

“When I was going to the dentist once…they scraped my teeth and all the rest of it, then 

they said a lot of that was through cigarettes and tea…It didn’t make any difference 

though, it didn’t prevent me, because I enjoyed the cigarettes and I enjoyed a cup of tea” 

(Bruce, 0/0). 

Factors such as full social schedules or intensive working schedules were often blamed for 

suboptimal behaviours: 
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“When I was working and that I missed a long time going to the dentist, maybe about 

five or six years.  I think it was just time…I was working all the time you know” (Keith 

25/25). 

Lastly, financial considerations were recalled to have influenced a variety of behaviours, in 

particular acting as a key motivation for smoking cessation:  

“I was spending ten pounds a week on cigarettes, and I thought I could be putting that 

away, you know…and I thought ‘right, I’m going to do it’ [quit smoking], and I just did, 

and that was it” (Edith, 5/5). 

4.2: Variation in influences between different OHBs 

The second key theme from the interviews was that the factors influencing how and why 

people looked after their teeth appeared to vary depending upon the OHB in question – the 

key behaviours of interest being oral hygiene, dental attendance, dietary (particularly sugar 

consumption) and smoking behaviours (as discussed in sub-section 3.6.5).   

Most of the influencing factors listed in Figure 11 were discussed in relation to both dental 

attendance and oral hygiene behaviours.  This is with the exception of enjoyment and 

systemic health concerns, which were not discussed in relation to either of these OHBs, and 

dental anxiety, which was discussed in relation to dental attendance but not oral hygiene 

practices.  Therefore, dental attendance and oral hygiene behaviours appeared to share a 

broad and generally similar profile of influencing factors, although dental anxiety presented 

an additional barrier to dental attendance. 

All of the above determinants of dental attendance and oral hygiene behaviours were also 

generally discussed in relation to dietary behaviours (with the exception of dental anxiety).  

However, dietary behaviours also appeared to have additional influences.  Specifically, the 

experience of enjoyment was commonly recalled as a driver of negative dietary behaviours: 

“I stuffed my face with chocolates... I ate a lot of sugar…It’s always been chocolate, you 

know.  I’m afraid I’m one that would have a bit of toothache and would still eat a bloody 

chocolate and, if I had the toothache at one side, I would eat the chocolate at the other.  

I mean how stupid can you be…The sweet tooth, chocolate has always been my 

downfall” (Rose, 14/0).  
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Moreover, dietary behaviours were frequently reported to have been shaped by systemic 

health concerns, a driver of food choice acknowledged in previous literature (Delaney and 

McCarthy 2011; Devine 2005; Devine et al. 1998; Rawahi et al. 2018).  As discussed in sub-

section 4.1.4, systemic health influences were either related quite generally to health 

concerns or to very specific health experiences.  In addition, they were also frequently 

related to weight in the case of dietary influences, noticeably always in the case of females.  

Interestingly, in the sample as a whole, systemic health concerns appeared to have 

influenced dietary behaviours at least to the same – if not even a greater – extent than any 

concerns relating to oral health.  Cynthia’s (25/22) account exemplified this when she 

explained why she reduced her sugar consumption when she started working:  

“I’ve always been overweight from being a child, but I think, you know, when you start 

working and you’re with your peers and you see how they are, you try to improve what 

you have. I can’t say I’ll never not like sweets because I love chocolate and stuff, but you 

just have to tend to look after yourself and restrict how much of these things that you 

have…I think, in the back of your mind, you’re thinking about your teeth getting rotten 

because of all the sugar and the enamel and everything.  But, I think, basically, it was 

probably for my weight”. 

Even within the same accounts, an oral/systemic health distinction was sometimes apparent 

between the influencing factors of dietary behaviours and other OHBs.  Patricia’s (18/18) 

account illustrates this as she frequently justified her positive oral hygiene and dental 

attendance patterns with oral health-related reasons, such as seeing her husband “lose his 

teeth at a very young age” or “coming across people who had very unhealthy mouths” in her 

nursing profession.  However, she reported high levels of sugar consumption up to her early 

fifties and justified improving her sugar consumption at this age:  

“because I got too heavy and realised that I’d have to keep my mouth shut as my father 

used to say”. 

The implications of the above findings are that the emotional experience of enjoyment may 

present an additional challenge to bringing about dietary behaviour change, above and 

beyond the barriers associated with oral hygiene and dental attendance behaviours.  

Secondly, interventions aimed at improving sugar consumption behaviours may benefit to a 
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greater, or at least equal, extent by focusing on systemic health rather than purely oral 

health concerns (discussed further in sub-section 6.3.3).   

Finally, in relation to smoking behaviours, the predominant influencing factors discussed 

were quite specific.  In agreement with previous literature (Hoffman et al. 2007; Simons-

Morton and Farhat 2010), the initiation of smoking was predominantly attributed to the 

influence of behavioural norms within peer groups:  

 “I would be fifteen and I was going out with a friend.  There was about three or four of 

us used to go out dancing, and they all smoked and I didn’t…So, a couple of times I said 

‘no’…and then one of them pointed out that, you know, I was the only one that didn’t 

smoke, so I wasn’t a paid up member of the club sort of thing.  I mean, she didn’t say 

that, but that was, you know.  So then I sort of half-heartedly got into this, and so then 

the inevitable happened.  You start smoking and people give you one.  Then you can’t be 

seen as mean, so what do you do? You go out and buy some and give them back and 

that’s the way you go” (Rose, 14/0). 

Parents were also sometimes implicated in decisions around smoking initiation although, 

according with previous evidence (Hoffman et al. 2007; Simons-Morton and Farhat 2010), 

their influence generally appeared to be substantially less than that of peers. 

In relation to the maintenance of smoking habits, enjoyment, and moreover addiction, were 

by far the primary reasons discussed: 

“I enjoyed smoking and I just smoked…Smoking is a habit that’s hard to break.  It’s easy 

to take it up but it’s hard to break it” (Maureen, 28/27). 

This accords with contemporary knowledge about the addictive nature of smoking (Benowitz 

2010) and highlights the additional challenges involved in achieving smoking cessation.  

Lastly, with regards to smoking cessation, motivation was principally attributed to two 

factors – predominantly systemic health concerns but also financial concerns – both of which 

have been identified as key drivers in previous research (McCaul et al. 2006).  Significantly, 

only one individual mentioned oral health concerns in his decision to stop smoking: 

“I just woke up one morning and I thought I’m not going to do that anymore.  I was just 

thinking more about gums, you know, like mouth cancers and thing like that…I was 
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thinking to myself, ‘I’m just going to pack these in, they can’t be any good for your health 

or anything’, you know” (Keith, 25/25). 

This has particular relevance for smoking cessation efforts within a dental context, 

suggesting that a focus on systemic health and financial concerns may be more beneficial 

than a focus on oral health (discussed further in sub-section 6.3.3).   

Notably, self-efficacy beliefs also emerged as a particularly central determinant of smoking 

cessation attempts and success (as previously illustrated by Rose’s quote on Page 153).  This 

supports the argument for addressing self-efficacy as a component of smoking cessation 

therapy (Elshatarat et al. 2016).  It is likely that this importance of self-efficacy relates to the 

highly addictive nature of smoking (Benowitz 2010).  

4.3: Changing influences across the life course 

The third major theme determined from the interviews was that the factors influencing how 

and why individuals looked after their oral health changed across the life course.  

Specifically, three life course stages emerged as being reasonably distinct from each other – 

childhood, the transition to independent adulthood and independent adulthood itself.  

These periods were not strictly defined periods, not being defined by age nor being abruptly 

delineated in other ways, but, broadly speaking, they emerged as being distinct from each 

other according to the circumstances of individuals.  The ‘transition to independent 

adulthood’ was generally characterised as the period from when individuals started to gain 

significant independence from parents, until they had fully established this independence.  

The former often started in adolescence, and the latter was often associated with factors 

such as being established in living arrangements away from home, being financially 

independent or entering into a marital partnership.  Accordingly, ‘childhood’ was considered 

the period prior to this transition stage and ‘independent adulthood’ the remaining period of 

adulthood beyond this transition stage, up until age 67 (the age of the participants at 

interview).  These three phases accord relatively closely, although not exactly, with 

previously proposed life course stages of relevance to health behaviour, such as Schooling 

and Kuh’s (2002) recognition of the importance of ‘childhood’, ‘adolescence and early 

adulthood’, and ‘adulthood’.   

Of note, older adulthood is also often recognised as a distinct life course stage (Barkan 2011; 

Kowal and Dowd 2001), often starting around age 60 or 65, although definitions vary (Kowal 
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and Dowd 2001).  However, such a distinct stage was not identified in this research in 

relation to the influences of OHBs, most likely because interviewees had only reached the 

age of 67. 

The following three sub-sections outline how the determinants of people’s beliefs and 

behaviours appeared to change across these three life course stages. Figure 12 supports 

these sections, summarising these changing influences.  Sub-section 4.3.4 further considers 

how such life course influences may have changed in more contemporary generations.   

 

Figure 12: The key factors determining how and why NTFS participants looked after their oral 
health, according to a life course perspective. 
NB: Blocks represent periods of contemporary influence.  Single black arrows represent 
lasting effects of past influences.   
 
4.3.1: Childhood determinants 

In childhood, the role of individual-level factors in determining behaviours appeared to be 

very limited.  Instead, predominant influences seemed to centre, not surprisingly, around 
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parents, with other authorities – such as the dental profession, schools and siblings – also 

playing a role.  

The predominant influence of parents during this stage related to their roles in controlling, 

guiding and role modelling OHBs.  As evidenced by Rose’s (14/0) quote on Page 148, many 

individuals described positive parental influences.  However, this was certainly not universal: 

“Well, the simple fact is, to put it bluntly, it was a failure of parenting to get me into a 

habit of brushing my teeth.  I’m not aware of any habit having been formed of brushing 

my teeth in the morning or the evening.  I have no recollection whatsoever of ever 

having received any information from them” (Malcolm, 30/27). 

Regarding the influence of the dental profession, this appeared to have been almost 

exclusively via its role in the development of dental anxiety and its subsequent impact upon 

dental attendance.  Unfortunately, traumatic experiences at the dentist were reportedly 

very common at this time.  These were particularly attributed to the ‘frightening’ technology 

and techniques used by dentists in those days (see John’s (14/11) quote on Page 147) and 

the particularly abrupt and uncompassionate chairside manner of dentists:  

“I was terrified of the dentist…It was horrendous…The dentist just drilled, he went on and 

on until I was just about out of the chair... He wouldn’t stop.  You would be waving your 

hand and he’d still keep going” (Lorraine, 28/18).   

The reported contribution of schools and older siblings also related to their roles in 

controlling, guiding and role modelling OHBs in this period, but was generally relatively 

minor across the sample as a whole.  Only a minority of individuals recalled seeing a dentist 

at school, whilst the provision of oral health education by these dentists or other sources 

within school was generally perceived to have been quite limited:  

“Classes were lined up outside the room and you were sort of wheeled in, and it was a 

very quick look and then out again.  So, I don’t think there was any feedback to me or to 

my parents at that time.  It was quite a superficial examination…Probably the dentist 

had about two hours to inspect about 200 kids or something” (Arthur, 0/0).  

Importantly, interviewees’ accounts and contemporary literature suggest that some of the 

above childhood influences may be different in more contemporary cohorts, in particular 
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relating to gender parenting roles and childhood experiences of dental visiting, but this will 

be explored further in sub-section 4.3.4. 

4.3.2: The transition to independent adulthood  

As individuals transitioned into independent adulthood, they began to gain greater 

autonomy from childhood authorities, although had not yet fully established their 

independence.  Consequently, the influence of parents, siblings and school in controlling and 

guiding behaviours appeared to persist in this period, but generally to a lesser extent than in 

childhood. 

Moreover, this was a period in which individual-level factors reportedly started to become 

key, as identified in previous health literature (Schooling and Kuh 2002): 

“I think, when you’re younger, it’s the responsibility of your parents to ensure that you 

look after your teeth…but, as you get older, it’s obviously up to you.  You’re the one 

that’s got to look after yourself, so it’s up to you” (George, 23/23).   

For example, this was the stage when factors such as the value placed on oral health and 

one’s level of oral health knowledge started to contribute to behaviours: 

“Well, my mother had false teeth by the time she was eighteen…and my brother had 

false teeth in his twenties…I had a bit more knowledge, plus I always looked after my 

teeth…I moved away from home when I was nineteen, so I had my own regime, you 

know, so I took care of it, because it was sensible, because I certainly didn’t want to have 

false teeth…Plus, I read up a bit about things if there was a problem, finding out what’s 

wrong…I was determined I wouldn’t have false teeth, and I think, it’s awful to say, I had 

a bit more intelligence than them [my parents], so I could see where things were 

leading” (Pam, 23/21). 

Notably, the increased individual responsibility attached to this stage of life resulted in some 

individuals improving their OHBs, like Pam (23/21) above.  However, for others (interestingly 

always males), it resulted in the temporary deterioration of their OHBs.  This was often 

attributed to the informality of this stage of life in the absence of parental control: 

 “In my teen years my teeth were pretty good, but when I went to college, I left 

Newcastle and I did slip there.  Out of the sight of your parents, you tend to let things 

slide, and so my [dental] treatment was responsive to sort of problems really…It was my 
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own fault, as I say, I hadn’t continued the good practice that my mother had regularised 

for me, and away from parental control I did let things drift…And given the sort of 

vagaries of youth, I think it [my diet] probably deteriorated quite badly to be honest.  You 

tend not to think about things like planning and what not…When you’re sort of young 

and carefree, those things tend to be of secondary importance really” (Steve, 23/22). 

As established in previous health literature (Schooling and Kuh 2002; Umberson et al. 2010), 

the role of peers also appeared to become particularly key in this period of increased 

independence.  Mirroring observations in previous oral health studies of adolescents 

(Ostberg et al. 2002; Stokes et al. 2006), many participants recalled improving their OHBs 

because the social acceptability of their oral health was a prominent concern when they 

started ‘going out’ and ‘socialising with the opposite sex’: 

“I don’t remember cleaning me teeth at all when I was young…[I started] when I was 

going out looking for boys, do you know what I mean?  Fifteenish, something like that.  

Like all the young ones that age, they start getting showers, don’t they, when they start 

going out on the town” (Dorothy, 0/0).  

Additionally, the OHBs of peers were perceived to have influenced participants’ own 

behaviours during this stage of life, as individuals started conforming to social norms.  As 

previously discussed in Section 4.2, peers were particularly influential in the initiation of 

smoking behaviours at the time.    

4.3.3: Independent adulthood 

As individuals progressed into independent adulthood, they had fully established their 

autonomy from childhood authorities.  As a result, the influence of individual-level factors 

appeared to remain key.  Of note, many individuals also recounted that they became more 

sensible, thoughtful and responsible as they got older, which had a positive impact on their 

behaviours: 

“Until you become a little bit older and a little bit more sensible and a little bit more 

starting looking at your future, you don’t give it [going to the dentist] a thought…” (Alan, 

27/27). 

Societal influences also remained prominent in this period, such as peer influences.  

However, it was notable that concerns about the social acceptability of oral health to peers 
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did not seem to be quite as important as in the transition to independent adulthood.  

Furthermore, it was throughout independent adulthood that the influence of media and 

marketing sources became increasingly prominent.  Importantly, its increasing influence was 

generally attributed to changes in the presence, accessibility and oral health content of 

media sources over time (period effects), rather than age or life course effects, the 

implications of which are discussed further in sub-section 4.3.4: 

“There’s more advertising now about looking after your teeth because you have the 

social media...and TV” (Cynthia, 25/22).    

“When it became advertised on television and what not about dental hygiene, and there 

was all these different toothpastes and different types of toothbrushes that did this and 

that and the other, then I think you become more aware…There was no television when 

we were kids.  I think the first television we got in our house was in 1957, 1960s, sort of 

thing, so there was no advertising because it was all BBC, so how would you know about 

dental hygiene and toothpastes?  It was only what you’d see on the billboard or what 

you’d read in the paper…Because of advertisement on the television I’m more aware of 

dental hygiene and what have you now than I was in the past.  I think that’s just because 

of that” (Bruce 0/0). 

Similarly, the influence of the dental profession was also perceived to have remained key for 

many individuals across the whole of adulthood.  Specifically, their continued impact on 

dental anxiety was recognised.  Notably, however, there was a common consensus that this 

influence had become more positive over this cohort’s lifetime, due to improvements in 

technology and dental professionals’ chairside manners: 

“Now I find that dentists have got time for you.  Before, they were very abrupt and 

rough, whereas now they’ll give you time.  And, if you tell them you’re afraid, they’ll say, 

‘don’t worry, you’re doing well’, you know.  They just put you at ease now more than 

they ever did” (Barbara, 21/18).   

Furthermore, the dental profession’s influence via oral health education also seemed to 

have become increasingly prominent over this cohort’s lifetime.  This was predominantly 

attributed to the provision of such education becoming more commonplace over time, 

which accords with the increasingly recognised importance of prevention within dentistry 

(DoH 2005; 2017a; Steele et al. 2009):   
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“Now, I think the whole dental hygiene issue is being addressed, people are more 

aware…I think dentists educate, I think dentists are more preventive. It used to be ‘we’ll 

fill the holes in’, but now they seem to want to prevent things happening” (Lorraine, 

28/18). 

The implications of such period changes on more contemporary UK generations are 

discussed further in sub-section 4.3.4. 

Regarding family influences, parental and sibling roles in actively guiding and controlling 

interviewees’ behaviours generally seemed to cease in independent adulthood.  Instead, 

central family influences reportedly transferred to spouses and children (where these were 

present).  Indeed, as discussed in sub-section 4.1.3, such influences (especially of spouses) 

were quite dominant for several individuals.   

This did not mean, however, that the influence of parents, siblings and other childhood 

authorities (such as schools) completely ceased in independent adulthood.  As introduced in 

sub-section 4.1.3, witnessing parents and siblings experience oral health problems was a 

commonly reported motivation for looking after one’s oral health, and such motivations 

were reported across the whole of adulthood.  Furthermore, guidance received around 

looking after one’s teeth in childhood was frequently reported to have had a lasting effect 

(beyond an active influence), sometimes even across the whole life course:  

“From the age of eleven, the school I went to, you had to go out in the yard in the 

morning and you were inspected.  Your shoes had to be clean, they checked that you 

cleaned, washed, [cleaned your] teeth.  That instigated the way you live from a personal 

hygiene point of view for the rest of your life” (Donald, 28/20).   

In a similar manner, it is important to highlight that many other influencing factors were also 

recognised to have had a lasting effect across the life course, beyond their active influence.  

Such lasting effects were generally associated with high-impact events, such as particularly 

traumatic experiences of dental visiting, or experiences of major systemic or oral health 

problems.  An example of the former is Bruce’s (0/0) quote on Page 146, where he justifies 

avoiding the dentist if at all possible for the remainder of his life following a traumatic 

experience in his childhood.  An example of the latter is Malcolm’s (30/27) quote below.  

Continuing his account of severe oral health problems at the age of 21 (see Page 151), he 

reported:  
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“I’d been in a place which wasn’t very nice because of my neglect.  I didn’t want to go 

back, I wanted to avoid that in the future…I had a wake-up call when I was 21 and it 

changed my whole attitude to dental care, which has held me in good stead for the rest 

of my life”. 

Previous evidence has also supported the long-lasting effects of such impactful events.  For 

example, studies have revealed the long-term effects of negative dental experiences on 

future dental anxiety and attendance (Borreani et al. 2010; Oliveira et al. 2017), whilst 

studies have also demonstrated the long-lasting impact of the Sentinel Event Effect (where a 

specific health event triggers behaviour change) (Boudreaux et al. 2012; Rigotti et al. 1994). 

4.3.4: Transferability of findings to contemporary generations 

As alluded to throughout this section so far (Section 4.3), a number of the factors 

determining how and why NTFS participants looked after their oral health may be period 

specific (i.e. specific to the particular period of time in which this cohort lived).  

Consequently, some findings of this research may not be transferable to more contemporary 

UK cohorts.   

As discussed in sub-section 4.3.3, there was a common consensus that the influence of the 

media and oral health education from dental professionals had increased over this cohort’s 

lifetime, as exposure to these influences had increased.  Consequently, it is arguable that 

these influences may commence earlier in the life course in more contemporary cohorts.  

Indeed, studies of more recent generations of adolescents support this hypothesis 

(Fitzgerald et al. 2004; Hall-Scullin et al. 2015; Östberg 2005).  Furthermore, the influence of 

the dental profession on dental anxiety was generally perceived to have become less 

negative over time.  Therefore, the profession’s contribution to dental anxiety may be more 

favourable in contemporary cohorts.  Nonetheless, evidence does show that dental anxiety 

and its impact upon childhood attendance is still a major current concern in the UK (Tsakos 

et al. 2015). 

In addition, period changes may be relevant to the contemporary transferability of some 

other findings.  Specifically, the predominant role of mothers in controlling and guiding the 

OHBs of this sample in childhood (sub-section 4.1.3) may be diminished in more recent 

generations, given greater balancing of gender roles (Monna and Gauthier 2008; Oláh et al. 

2018).  However, it is likely such disparities will still persist to a certain extent (Curtice et al. 



166 
 

2019; ONS 2020b).  It is also worth considering whether the role of schools in controlling and 

guiding OHBs will be similar now to in the 1950s.  Although schools in some areas currently 

benefit from local oral health initiatives (Childsmile 2014; Designed to Smile 2020a; Greater 

Manchester Health and Social Care Partnership 2019; NHS.UK 2020a), evidence suggests the 

focus on oral health in UK schools in general remains poor (FDI 2019). 

4.4: Sufficiency and competition between influencing factors 

Interviewees’ accounts revealed that multiple influences of their oral health beliefs and 

behaviours were often present concurrently.  The final major theme emerging from this 

study related to the interplay between such influences.  

The first observation related closely to the PRIME theory of motivation – a contemporary 

theory which argues that people make decisions based on the balance of all of their 

motivations (West 2006).  According with this theory, many of the identified determinants of 

behaviours in this research appeared to impart their influence by shaping motivation, and it 

was apparent that the overall direction of motivation was determined by the balance of its 

component contributors.  Influences such as systemic health issues, concerns about the 

social acceptability of oral health and experiences of one’s own oral health problems were 

frequently reported positive motivators of behaviours.  Conversely, factors such as the 

pleasure of enjoyment, dental anxiety and time availability were common negative 

influencers of motivation.  In addition, it was particularly notable that, in some cases, 

negative motivators only seemed to prevail in the absence of compelling positive drivers.  

However, in other cases, negative motivators could be so strong – often related to 

enjoyment and dental anxiety – that few positive motivators, however strong, could 

outweigh this motivation.  In illustration of the former, George talked about balancing the 

enjoyment of sugary foods with oral health harms, but had experienced relatively few oral 

health problems over his life.  In contrast, in illustration of the latter, Michael suggested that 

very little, if anything, could be more important than his experience of enjoyment:  

“Over a day, I have maybe six cups of tea, and I always have a spoonful of sugar…And on 

a morning, I tend to have cornflakes and a banana, but then I’ll sprinkle some sugar 

on…Over the years, I’ve been told that sweet stuff like sweets and sugar can, well, rot 

your teeth basically, but you tend to ignore it I think.  I think the thing is you tend to 
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offset the pleasure of the taste of the sugar against what harm it’s doing you…It’s a 

balancing act really” (George, 23/23). 

“They say, ‘go on a diet, do this do that’.  I’m not into that…A lot of time the foods are 

not appetising so I just eat what I enjoy and that’s it…Even [if it was] life threatening, I 

would carry on.  I don’t know what it would take for me to change.  I don’t think I could 

change…People say you live another five year.  Well, it’s enjoying yourself while you’re 

here not how long you live” (Michael, 26/20).  

The second observation related closely to the contemporary COM-B theory of behaviour, 

which asserts that behaviour is not only the result of motivation, but that capability and 

opportunity must also be present (Michie et al. 2011).  Supporting this theory, several of the 

influencing factors of OHBs identified in this research appeared not to impart their influence 

by affecting motivation but instead by acting as barriers and facilitators of behaviours, i.e. 

determining capability and opportunity.  For example, parents and spouses seemingly acted 

as facilitators when controlling and guiding interviewees’ OHBs, such as arranging dental 

appointments.  Furthermore, the possession of knowledge was, more often than not, 

discussed as a facilitator of behaviours once motivation was present from elsewhere.  The 

latter accords with contemporary understandings of health behaviour, which recognise that 

knowledge and information alone do not generally drive behaviour (Darnton 2008; Kelly and 

Barker 2016; NICE 2014). 

Crucially, in support of the COM-B model, interviewees’ accounts often suggested that, if a 

sufficient barrier was present (to capability or opportunity), the behaviour was not 

performed, irrespective of the level of the motivation:  

 “I considered that I don’t think I’ll go to a dentist again because of the experience I had 

[when I was twenty]…It was horrible…If I had a pain in my tooth, I’d keep that pain in my 

tooth rather than go, until I couldn’t stand it any longer.  You just take the pain killers 

and hope for the best” (Dorothy, 0/0). 

Conversely, the acquisition of capability and opportunity did not generally result in 

behaviour change until an accompanying motivation was not present.  Cynthia’s (25/22) 

account illustrates this when she talks about the receipt of oral health education from the 

dental profession: 



168 
 

“You went to the dentist, and you tried to take in what they were telling you, but I can’t 

say I’ve ever [paid any attention]…until later life, until I’ve had a couple of problems, and 

then you have to listen to what they’re telling you”. 

4.5: Summary of qualitative findings 

In summary, the qualitative interviews suggested that multiple factors determined how and 

why the interviewees looked after their oral health across their life course, and that these 

particularly related to the dental profession, society, family and the individuals themselves 

(Figure 11).  The dental profession was predominantly perceived to have exerted its 

influence by contributing to dental anxiety and by providing oral health education.  Societal 

determinants included schools, peers and media and marketing sources, whilst family 

influences focused around parents and spouses but also included siblings and children.  Such 

societal and family sources reportedly exerted their influence via a range of pathways, such 

as controlling or guiding OHBs, providing oral health information or shaping behavioural 

norms.  Individual-level factors included a multitude of influences, such as oral health 

knowledge, beliefs about the value of oral health, systemic health concerns, personality 

dispositions, the availability of time and financial considerations.  The above influencing 

factors were invariably not independent of each other but connected by multiple pathways 

(Figure 11). 

The influences of different OHBs reportedly varied depending upon the specific behaviour in 

question.  Broadly speaking, this research suggested that oral hygiene and dental attendance 

behaviours shared a similar profile of influencing factors, with the addition of dental anxiety 

as a key determinant of dental attendance.  Dietary behaviours (i.e. sugar consumption) also 

appeared to share a similar profile of determinants, but the pleasure of enjoyment and, 

moreover, systemic health concerns were additional central influences.  In relation to 

smoking behaviours, the predominant influencing factors discussed were quite specific.  The 

initiation of smoking was almost exclusively attributed to peer influences and, to a lesser 

extent, parental influences.  The experience of enjoyment, or moreover addiction, was then 

predominantly blamed for the continuation of smoking.  Subsequently, smoking cessation 

was principally attributed to two factors – predominantly systemic health but also financial 

concerns, with oral health being a rarely considered factor.  
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Furthermore, this research suggested that the factors influencing how individuals cared for 

their oral health changed across the life course (Figure 12).  In childhood, individuals had 

little independence, and predominant influences seemed to centre around parents, 

particularly mothers.  The dental profession also reportedly significantly influenced dental 

anxiety, whilst schools and siblings appeared to play a more minor role.  As individuals 

transitioned to independent adulthood, they gained greater independence, although this 

was not yet fully established.  Consequently, the influence of parents and other childhood 

authorities (such as schools and siblings) seemed to persist in this period, but generally to a 

lesser extent than in childhood.  Moreover, individual-level factors and peers become 

particularly important during this stage.  As individuals progressed into independent 

adulthood, a central role of individual-level factors, society (peers and the media) and the 

dental profession reportedly persisted.  However, the predominant influence of family 

members generally shifted away from parents (and siblings) and re-centred especially 

around spouses, but also around children. 

This research also provided an insight into the interplay between determinant factors, when 

multiple competing influences were present.  Firstly, this research supported the 

applicability of the PRIME theory of motivation (West 2006) to OHBs – i.e. motivation for 

behaviours seemed to be determined by the overall balance of competing motivators at that 

time.  Moreover, negative motivators of OHBs, such as enjoyment and dental anxiety, were 

sometimes so strong that few positive motivators could outweigh them.  Secondly, this 

research supported the applicability of the COM-B model (Michie et al. 2011) to OHBs.  

Crucially, it demonstrated that the absence of capability or opportunity impeded behaviours 

even if motivation was high, and that the presence of capability or opportunity was often 

insufficient to affect behaviour in the absence of motivation.   

It is important to note, however, that there are likely some differences in the determinants 

of behaviours between this cohort and more contemporary populations.  In particular, 

period increases in the provision of oral health education by dental professionals and oral 

health messaging in the media may have resulted in an increased prominence of such 

influences in more contemporary populations.  Furthermore, improvements in dentists’ 

chairside manners and dental technologies may have reduced the negative and enhanced 

the positive impact of the dental profession on dental anxiety.  
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Chapter 5: Quantitative path analysis results 

This chapter presents the results of the quantitative study – a life course path analysis of the 

determinants of age 63 tooth retention in the NTFS cohort.  In accordance with the methods 

described in Section 3.7, this chapter firstly presents summary statistics for all of the 

variables to be included in the path model building process, followed by univariable and 

multivariable regression analyses of the associations between the potential predictor 

variables and age 63 tooth retention.  Subsequently, the final path model is presented, 

constructed using the sample of 198 individuals with complete data, along with tests of its 

goodness-of-fit.  Finally, the testing of this final path model on the two larger samples (n = 

245 and 233), as outlined in sub-section 3.7.17, is reported. 

5.1: Summary statistics 

Table 23 presents the summary statistics for all variables, calculated from the full eligible 

sample for the path analysis (n=245).  Median tooth retention at age 63 was 25, with an 

interquartile range between 21 and 27.  There were more females in the sample than males 

(58%); 19% belonged to a partly skilled/unskilled social class at birth, but only 10% remained 

in this social class at age 50; and only 39% of the sample achieved A-levels or above.   

Tooth brushing frequency was poor in adolescence but improved across the life course, with 

43%, 67% and 72% reporting brushing at least twice daily at ages 15, 35 and 50 respectively.  

Dental attendance was poor at age 15, with only 57% attending for a check-up at least 

yearly.  By ages 35 and 50, 86% and 89%, respectively, were attending the dentist for a 

check-up every two years.  Between the ages of 10 and 29, 45.7% of participants smoked; 

the median pack-years smoked by this group over this nineteen-year period was six. 

Between the ages of 30 and 62, 33.1% of participants smoked; the median pack-years 

smoked by this group over this 32-year period was 11.5.  At age 50, mean daily total sugar 

consumption for men was 116g (similar to the current UK Guideline Daily Amount for Men, 

which is 120g (Food and Drink Federation 2013)).  For women, the mean intake of 117g was 

higher than the UK Guideline Daily Amount for women, which is 90g (Food and Drink 

Federation 2013).  Just over half (52.5%) of the sample were in the higher quantile for daily 

sugar intake, in relation to the full NTFS dataset (n=541).  Almost two-thirds (61%) reported 

that they received strong or moderate encouragement from their parents/guardians to look 

after their teeth in childhood.   
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Dental anxiety was not uncommon.  In late adulthood, participants scored a median of 9 on 

the MDAS (which ranges from 5 to 25 (Humphris et al. 1995)); 7.9% of individuals also scored 

19 or above, so would be classified as dentally phobic (King and Humphris 2010).  The 

median score for dental anxiety in early adulthood was slightly higher, being 7 on a scale 

from three to fifteen. 

Independent variable n Mean (SD) 

Standardised birth weight 245 -0.1 (1.1) 

  Median (IQR) 

Years married 233 38 (34-41) 

Pack-years 10-29 245 0.0 (0.0-5.1) 

Pack-years 30-62 242 0.0 (0.0-5.0) 

Dental anxiety (early adulthood) 242 7 (5-10) 

Dental anxiety (late adulthood) 242 9 (7-12) 

Tooth count age 63 245 25 (21-27) 

  n (%) 

Sex 
   Male 
   Female 

245  
103 (42.0) 
142 (58.0) 

Social class birth 
   Partly skilled/unskilled 
   Skilled/managerial & technical/professional 

241  
45 (18.7) 
196 (81.3) 

Social class 50 
   Partly skilled/unskilled 
   Skilled/managerial & technical/professional 

241  
25 (10.4) 
216 (89.6) 

Education level 
   Below A-levels 
   A-levels or above    

238  
145 (60.9) 
93 (39.1) 

Parental encouragement 
   Little/none 
   Strong/mod 

244  
95 (38.9) 
149 (61.1) 

Illness limiting daily activity (age 50) 
   No 
   Yes 

242  
213 (88.0) 
29 (12.0) 

Sugar consumption 50 
   <109.86g/day (Quantile 1) 
   >109.86g/day (Quantile 2) 

242  
115 (47.5) 
127 (52.5) 

Dental attendance 15 
   Less than once per year 
   At least once per year  

237  
103 (43.5) 
134 (56.5) 

Dental attendance 35 
   Less than once every 2 years 
   At least once every 2 years     

236  
34 (14.4) 
202 (85.6) 

Dental attendance 50 
   Less than once every 2 years 

239  
26 (10.9) 
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   At least once every 2 years     213 (89.1) 

Tooth brushing 15 
   Once daily or less 
   Twice daily or more    

235  
133 (56.6) 
102 (43.4) 

Tooth brushing 35 
   Once daily or less 
   Twice daily or more    

234  
77 (32.9) 
157 (67.1) 

Tooth brushing 50 
   Once daily or less 
   Twice daily or more    

233  
66 (28.3) 
167 (71.7) 

Table 23: Summary statistics of the final eligible sample for the path analysis (n=245).  
 

Comparing this sample to the rest of the UK population of the same generation is 

challenging due to the lack of available comparable data but, where comparisons are 

possible, these are presented in Appendix N.  The sample appears representative in terms of 

age 63 tooth retention (Fuller et al. 2011), age 69 dental anxiety (Nuttall et al. 2011a) and 

age 50 tooth brushing frequency (Kelly et al. 2000).  However, this NTFS sample had a higher 

proportion of females (58% compared to 51%), regular dental attendance at age 50 (73% 

compared to 64%) and a lower proportion of smokers at age 50 (16% compared to 27%).  

This potential bias of the sample towards females and those with better health behaviours is 

likely the result of loss to follow-up bias and, possibly, also the Hawthorne effect (as 

introduced in sub-section 3.7.1) (French and Sutton 2010; Godin et al. 2008).  The potential 

impact of this on the interpretation of the results is addressed in the discussion (sub-section 

6.2.4).  

5.2: Univariable regression analyses 

Table 24 shows the results of unadjusted univariable regression analyses between potential 

life course predictor variables and tooth count aged 63.  Greater parental encouragement to 

look after one’s teeth in childhood, higher educational attainment, higher age 50 social class, 

lower pack-years of smoking between ages 10 and 29 and ages 30 and 62, lower dental 

anxiety in early and late adulthood, more frequent dental attendance at age 50, and more 

frequent tooth brushing at ages 15, 35 and 50 were all significantly associated with higher 

tooth counts at age 63 (at least at the 5% significance level). 

Independent variable β 95% CI p-value 

Sex  
    Male (ref) 
    Female 

 
 
-0.870 

 
 
(-2.223, 0.484) 

 
 
0.207 
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Independent variable β 95% CI p-value 

Standardised birth weight -0.129 (-0.767, 0.508) 0.691 

Parental encouragement 
   Little/none (ref) 
   Strong/mod 

 
 
1.458 

 
 
(0.096, 2.819) 

 
 
0.036* 

Education level 
   Below A-levels (ref) 
   A-levels or above    

 
 
2.951 

 
 
(1.628, 4.274) 

 
 
<0.001** 

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

 
 
1.200 

 
 
(-0.500, 2.899) 

 
 
0.166 

Social class 50 
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

 
 
2.453 

 
 
(0.278, 4.629) 

 
 
0.027* 

Years married -0.046 (-0.107, 0.015) 0.140 

Illness limiting daily activity (age 50) 
   No (ref) 
   Yes 

 
 
-0.717 

 
 
(-2.752, 1.318) 

 
 
0.488 

Pack-years 10-29 -0.146 (-0.273, -0.019) 0.024* 

Pack-years 30-62 -0.116 (-0.185, -0.048) 0.001** 

Dental anxiety (early adulthood) -0.436 (-0.644, -0.227) <0.001** 

Dental anxiety (late adulthood) -0.429 (-0.566, -0.292) <0.001** 

Sugar consumption 50 
   <109.86g/day (Quantile 1) (ref) 
   >109.86g/day (Quantile 2) 

 
 
-0.554 

 
 
(-1.907, 0.798) 

 
 
0.420 

Dental attendance 15 
   Less than once per year (ref) 
   At least once per year  

 
 
1.108 

 
 
(-0.267, 2.483) 

 
 
0.114 

Dental attendance 35 
   Less than once every 2 years (ref) 
   At least once every 2 years     

 
 
1.257 

 
 
(-0.696, 3.210) 

 
 
0.206 

Dental attendance 50 
   Less than once every 2 years (ref) 
   At least once every 2 years     

 
 
3.595 

 
 
(1.454, 5.735) 

 
 
0.001** 

Tooth brushing 15 
   Once daily or less (ref) 
   Twice daily or more    

 
 
1.768 

 
 
(0.390, 3.146) 

 
 
0.012* 

Tooth brushing 35 
   Once daily or less (ref)  
   Twice daily or more    

 
 
2.011 

 
 
(0.554, 3.469) 

 
 
0.007** 

Tooth brushing 50 
   Once daily or less (ref) 
   Twice daily or more    

 
 
1.960 

 
 
(0.490, 3.429) 

 
 
0.009** 

Table 24: Results of univariable regression analyses between life course predictor variables 
and tooth count aged 63.  
 * p<0.05, **p<0.01 
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5.3: Full multivariable regression analysis 

Table 25 reports the results of the adjusted multivariable regression analysis between all 

potential life course predictor variables and tooth count aged 63.  Lower levels of dental 

anxiety in late adulthood and more frequent dental attendance at age 50 remained 

significantly associated with higher tooth retention at age 63 (p<0.01 and <0.05 

respectively).  However, less frequent dental attendance at age 35 was now also associated 

with greater tooth retention at age 63 (p<0.01). 

Independent variable β 95% CI p-value 

Sex  
    Male (ref) 
    Female 

 
 
-0.103 

 
 
(-1.656, 1.450) 

 
 
0.896 

Standardised birth weight 0.074 (-0.534, 0.682) 0.811 

Parental encouragement 
   Little/none (ref) 
   Strong/mod 

 
 
0.548 

 
 
(-0.969, 2.064) 

 
 
0.477 

Education level 
   Below A-levels (ref) 
   A-levels or above    

 
 
1.415 

 
 
(-0.079, 2.909) 

 
 
0.063 

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

 
 
-0.223 

 
 
(-2.106, 1.660) 

 
 
0.816 

Social class 50 
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

 
 
0.433 

 
 
(-1.912, 2.778) 

 
 
0.716 

Years married -0.016 (-0.073, 0.041) 0.581 

Illness limiting daily activity (age 50) 
   No (ref) 
   Yes 

 
 
-0.381 

 
 
(-2.339, 1.578) 

 
 
0.702 

Pack-years 10-29 0.020 (-0.178,0.217) 0.845 

Pack-years 30-62 -0.068 (-0.168, 0.033) 0.187 

Dental anxiety (early adulthood) -0.178 (-0.443, 0.087) 0.186 

Dental anxiety (late adulthood) -0.271 (-0.453, -0.088) 0.004** 

Sugar consumption 50 
   <109.86g/day (Quantile 1) (ref) 
   >109.86g/day (Quantile 2) 

 
 
-0.987 

 
 
(-2.308, 0.333) 

 
 
0.142 

Dental attendance 15 
   Less than once per year (ref) 
   At least once per year  

 
 
1.022 

 
 
(-0.637, 2.681) 

 
 
0.226 

Dental attendance 35 
   Less than once every 2 years (ref) 
   At least once every 2 years     

 
 
-3.382 

 
 
(-5.717, -1.047) 

 
 
0.005** 

Dental attendance 50 
   Less than once every 2 years (ref) 
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Independent variable β 95% CI p-value 

   At least once every 2 years     2.583 (-0.006, 5.171) 0.050* 

Tooth brushing 15 
   Once daily or less (ref) 
   Twice daily or more    

 
 
-0.659 

 
 
(-2.331, 1.012) 

 
 
0.438 

Tooth brushing 35 
   Once daily or less (ref)  
   Twice daily or more    

 
 
1.035 

 
 
(-1.312, 3.382) 

 
 
0.385 

Tooth brushing 50 
   Once daily or less (ref) 
   Twice daily or more    

 
 
0.579 

 
 
(-1.689, 2.847) 

 
 
0.615 

Table 25: Results of a multivariable regression analysis between life course predictor 
variables and tooth count aged 63 (n=198). 
* p<0.05, **p<0.01 
 
5.4: Reduced multivariable regression analysis 

Table 26 reports the results of a reduced multivariable regression model, including only the 

predictor variables significantly associated with tooth count age 63 in the preceding full 

multivariable regression analysis.   As described in sub-section 3.7.13, this reduced model 

was produced to form the basis of the path model building process.   Lower dental anxiety in 

late adulthood, more frequent dental attendance at age 50 and less frequent dental 

attendance at age 35 continued to be significantly associated with higher tooth retention at 

age 63 (p<0.01, <0.05 and <0.05 respectively).   

Independent variable β 95% CI p-value 

Dental anxiety (late adulthood) -0.363 (-0.509, -0.216) <0.001** 

Dental attendance 35 
   Less than once every 2 years (ref) 
   At least once every 2 years  

 
 
-2.285 

 
 
(-4.435, -0.134) 

 
 
0.037* 

Dental attendance 50 
   Less than once every 2 years (ref) 
   At least once every 2 years     

 
 
2.845 

 
 
(0.389, 5.301) 

 
 
0.023* 

Table 26: Results of a reduced multivariable regression analysis between life course predictor 
variables and tooth count aged 63 (n=198). 
* p<0.05, **p<0.01 
 
5.5: Final path model 

As discussed in sub-section 3.7.13 and presented in Appendix L, the path model building 

process involved 54 model iterations.  This was developed via a process of model building 

and model trimming, starting with the above reduced multivariable regression model 

reformatted as a path model.  Figure 13 presents the final path model for the life course 



176 
 

determinants of tooth count at age 63, produced as a result of this process.  Significant 

regression paths (p<0.05) are represented in the figure by arrows, with solid arrows and 

dotted arrows representing direct and indirect pathways to tooth count age 63, respectively.  

Values attached to arrows are standardised regression coefficients, which represent the 

standard deviation change in the dependent variable given a one standard deviation change 

in the predictor variable (Lei and Wu 2007).  Values in boxes are the standardised total 

effects of variables on tooth count age 63.  These represent the overall standard deviation 

change in tooth count at age 63, given a one standard deviation change in the predictor 

variable (mediated via both direct and indirect pathways) (Lei and Wu 2007). 

 

Figure 13: Final path model of the relationships between life course predictor variables and 
tooth count age 63 (n=198). 
Arrows represent significant regression paths between variables (p<0.05), according to 
bootstrapped estimates (based on 50,000 samples).  Solid arrows and dotted arrows 
represent direct and indirect pathways to tooth count age 63, respectively.  Values attached 
to arrows are standardised regression coefficients.  Values in boxes are standardised total 
effects of variables on tooth count age 63 (via direct and indirect pathways). 
 

Table 27 also tabulates the standardised total effects of each variable on age 63 tooth count, 

but also reports corresponding unstandardised total effects (representing the unit change in 

age 63 tooth retention given a one unit change in each predictor variable).  In addition, it 

breaks down these standardised and unstandardised total effects into standardised and 
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unstandardised direct effects (if a path passes directly from a predictor variable to tooth 

retention) and indirect effects (if the effects of predictor variables on tooth retention are 

mediated through other variables).  95% confidence intervals and significance values for all 

effects are also presented, according to bootstrapped estimates.  For example, Table 27 

shows that being educated to A-level standard or above, compared to below A-level 

standard, is associated with retaining 1.819 more teeth at age 63 (unstandardised total 

effect).  The equivalent standardised total effect is 0.188 (Figure 13 and Table 27), meaning 

that a one standard deviation improvement in education level is associated with a 0.188 

standard deviation improvement in age 63 tooth retention.  Figure 13 and Table 27 further 

show that this total effect of education level on age 63 tooth retention is primarily via a 

direct route (91%), with only 9% of this total effect being indirect (mediated by pack-years 

smoking age 30 to 62).   

For completeness, Appendix O  further tabulates the standardised regression coefficients for 

every individual regression path between all variables (the values attached to arrows in 

Figure 13), but also presents the unstandardised versions of these coefficients, alongside 

95% confidence intervals and p-values for all coefficients. 
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 Direct effects Indirect effects Total effects 

Predictor variable 
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Sex  
    Male (ref) 
    Female 

      -0.978 (-1.771, 
-0.294) 

-0.100 (-0.169, 
-0.032) 

0.003 100 -0.978 (-1.771, 
-0.294) 

-0.100 (-0.169, 
-0.032) 

0.003 

Parental encouragement 
   Little/none (ref) 
   Strong/moderate 

      0.159 (0.055, 
0.323) 

0.016 (0.006, 
0.031) 

<0.001 100 0.159 (0.055, 
0.323) 

0.016 (0.006, 
0.031) 

<0.001 

Education level 
   Below A-levels (ref) 
   A-levels or above    

1.658 (0.463, 
2.896) 

0.172 (0.050, 
0.293) 

0.006 91 0.161 (0.010, 
0.376) 

0.017 (0.001, 
0.039) 

0.031 9 1.819 (0.634, 
3.036) 

0.188 (0.069, 
0.306) 

0.003 

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & 
technical/professional 

      0.761 (0.293, 
1.367) 

0.059 (0.024, 
0.102) 

<0.001 100 0.761 (0.293, 
1.367) 

0.059 (0.024, 
0.102) 

<0.001 

Pack-years 10-29       -0.103 (-0.202, 
-0.014) 

-0.107 (-0.204, 
-0.014) 

0.023 100 -0.103 (-0.202, 
-0.014) 

-0.107 (-0.204, 
-0.014) 

0.023 

Pack-years 30-62 -0.072 (-0.141, 
-0.010) 

-0.143 (-0.270, 
-0.020) 

0.023 100       -0.072 (-0.141, 
-0.010) 

-0.143 (-0.270, 
-0.020) 

0.023 

Dental anxiety (early adulthood)       -0.242 (-0.411, 
-0.106) 

-0.154 (-0.242, 
-0.073) 

<0.001 100 -0.242 (-0.411, 
-0.106) 

-0.154 (-0.242, 
-0.073) 

<0.001 

Dental anxiety (late adulthood) -0.325 (-0.517, 
-0.154) 

-0.305 (-0.441, 
-0.156) 

<0.001 100       -0.325 (-0.517, 
-0.154) 

-0.305 (-0.441, 
-0.156) 

<0.001 
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 Direct effects Indirect effects Total effects 

Predictor variable 
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Dental attendance 15 
   Less than once per year (ref) 
   At least once per year     

      0.468 (0.188, 
0.848) 

0.047 (0.020, 
0.080) 

<0.001 100 0.468 (0.188, 
0.848) 

0.047 (0.020, 
0.080) 

<0.001 

Dental attendance 35 
   Less than once per 2 years (ref) 
   At least once per 2 years     

      0.425 (0.098, 
0.919) 

0.030 (0.007, 
0.063) 

0.003 100 0.425 (0.098, 
0.919) 

0.030 (0.007, 
0.063) 

0.003 

Dental attendance 50 
   Less than once per 2 years (ref) 
   At least once per 2 years     

      0.965 (0.276, 
1.885) 

0.061 (0.017, 
0.111) 

0.003 100 0.965 (0.276, 
1.885) 

0.061 (0.017, 
0.111) 

0.003 

Table 27: Unstandardised and standardised direct, indirect and total effects of life course variables on tooth count age 63, according to the final path 
model (n=198). 
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The primary finding in relation to this final path model relates to which predictor variables 

have a significant overall effect (total effect) on the outcome of age 63 tooth retention.  

Figure 13 and Table 27 show that greater parental encouragement to look after one’s teeth 

in childhood, education to A-level standard or above, being from a higher social class at birth 

and attending the dentist regularly for check-ups at ages 15, 35 and 50 all had a positive 

influence on age 63 tooth retention.  Conversely, female sex, higher pack-years of smoking 

between ages 10 and 29, and ages 30 and 62, and greater dental anxiety in early and late 

adulthood had a negative influence on tooth retention (Figure 13 and Table 27).  

Standardised birth weight, age 50 social class, the presence of illness limiting daily activities 

at age 50, the number of years married, sugar consumption at age 50, and tooth brushing 

frequencies at ages 15, 35 and 50 did not significantly influence tooth retention.  

The second key finding relates to the size of the overall effects of each variable on age 63 

tooth retention.  According to standardised estimates – which facilitate relative comparisons 

between variables with different units (Lei and Wu 2007), but can be misleadingly influenced 

by a variable’s sample variance (Frone 2012; Greenland et al. 1991) (sub-section 3.7.15) – 

higher dental anxiety in late adulthood had the greatest effect on age 63 tooth retention 

(standardised total effect: -0.305; 95% CI: -0.441, -0.156), followed by being educated to 

degree level or above (+0.188; 95% CI: 0.069, 0.306), higher dental anxiety in early 

adulthood (-0.154; 95% CI|: -0.242, -0.073), higher pack-years of smoking between ages 30 

and 62 (-0.143; 95% CI: -0.270, -0.020), higher pack-years of smoking between ages 10 and 

29 (-0.107; 95% CI: -0.204, -0.014), being female (-0.100; 95% CI: -0.169, -0.032), regular 

dental attendance at age 50 (+0.061; 95% CI: 0.017, 0.111), being in a higher social class at 

birth (+0.059; 95% CI: 0.024, 0.102), regular dental attendance at age 15 (+0.047; 95% CI: 

0.020, 0.080), regular dental attendance at age 35 (+0.030; 95% CI: 0.007, 0.063) and, finally, 

receiving strong or moderate parental encouragement to look after one’s teeth in childhood 

(+0.016; 95% CI: 0.006, 0.031).   

To put these standardised total effects into context and avoid the potentially misleading 

influence of a variable’s sample variance on standardised estimates (Frone 2012; Greenland 

et al. 1991), unstandardised total effects showed that being educated to degree level or 

above changed age 63 tooth retention by +1.819 (95% CI: 0.634, 3.036), being female by -

0.978 (95% CI: -1.771, -0.294), regular dental attendance at age 50 by +0.965 (95% CI: 0.276, 

1.885), being in a higher social class at birth by +0.761 (95% CI: 0.293, 1.367), regular dental 
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attendance at age 15 by +0.468 (95% CI: 0.188, 0.848), regular dental attendance at age 35 

by +0.425 (95% CI: 0.098, 0.919) and, finally, receiving strong or moderate parental 

encouragement to look after one’s teeth in childhood by +0.159 (95% CI: 0.055, 0.323).  

Reassuringly, the order of the size of the unstandardised total effects for the binary variables 

was the same as for the standardised total effects; hence, the latter have not been 

misleadingly affected by the variances of the sample variables.  Comparing the relative 

unstandardised total effects of the continuous variables (which is less intuitive, as the units 

differ significantly from the binary variables – hence the benefits of standardised total 

effects) found that an increased score of 5.6 in dental anxiety in late adulthood (28% of the 

twenty point scoring scale) resulted in the same effect as education level (unstandardised 

total effect of -1.819).  Furthermore, an increased score of 4.0 in dental anxiety in early 

adulthood (33% on a twelve point scoring scale), an increase of 13.6 pack-years of smoking 

between the ages of 30 and 62 (0.43 pack-years per year) and an increase of 9.5 pack-years 

of smoking between the ages of 10 and 29 (0.50 pack-years per year) resulted in the same 

effect as sex (unstandardised total effect of -0.978). 

Figure 14 is presented to further help contextualise these unstandardised total effects on 

age 63 tooth retention.  The positions of the variables in this figure mimic those in the final 

path diagram (Figure 13) for consistency.  The values attached to circles indicate the 

unstandardised change in age 63 tooth retention for the indicated change in each variable 

(compared to the reference category for binary variables).  The areas of the circles visually 

represent the size of this change.  For example, this figure visually shows that being 

educated to A-level standard or above has a greater overall effect on age 63 tooth retention 

than being in social class group I, II or III at birth (increasing tooth retention by 1.819, 

compared to 0.761 respectively).  Furthermore, this figure shows that being educated to A-

level standard or above has the same effect on tooth retention as moving 28% down the 

dental anxiety scale in late adulthood. 
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Figure 14: Visual representation of the sizes of the unstandardised total effects of predictor 
variables on age 63 tooth retention (n=198).   
Values attached to circles indicate the change in age 63 tooth count for the indicated change 
in each variable (compared to the reference category for binary variables).  The areas of the 
circles visually represent the size of this change.  
 

The third and final key finding in relation to the final path model relates to the pathways of 

influence of the predictor variables on age 63 tooth retention.  To supplement the 

breakdown of total effects into direct and indirect effects, provided in Table 27, Table 28 

additionally breaks down these indirect effects by individual pathways.  These tables show 

that the negative effects on tooth retention of pack-years smoking between ages 30 and 62 

and dental anxiety in late adulthood were direct effects, not mediated by intermediate 

variables.  The positive effect of education on tooth retention was also mainly direct (91%), 

but a small component was indirect via its influence on smoking between ages 30 and 62 

(9%).  The effects of all other variables on age 63 tooth retention, however, were purely 

indirect; pack-years of smoking between ages 10 and 29 exerted its effects via its influence 

on pack-years of smoking between ages 30 and 62; the effect of dental anxiety in early 

adulthood was predominantly indirect via dental anxiety in late adulthood (96%), but also via 

age 35 dental attendance (4%); the positive effect of parental encouragement to look after 

one’s teeth in childhood was mediated by its effect on dental attendance at age 15; the 
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positive effect of being in a higher social class at birth was predominantly mediated by its 

effect on education (78%), but also via its effects on age 15 dental attendance and parental 

encouragement; the effects of being female were predominantly mediated via detrimental 

influences on dental anxiety in early and later adulthood, but also detrimental effects on 

education; and, finally, the effects of dental attendance at each age were completely 

mediated via dental anxiety or dental attendance at subsequent ages.  Breaking down the 

latter, the effect of dental attendance at age 15 was predominantly via dental anxiety in 

early adulthood (90%), but also via dental attendance at age 35 (10%); the effect of dental 

attendance at age 35 was completely mediated via dental attendance age 50; and the effect 

of dental attendance at age 50 was completely mediated via its decreasing effect on dental 

anxiety in late adulthood. 
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Indirect pathway Unstandardised 
beta 

Sex  
   → dental anxiety (late adulthood) → tooth count age 63 
   → education level → tooth count age 63 
   → dental anxiety (early adulthood) → dental anxiety (late adulthood) → tooth count age 63 
   → pack-years 10-29 → pack-years 30-62 → tooth count age 63 
   → Dental attendance 15 → dental anxiety (early adulthood) → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 
   → education level → pack-years 30-62 → tooth count age 63 
   → Dental anxiety (early adulthood) → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 15 → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 15 → dental anxiety (early adulthood) → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count 

age 63 

 
-0.635 
-0.332 
-0.309 
0.194 
0.081 
0.055 
-0.032 
-0.012 
0.010 
0.003 

Parental encouragement 
   → dental attendance 15 → dental anxiety (early adulthood) → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 15 → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 15 → dental anxiety (early adulthood) → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count 

age 63 

 
0.137 
0.016 
0.006 
 

Education level 
   → pack-years 30-62 → tooth count age 63 

 
0.161 

Social class birth 
   → education level → tooth count age 63 
   → dental attendance 15 → dental anxiety (early adulthood) → dental anxiety (late adulthood) → tooth count age 63 
   → education level → pack-years 30-62 → tooth count age 63 
   → parental encouragement → dental attendance 15 → dental anxiety (early adulthood) → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 15 → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 15 → dental anxiety (early adulthood) → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count 

age 63 
   → parental encouragement → dental attendance 15 → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 
   → parental encouragement → dental attendance 15 → dental anxiety (early adulthood) → dental attendance 35 → dental attendance 50 → dental anxiety 

(late adulthood) → tooth count age 63 

 
0.541 
0.115 
0.053 
0.030 
0.014 
0.005 
 
0.004 
0.001 
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Indirect pathway Unstandardised 
beta 

Pack-years 10-29 
   → pack-years 30-62 → tooth count age 63 

 
-0.103 

Dental Anxiety (early adulthood) 
   → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 

 
-0.233 
-0.009 

Dental attendance 15 
   → dental anxiety (early adulthood) → dental anxiety (late adulthood) → tooth count age 63 
   → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 
   → dental anxiety (early adulthood) → dental attendance 35 → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 

 
0.404 
0.048 
0.016 

Dental attendance 35 
   → dental attendance 50 → dental anxiety (late adulthood) → tooth count age 63 

 
0.426 

Dental Attendance 50 
   → dental anxiety (late adulthood) → tooth count age 63 

 
0.966 

Table 28:  Indirect pathways from predictor variables to tooth count age 63, according to the final path model (n=198). 
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5.6: Goodness-of-fit statistics 

Table 29 reports several goodness-of-fit statistics for the final path model.  As evidence to 

reject the assumption of multivariate normality was demonstrated (Table 19, page 134), use 

of the robust goodness-of-fit statistics is most appropriate, as discussed in sub-section 

3.7.16.    

The unadjusted model chi-squared statistic was significant at the 1% level, but the robust 

model chi-squared p-value was above 0.05 (p=0.097).  This suggests that, when taking into 

account non-normality of the data, there was no evidence at the 5% level to reject the path 

model.  Furthermore, the unadjusted and robust normed chi-squared values, which are less 

sensitive to sample size, were 1.73 and 1.28 respectively.  Both of these values are well 

below recommended upper thresholds for acceptable model fit (ranging from 2 to 5) 

(Hooper et al. 2008), indicating a good model fit.   

Evaluating the approximate fit statistics reported, the unadjusted and robust CFI values were 

0.933 and 0.974 respectively.  According to previously suggested thresholds of 0.95 for good 

fit and 0.9 for adequate fit (Garson 2015), these statistics suggest adequate or even good 

model fit.  The unadjusted and robust RMSEA values of 0.061 and 0.038 also suggest 

adequate or even good model fit, based on suggested thresholds of 0.05 or 0.06 for good fit 

and 0.08 for adequate fit (Garson 2015). 

The R-squared statistic suggests fifteen percent of the variation in tooth count age 63 was 

explained by the final path model.   

Goodness-of-fit statistics Value 

Model chi-squared statistic (p-value) 77.65 (0.002) 

Robust model chi-squared statistic (p-value) 57.70 (0.097) 

Normed chi-squared value (unadjusted/robust) 1.73/1.28 

Comparative fit index (CFI) (unadjusted/robust) 0.933/0.974 

Root mean square error of approximation (RMSEA) 
(unadjusted/robust) 

0.061/0.038 

R-squared (tooth count age 63) 0.151 

Table 29: Goodness-of-fit statistics for the final path model of the life course determinants of 
age 63 tooth retention (n=198). 
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5.7: Testing model on full sample (n=245) 

The final path model, derived from the sample of 198 individuals with complete data, was 

tested on the full eligible sample for the path analysis (n=245), to assess the fit of this model 

when individuals with missing data were included.  As described in sub-section 3.7.17, full-

information maximum likelihood estimation allowed testing of this model in the presence of 

missing data, even though model building in the presence of missing data was not possible 

(Arbuckle 2016).  The use of bootstrapping, however, was not possible, as AMOS does not 

permit this function when data is missing (Arbuckle 2016).   

Application of the model to this full sample resulted in two of the model paths becoming 

non-significant at the 5% level (sex to dental attendance age 35 and dental anxiety (early 

adulthood) to dental attendance age 35).  Following removal of these paths, one further 

path became non-significant (education level to pack-years age 30-62).  Following removal of 

this path, all other direct paths remained significant at the 5% level.   

Changes to unstandardised and standardised total effects on age 63 tooth retention were 

substantial for sex (increasing from -0.978 and -0.100 to -1.492 and -0.141, respectively), 

negligible for pack-years 10-29 and modest for all other variables (Table 30). 
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Predictor variable 
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Sex  
    Male (ref) 
    Female 

-1.492 -0.141 

Parental encouragement 
   Little/none (ref) 
   Strong/moderate   

0.171 0.016 

Education level 
   Below A-levels (ref) 
   A-levels or above    

2.113 0.200 

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

0.874 0.065 

Pack-years 10-29 -0.104 -0.104 

Pack-years 30-62 -0.080 -0.147 

Dental anxiety (early adulthood) -0.279 -0.168 

Dental anxiety (late adulthood) -0.364 -0.324 

Dental attendance 15 
   Less than once per year (ref) 
   At least once per year     

0.456 0.043 

Dental attendance 35 
   Less than once every 2 years (ref) 
   At least once every 2 years     

0.490 0.033 

Dental attendance 50 
   Less than once every 2 years (ref) 
   At least once every 2 years     

1.087 0.065 

Table 30: Unstandardised and standardised total effects of life course variables on tooth 
count age 63, when the final path model was tested on the full eligible sample (n=245) 
 

Regarding goodness-of-fit statistics, the model chi-squared statistic increased to 92.271 and 

remained highly significant (p<0.001), suggesting a worse model fit.  However, as the robust 

model chi-squared p-value could not be produced – as missing values were present 

(Arbuckle 2016) – it was not possible to reliably assess the fit of this model according to the 

chi-squared p-value. 

According to supplementary fit statistics, the unadjusted normed chi-squared value 

increased to 1.92, which remains below recommended thresholds for good fit (Hooper et al. 

2008).  The unadjusted CFI also reduced minimally from 0.933 to 0.923 and the unadjusted 
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RMSEA remained the same at 0.061, suggesting the model remains an adequate fit (Garson 

2015).  However, again, robust values could not be calculated. 

The proportion of variance in tooth count age 63 explained by this model increased from 

0.151 to 0.173.   

5.8: Testing model on larger sample (n=223) 

As bootstrapping and the production of robust goodness-of-fit measures were not permitted 

when testing the final path model on the full sample (n=245), due to missing data, the final 

path model was also tested on the sample of 223 individuals, who had complete data for all 

of the predictor variables in the final model.   

Two of the model paths became non-significant at the 5% level (sex to dental attendance 

age 35 and dental anxiety (early adulthood) to dental attendance age 35).  Following 

removal of these non-significant paths, all other direct paths remained significant at the 5% 

level.   

Changes to unstandardised and standardised total effects on age 63 tooth retention were 

substantial for sex (increasing from -0.978 and -0.100 to -1.410 and -0.136, respectively) and 

modest for all other variables (Table 31). 
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Sex  
    Male (ref) 
    Female 

-1.410 -0.136 

Parental encouragement 
   Little/none (ref) 
   Strong/moderate    

0.175 0.017 

Education level 
   Below A-levels (ref) 
   A-levels or above    

2.111 0.205 

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

-0.874 -0.066 

Pack-years 10-29 -0.081 -0.082 

Pack-years 30-62 -0.065 -0.121 

Dental anxiety (early adulthood) -0.260 -0.159 

Dental anxiety (late adulthood) -0.349 -0.317 

Dental attendance 15 
   Less than once per year (ref) 
   At least once per year     

0.482 0.046 

Dental attendance 35 
   Less than once every 2 years  (ref) 
   At least once every 2 years     

0.522 0.036 

Dental attendance 50 
   Less than once every 2 years (ref) 
   At least once every 2 years     

1.139 0.069 

Table 31: Unstandardised and standardised total effects of life course variables on tooth 
count age 63, when the final path model was tested on the larger sample (with complete 
data for those variables included in the final path analysis) (n=233). 
 

Regarding goodness-of-fit statistics, the model chi-squared statistic increased to 100.197 and 

remained highly significant (p<0.001).  The robust model chi-squared p-value decreased to 

below 0.05, from 0.097 to 0.013, suggesting there is significant evidence that this model is 

not an appropriate fit to the data.   

The normed chi-square value, however, suggested a worsening but still adequate or even 

good model fit (Hooper et al. 2008) – the unadjusted and robust normed chi-squared values 

increased to 2.13 and 1.51 respectively.  Equally, the CFI and RMSEA values suggest a 

worsening but still adequate or even good model fit (Garson 2015) – the unadjusted and 
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robust CFI values reduced to 0.902 and 0.956, respectively, whilst the unadjusted and 

adjusted RMSEA values increased to 0.071 and 0.048, respectively. 

The proportion of variance in age 63 tooth count explained by this model increased from 

0.151 to 0.164.   

5.9: Summary of quantitative results 

According to the final path model constructed using the sample of 198 individuals with 

complete data, factors across the whole life course, including social, behavioural and 

psychological factors, influenced tooth retention at age 63.   

Comparing unstandardised total effects for binary variables, being educated to degree level 

or above had the greatest effect on age 63 tooth retention (+1.819), followed by being 

female (-0.978), regular dental attendance at age 50 (+0.965), being in a higher social class at 

birth (+0.761), regular dental attendance at age 15 (+0.468), regular dental attendance at 

age 35 (+0.425) and, finally, receiving strong or moderate parental encouragement to look 

after one’s teeth in childhood (+0.159).  Regarding relative comparisons for continuous 

variables, standardised total effects suggested that higher dental anxiety in late adulthood 

resulted in a greater negative effect than being educated to below degree level, and that 

higher dental anxiety in early adulthood, pack-years of smoking between ages 30 and 62 and 

pack-years of smoking between ages 10 and 29 resulted in greater negative effects than 

being female (in order of greatest effects), but lesser effects than education level.  Using 

unstandardised effects to provide context for these continuous variables, an increased score 

of 5.6 in dental anxiety in late adulthood (28% of the twenty point scoring scale) resulted in 

the same effect as education level (unstandardised total effect of -1.819).  Furthermore, an 

increased score of 4.0 in dental anxiety in early adulthood (33% on a twelve point scoring 

scale), an increase of 13.6 pack-years of smoking between the ages of 30 and 62 (0.43 pack-

years per year) and an increase of 9.5 pack-years of smoking between the ages of 10 and 29 

(0.50 pack-years per year) resulted in the same effect as sex (unstandardised total effect of -

0.978). 

In contrast, standardised birth weight, age 50 social class, the presence of illness limiting 

daily activities at age 50, the number of years married, sugar consumption at age 50 and 

tooth brushing frequencies at ages 15, 35 and 50 did not significantly influence tooth 

retention. 
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Regarding pathways of influence, the effects of pack-years of smoking between ages 30 and 

62 and dental anxiety in late adulthood were direct, as were the majority of the effects of 

education level.  However, the effects of all other factors on age 63 tooth retention were 

entirely mediated by intermediate variables. 

There was some evidence that the path model derived from the sample of 198 individuals 

was slightly different to the path model that would have been produced on the full eligible 

sample of 245 individuals, if missing data had not prevented model building using this latter 

sample.  Application of the final path model to the larger samples (n=245 and n=233) 

resulted in the loss of significance of a small number of direct paths and generally modest 

changes in the total effects of predictor variables on age 63 tooth retention (apart from 

substantial increases for sex).  There was also uncertainty regarding the acceptability of 

model fit according to goodness-of-fit statistics.   
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Chapter 6: Discussion 

This mixed-methods research comprised two separate but related studies.  Both addressed 

the overarching aim of this project – to investigate the life course determinants of oral 

health in the UK – but each focused on distinct objectives: the first explored the factors 

across the life course determining how and why people look after their oral health (using a 

qualitative methodology); and the second quantitatively modelled the contributions of 

determinant factors across the life course on oral health (specifically tooth retention). 

Section 6.1 and 6.2 of this Discussion chapter will firstly discuss the findings of these two 

studies independently from each other, considering their contributions to the existing 

literature in the context of their strengths and limitations.  Section 6.3 subsequently draws 

together these two studies, comparing their findings where their remits overlapped and 

reviewing their joint contribution to the overarching research aim, in the context of existing 

knowledge.  This third section also discusses the implications of this mixed-methods 

research for policy and practice and concludes by considering the implications of this project 

for future research.  

6.1: Qualitative Study 

6.1.1: Key findings 

A comprehensive summary of the findings of the qualitative interviews was provided in 

Chapter 4.  Hence, only a concise summary will be provided here to re-orient the reader 

whilst avoiding repetition.   

In brief, this research suggested that: 

• Multiple factors determined how and why interviewees looked after their oral health 

across the life course, and these particularly grouped around the following sources: 

the dental profession, society, family members and the individuals themselves.   

• Influences appeared to vary between different behaviours.  Broadly speaking, dental 

attendance, oral hygiene and dietary practices seemingly shared many similar 

influences, although dental attendance was additionally heavily influenced by dental 

anxiety, and dietary practices additionally influenced by enjoyment and, moreover, 

systemic health concerns.  In relation to smoking behaviours, the predominant 

influencing factors discussed were more specific, with initiation being predominantly 
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attributed to peer influences, and cessation primarily attributed to systemic health 

but also financial concerns. 

• Influences changed across the life course.  Parents were seemingly the predominant 

influencers in childhood, although schools, siblings and the dental profession also 

reportedly played a role, the latter especially in relation to shaping dental anxiety.  

During the transition to independent adulthood, the influence of childhood 

authorities seemed to persist, but individual-level factors and peers also began to 

play a predominant role.  Finally, in independent adulthood, a central role of 

individual-level factors, society (particularly peers and media sources) and the dental 

profession generally appeared to persist.  However, the predominant influence of 

family members often transferred from parents to spouses and children, especially 

the former. 

• The interplay between competing influences of behaviours was complex.  In support 

of the PRIME theory of motivation (West 2006), motivation for performing a certain 

behaviour seemed to be determined by the balance of all positive and negative 

motivators at a particular time.  Notably, dominant negative motivators appeared to 

be the pleasure of enjoyment, dental anxiety and a lack of time.  In support of the 

COM-B theory of behaviour (Michie et al. 2011), determinants of behaviours seemed 

to influence capability and opportunity as well as motivation.  Moreover, there was 

evidence that the absence of capability or opportunity impeded OHBs even if 

motivation was high, whilst the presence of capability or opportunity was often 

insufficient to affect behaviour in the absence of motivation.   

• There are likely some differences between the factors determining how and why this 

1947 cohort looked after their teeth and those influencing contemporary UK 

populations, relating to changes in factors such as media influences, the provision of 

oral health education by dentists and the anxiety-provoking nature of dental visits, 

amongst other things. 

6.1.2: Research strengths 

This qualitative research study had multiple strengths.  Firstly, as comprehensively reviewed 

in Section 2.14 of the literature review, it was the first qualitative study in the UK to focus 

specifically upon the determinants of people’s oral health-related behaviours from a life 

course perspective.  One previous UK study had used a qualitative life course approach to 
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explore the development of oral health in older adults, but the focus of this research was 

broader than that of the present study, and the published findings to date, of relevance to 

the aim of the present study, have been reasonably limited (Gibson et al. 2019; Kettle et al. 

2019).  Of note, this study was also published after the qualitative component of this PhD 

research was undertaken.  Other qualitative studies in the UK have focused mainly on the 

cross-sectional determinants of oral health and related behaviours at various ages (Amos 

and Bostock 2008; Borreani et al. 2010; Daly et al. 2010; Delaney et al. 2018; Gibson et al. 

2019; Gill et al. 2011; Gregory et al. 2007; Hall-Scullin et al. 2015; Hill et al. 2003; Kerr et al. 

2006; Marshman et al. 2016; Stokes et al. 2006).  In addition, a few qualitative studies have 

used a life course approach to study the determinants of oral health outcomes and 

behaviours in other countries, but these are scarce (Delaney and McCarthy 2011; MacEntee 

et al. 2019; Thomeer et al. 2019), and their applicability to UK populations is sometimes 

limited (MacEntee et al. 2019).   

Secondly, the methods used in the qualitative component of this research were generally 

very robust (as discussed in detail in Chapter 3).  Briefly, the sampling strategy used was 

purposeful and iterative, ensuring the sample reflected a diversity of individuals and 

allowing confirmation or disconfirmation of emerging ideas.  The sample size was also 

reasonable and allowed a pragmatic point of data saturation to be achieved.  Regarding the 

interviews, they were in-depth, allowing participants’ accounts to be thoroughly explored.  

Questioning was also primarily inductive, which enabled interviewees to explore issues of 

relevance to them, rather than pre-conceived topics.  However, elements of a deductive 

approach were also included, particularly to guide participants to discuss key, established 

OHBs if they did not do so voluntarily.  Finally, the data analysis process was robust, being 

methodical and systematic and involving a second researcher to improve validity.  Data 

analysis was also primarily inductive, meaning the findings were primarily generated from 

participants’ accounts.  However, importantly, deductive approaches also allowed these 

findings to be situated in the context of previous research and theory.     

6.1.3: Research limitations 

The limitations associated with this qualitative research have been discussed in detail in 

Chapter 3.  Hence, the intention of this section is purely to summarise the effects of these 

limitations on the validity and usefulness of the research findings.   
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A small number of limitations were considered to have had a moderate effect on the 

findings of this research.  Firstly, the reliance on interviewees’ retrospective recall of life 

course events has likely compromised the robustness of this research to a certain extent, 

especially the findings relating to earlier in the life course.  As discussed in sub-section 3.6.9, 

issues with memory recall were expressed in many interviews.  Fortunately, such issues were 

not widespread across whole accounts and the contribution of recollections explicitly 

affected by memory issues were modified accordingly during the data analysis process.  

Nonetheless, the extent to which recall issues may have imperceptibly affected participants’ 

responses is unknown and, therefore, the research findings should be treated with some 

level of caution.   

Secondly, the application of the research findings from a 1947 birth cohort to more 

contemporary generations is a further considerable limitation.  As discussed in sub-section 

3.6.9, period changes in the determinants of people’s behaviours were frequently 

recognised in the interviews, as would be expected according to current knowledge (Fielding 

1999; Glenn 2005; Oláh et al. 2018).  However, to mitigate for this limitation, such period 

changes were openly considered during the data analysis process (Section 4.3), and any 

proposed contemporary application of this research (sub-section 6.3.3) takes account of 

these issues.  Nonetheless, it must be borne in mind that this process relied to a certain 

extent on conjecture and postulation. 

All other limitations associated with this research must still be acknowledged, but it is likely 

that their effects on the robustness and utilisation of the research findings is more modest.  

Such limitations include: the reliance on participants’ subjective accounts as evidence, rather 

than observational methods, which is a recognised disadvantage of interview methodologies 

(Green and Thorogood 2018; Stimson and Webb 1975); the effect of myself as the 

researcher on the research process (see sub-section 3.6.8); and the generalisability of 

findings from a North-East England cohort, also biased by loss to follow-up, to the UK 

population.  As discussed in sub-section 3.6.1, the effects of the latter should have been 

minimised by the purposive sampling strategy, which actively sought out participants based 

upon specific characteristics, including current residence outside of North-East England.  

Furthermore, this study covered a very broad topic area – the focus being on the 

determinants of a range of different behaviours across the whole life course.  Although this 

was a strength of the study, this broad scope also sometimes limited the depth of detail that 
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could be reached on specific topics, such as the determinants of smoking initiation or 

cessation, which could themselves be substantial research topics in their own right (Pourtau 

et al. 2019; Tombor et al. 2017).  The findings of this study, therefore, must be utilised 

alongside other research within this field.  Lastly, the use of a primarily inductive approach 

to interviewing and data analysis (sub-sections 3.6.5 and 3.6.6), although identified as a 

strength of this research, could also be considered a limitation.  In particular, the decision 

not to base the interview topic guide and data analysis process around established health 

behaviour theories (such as the TDF and COM-B models (Cane et al. 2012; Michie et al. 

2011)) may have limited the exploration of more subtle influences, perhaps outside of an 

interviewees’ immediate awareness.   

6.1.4: Contribution to existing knowledge  

The findings of this qualitative research accord with well-accepted contemporary beliefs 

about the wider determinants of oral health (DoH 2005; Marmot and Bell 2011; Watt et al. 

2015; Watt 2007) – specifically that a diverse range of factors at the level of the individual 

and beyond determine oral health and related behaviours.  Perhaps understandably, 

however, given the reliance upon interviewees’ personal accounts, the findings of this 

research focused to a greater extent on more intermediate level determinants of people’s 

behaviours, such as social relationships and health service influences, rather than more 

upstream structural determinants, such as trade, economic policies or globalisation (Watt et 

al. 2015).   

Broadly speaking, the determinants of how and why people looked after their teeth, 

identified within this research, have been supported by previous evidence.  For example, 

prior research has suggested that individuals’ oral health beliefs and oral health-related 

behaviours are influenced by dental professionals – both via the provision of education 

(Gibson et al. 2019; Hall-Scullin et al. 2015; Jensen et al. 2011) and their contribution to 

dental anxiety (Borreani et al. 2010; Dahlander et al. 2019; Gregory et al. 2012); their 

parents (Gill et al. 2011; Kettle et al. 2019; Stokes et al. 2006), spouses (Lewis and Butterfield 

2007; Markey et al. 2008; Thomeer et al. 2019), siblings (McGee et al. 2015; Puri et al. 2019; 

Ragelienė and Grønhøj 2020) and children (Delaney and McCarthy 2011; Jarvis 1996; Kettle 

et al. 2019; Thomeer et al. 2019); the school environment (Bonell et al. 2019; Duijster et al. 

2015; Gibson et al. 2019; West et al. 2004); peer groups (Gibson et al. 2019; Hall-Scullin et al. 

2015; Hoffman et al. 2007; Rawahi et al. 2018); media and marketing sources (Bala et al. 
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2017; Fitzgerald et al. 2004; Jensen et al. 2011; Rawahi et al. 2018); and individual-level 

factors, such as health knowledge (Jensen et al. 2011; Rawahi et al. 2018; Syrjala et al. 2001) 

and beliefs about the value of health (Block et al. 2013; Fitzgerald et al. 2004; Gibson et al. 

2019; Gregory et al. 2007; Ostberg et al. 2002).   

Previous studies have also highlighted both similarities and differences between the 

determinants of different OHBs.  Like the present research, prior studies have identified 

many shared determinants between oral hygiene and dental attendance behaviours, but 

also some differences, such as dental anxiety.  However, the ability for detailed comparisons 

is limited by the small number of qualitative studies that distinguish between the 

determinants of these two behaviours, especially in mainstream populations in the UK (Gill 

et al. 2011; Gregory et al. 2007; Hill et al. 2003; Marshman et al. 2016). 

In relation to dietary behaviours, particularly sugar consumption, the present study also 

supports the prevailing view that the profile of influencing factors is very broad.  The 

ecological framework depicted in Figure 15 was constructed by Story et al. (2008) and 

outlines the multiple potential influences of people’s diets.  Individual studies examining 

influences of food choice in general (Bloom et al. 2017; Delaney and McCarthy 2011; 

Goldthorpe et al. 2018; Host et al. 2016; Wham and Bowden 2011; Whitelock and Ensaff 

2018), and influences of sugar consumption (Battram et al. 2016; Block et al. 2013; Graham 

et al. 2013; Krukowski et al. 2016; Rawahi et al. 2018), also evidence such broad arrays of 

determinants.  Of particular relevance, the importance of health concerns as a key influence 

of diet is widely recognised in the literature (Battram et al. 2016; Delaney and McCarthy 

2011; Goldthorpe et al. 2018; Host et al. 2016; Rawahi et al. 2018).  In particular, studies 

have shown that major health events are one of few factors generally sufficient to bring 

about substantial changes in dietary trajectories (Devine 2005; Edstrom and Devine 2001).  

However, limited research to date has explored the contribution of oral health concerns to 

dietary behaviour change (Rawahi et al. 2018), highlighting the important contribution of the 

present research.  Notably, the existing evidence to date supports the suggestion of the 

present study that oral health concerns are generally of secondary importance to systemic 

health concerns (Rawahi et al. 2018).  



199 
 

 

Figure 15: An ecological framework depicting the multiple influences on what people eat.  
Reproduced from (Story et al. 2008). 
 

With regards to smoking behaviours, this study revealed only a few of the diverse 

determinants of smoking initiation proposed by previous research (Figure 16) (Wood et al. 

2019) – predominantly the role of peers and, secondarily, parents.  Such influences have 

previously been identified as particularly central determinants of smoking initiation 

(Hoffman et al. 2007; Simons-Morton and Farhat 2010), likely explaining their dominance 

within the present study.  The recognition of other potential influencing factors in this 

research may have been limited by the retrospective nature of people’s recollections about 

smoking initiation, which relied upon recall from at least forty years earlier, and also the 

broad focus of this research study, which limited the depth to which each individual topic 

could be explored.  Period changes may also partly explain differences in the determinants 

of smoking initiation identified in the present study compared to contemporary research 
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(Wood et al. 2019), for example changes in exposure to media sources since the mid-

twentieth century (see sub-section 4.3.4) (Ortiz-Ospina 2019; Roser et al. 2015).  

 

Figure 16: Illustration of the multiple influences of smoking initiation.  Reproduced from 
(Wood et al. 2019). 
 

With respect to smoking cessation, it is notable that existing research has identified health 

concerns as the predominant motivation for cessation (McCaul et al. 2006; Oral Health 

Foundation 2019), and financial concerns as an important secondary motivation (McCaul et 

al. 2006), supporting the present research.  In agreement with the present study, 

psychological characteristics have also been recognised as central to smoking cessation 

success (Grassi et al. 2014; Greenhalgh et al. 2016; Hitsman et al. 2013; Zvolensky et al. 

2007), especially the role of self-efficacy (Castro et al. 2014; Elshatarat et al. 2016; Gwaltney 

et al. 2009).  However, this study adds novel evidence regarding the (seemingly limited) 

contribution of oral health concerns to smoking cessation.  Existing research directly 

addressing this topic is scarce and conflicting (Andersson and Johannsen 2016; Rosseel et al. 

2010).  In addition, where evidence suggests that oral health motivations may be reasonable 

important, the validity of this research is in doubt (Andersson and Johannsen 2016).  

Specifically, this study in question measured hypothetical reasons for smoking cessation in 



201 
 

smokers, regardless of their actual intentions to quit, and was conducted in a dental setting, 

likely biasing participants’ responses.  Of note, previous research in the UK has shown that 

knowledge about the negative oral health effects of smoking is poor, and certainly inferior 

compared to knowledge about its systemic health effects (Lung et al. 2005; Terrades et al. 

2009).  This may at least partially explain a potentially more limited role of oral health, 

compared to general health, in reasons for smoking cessation.   

Regarding how the determinants of OHBs changed across the life course, previous research 

has generally agreed that parental influence is a central determinant of behaviours in 

childhood (Battram et al. 2016; Duijster et al. 2015; Gill et al. 2011; Goldthorpe et al. 2018; 

Kettle et al. 2019) and that schools (Duijster et al. 2015; Gibson et al. 2019; Gill et al. 2011), 

siblings (Puri et al. 2019; Ragelienė and Grønhøj 2020) and the dental profession can also be 

influential, the latter particularly via their contribution to dental anxiety (De Oliveira et al. 

2006; Gao et al. 2013; Townend et al. 2000).  Pertaining to the period of transition to 

independent adulthood, the increasing importance of peers and individual-level factors is 

also well documented, alongside a persisting (although generally lesser) influence of parents 

(Alves et al. 2016; Amos and Bostock 2008; Hall-Scullin et al. 2015; Hoffman et al. 2007; 

Ostberg et al. 2002; Scalici and Schulz 2014; Shepherd et al. 2006; Simons-Morton and 

Farhat 2010; Stead et al. 2011; Stokes et al. 2006).  In particular, like the present study, prior 

research suggests that the desire to conform to peer behavioural norms (Amos and Bostock 

2008; Simons-Morton and Farhat 2010; Stead et al. 2011) and concerns about the social 

acceptability of oral health (Hall-Scullin et al. 2015; Ostberg et al. 2002; Stokes et al. 2006) 

are particularly strong at this age.  

Considering the period of established independent adulthood, past research has similarly 

demonstrated that adulthood oral health beliefs and behaviours are influenced by a wide 

array of factors, including the long-lasting effects of parental influences in childhood, dental 

professionals, media and marketing sources, peers, and various individual-level factors, such 

as health knowledge, dental anxiety and cost (Delaney and McCarthy 2011; Gibson et al. 

2019; Gregory et al. 2007; Hill et al. 2003; Jensen et al. 2011; McCaul et al. 2006; Rawahi et 

al. 2018; Syrjala et al. 2001; Uppal et al. 2013).  However, in-depth qualitative investigations 

of the determinants of OHBs in adulthood have been much more limited than those focusing 

on other life course stages, particularly those relating to behaviours mainly of relevance to 

oral, rather than general, health (i.e. dental attendance and oral hygiene behaviours) 
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(Gibson et al. 2019; Gregory et al. 2007; Hill et al. 2003; Jensen et al. 2011; Kettle et al. 2019; 

Syrjala et al. 2001).  Consequently, the present study adds substantial value to this evidence 

base.  For example, only very limited evidence to date has recognised the impact of having 

children on adulthood dental attendance and oral hygiene behaviours (Kettle et al. 2019).  

Moreover, although several studies demonstrate an influence of spouses on adult smoking 

and dietary behaviours (Lewis and Butterfield 2007; Markey et al. 2008; Thomeer et al. 

2019), the present study is the first to provide any substantial evidence of their impact upon 

dental attendance and oral hygiene practices. 

Finally, as previously mentioned (sub-section 3.6.5), the two comprehensive, contemporary 

health behaviour theories presently considered most applicable to oral health 

(Asimakopoulou and Newton 2015) are the linked TDF (Cane et al. 2012) and COM-B models 

(Michie et al. 2011).  It is therefore useful to reflect upon the findings of the present study in 

the context of such theories.  As outlined in Appendix P, the findings of this study can be 

related very clearly to the majority of the fourteen domains of the TDF framework, especially 

the following ten domains: knowledge; social influences; environmental context and 

resources; social/professional role and identity; beliefs about capabilities; beliefs about 

consequences; intentions; goals; reinforcement; and emotion.  For example, the frequently 

recalled influence of oral health knowledge on how people looked after their teeth clearly 

maps to the ‘knowledge’ domain of the TDF.  Relationships to the remaining four domains 

(skills; behavioural regulation; memory, attention and decision processes; and optimism) 

were more limited, especially for the latter two domains (Appendix P).  This does not 

necessarily infer that such domains are not relevant to OHBs, however, but rather that they 

were not identified by the interviewees in this research process.  As acknowledged as a 

limitation of this research (sub-section 6.1.3), it may be that some of the above potential 

influences were not uncovered via the primarily inductive approach to interviewing used in 

this research, perhaps due to their subtlety and, therefore, position outside of a participant’s 

immediate awareness.  

According to the proposed mapping of the domains of the TDF to the COM-B model (Cane et 

al. 2012), it is also clear that the findings of this research can be related to each component 

of the latter model – capability (psychological and physical), opportunity (social and physical) 

and motivation (reflective and automatic) (Appendix P).  Furthermore, as presented in 

Section 4.4, this research also supports the premise of the COM-B model that capability, 



203 
 

opportunity and motivation need to be present simultaneously for a behaviour to be 

performed (Michie et al. 2011).   

The alignment of the findings of this research in many ways to the TDF and COM-B health 

behaviour theories is encouraging from two perspectives: firstly, this research further 

supports the validity of the above theories to the field of oral health, an argument supported 

by only a small amount of empirical research to date (Marshman et al. 2016; Rawahi et al. 

2018); vice versa, the consideration of these health behaviour theories as the most 

applicable to oral health today (Asimakopoulou and Newton 2015) adds credibility to the 

findings of this research. 

6.2: Quantitative Study 

6.2.1: Key findings 

The quantitative analysis suggested that factors across the whole life course influenced 

tooth retention at age 63 in the NTFS, including behavioural practices (smoking and dental 

attendance), demographic factors (sex), social determinants (education, social class and 

parental encouragement), and psychological factors (dental anxiety). 

In terms of the relative importance of the factors investigated, this research suggested that 

dental anxiety across the whole life course had the greatest overall effect on age 63 tooth 

retention, being particularly important in later adulthood (higher anxiety being associated 

with lower tooth retention). Following this, being educated to degree level had the next 

greatest effect (with higher education associated with higher tooth retention).  Smoking 

behaviours across the whole life course, sex, life course dental attendance patterns and 

social class at birth were associated with the next greatest effects (with higher smoking, 

female sex, irregular attendance patterns and lower social class associated with lower tooth 

retention).  Lastly, parental encouragement in childhood to look after one’s teeth was 

associated with the smallest effect. 

In the context of actual tooth numbers, the size of most of the above effects were clinically 

meaningful.  For example, being educated to degree level or above was associated with 

almost two (1.819) additional retained teeth, being female with almost one less tooth, and 

regular dental attendance at age 50 with almost one additional tooth.  Even at the lower end 

of effects, regular dental attendance at age 15 or at age 35 were associated with almost half 

an additional tooth, on average.  Below this, however, strong or moderate parental 
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encouragement to look after one’s teeth in childhood was only associated with 0.159 

additional retained teeth, which is perhaps less clinically relevant.  

In contrast, this research suggested that birth weight, the number of years married, tooth 

brushing frequencies across the life course, and social class, the presence of illness and sugar 

consumption in later adulthood (at age 50) were not significantly associated with age 63 

tooth retention.   

This analysis also provided information regarding the potential pathways of influence of 

different determinants on tooth retention.  Most importantly, the effects of education level 

were direct and not mediated by any of the other variables included in the model; social 

class at birth effects were predominantly mediated via education (78%) but also dental 

attendance at age 15 and parental encouragement; the negative effects of being female 

were predominantly mediated via detrimental influences on dental anxiety but also 

detrimental effects on education; the effect of smoking in earlier life (age 10-29) was entirely 

mediated by smoking in later adulthood (age 30-62); and the effects of dental anxiety were 

predominantly direct and not mediated by the other variables included in the model.  

6.2.2: Research strengths  

This quantitative study had many strengths, particularly relating to its unprecedented aim 

and the statistical modelling techniques employed. 

This research involved the most comprehensive attempt to date to model the life course 

determinants of oral health using data from the UK.  Such evidence is vital for the 

development of appropriate and effective life course interventions.  As discussed in the 

literature review (sub-sections 2.12.3 and 2.13.4), two previous analyses have used data 

from the same NTFS cohort to model the life course determinants of tooth retention and 

OHRQoL at age 50 (Mason et al. 2006; Pearce et al. 2004).  However, these analyses were 

limited by a lack of information on several potentially important determinants (that were 

included in the present research) – particularly education, marital history, general health, 

dental anxiety, dental attendance and tooth brushing – and did not include oral health 

outcomes beyond the age of 50.  They also did not employ full path analyses approaches but 

relied only upon hierarchical regression modelling and, hence, were unable to model 

pathways between, or estimate the relative effects of, individual variables (Newton and 

Bower 2005).  Beyond the NTFS cohort, only four other prospective birth cohort studies with 
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dental data exist in the UK (Connelly and Platt 2014; Delgado-Angulo and Bernabe 2015a; 

Dudding et al. 2018; Skafida and Chambers 2018).  However, these cohorts are generally 

much younger than the NTFS cohort – oral health data is available at the oldest age of 33 

only (Delgado-Angulo and Bernabe 2015b) – and all but one of these studies (Dudding et al. 

2018) include solely self-reported oral health outcomes.  Furthermore, other UK longitudinal 

studies with oral health data are limited to two prospective studies starting only around 

midlife (Lennon et al. 2015; Steptoe et al. 2013).  Comprehensive attempts to model the life 

course determinants of oral health outcomes using data from the above cohorts are limited 

to one analysis of self-reported caries outcomes at age five (Skafida and Chambers 2018).   

The present research is also unprecedented on a global scale in several ways.  Firstly, no 

other prospective birth cohort studies worldwide have attempted to comprehensively model 

the life course determinants of oral health past the age of 38 (Broadbent et al. 2016).  

Although this has been attempted in a small number of retrospective studies (Holst and 

Schuller 2012; Listl et al. 2018; Thorstensson and Johansson 2010), the oldest prospective 

birth cohort study with dental data outside of the UK is the Dunedin study and this is 

currently only in its fifth decade (Poulton et al. 2015).  The oldest prospective birth cohort 

behind this is a further ten years younger (Peres et al. 2011a).  Secondly, the present study is 

only the third study globally (to the author’s knowledge) to use path analyses or SEM 

approaches to comprehensively model the life course determinants of oral health.  Previous 

attempts are limited to one investigation of oral health outcomes using Dunedin study data 

(Broadbent et al. 2016) and one investigation of caries outcomes using data from the USA 

Iowa Fluoride study (Curtis et al. 2018a).  However, outcomes in these studies relate only to 

the younger ages of 38 and 17, respectively.   

Beyond the above, the detail of the methods employed in this study also had additional 

strengths.  Although the absence of some potentially relevant determinant variables can be 

considered a limitation of this study (sub-section 6.2.3), the inclusion of a large number of 

potential determinant variables from across the whole life course, including birth, 

demographic, social, psychological, general health and behavioural factors can also be 

considered a strength, at least compared to previous studies (Broadbent et al. 2016; Curtis 

et al. 2018a; Mason et al. 2006; Pearce et al. 2004).  A further strength is related to the 

detail of some of these variables, such as the use of pack-years of smoking (rather than 

purely the presence or absence of smoking) and the number of years married (rather than 
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cruder measures of marital status), which will have facilitated a greater level of 

discrimination regarding the effects of these variables.  Furthermore, multiple specific 

techniques were employed to ensure the statistical path analyses were robust: the model 

building process was methodical and comprehensive, and only theoretically sound and 

justifiable paths were included; the assumption of low multicollinearity was checked and 

upheld (Garson 2014); the assumption of multivariate normality was checked and, as this 

assumption was violated, robust significance values, confidence intervals and goodness-of-fit 

measures were calculated where possible (Bollen and Stine 1992; Shipley 2016; Walker and 

Smith 2017); chi-squared statistics were used as the primary measures of goodness-of-fit, as 

recommended (Kline 2016); normed chi-squared statistics were also calculated, as they are 

less sensitive to sample size (Hooper et al. 2008); and, finally, approximate fit indices were 

only used secondarily to the chi-squared statistics, as they do not distinguish between what 

may be sampling error and what may be real covariance evidence against the model (Kline 

2016).  

6.2.3: Limitations relating to the study variables 

Although this quantitative research study had many strengths, it also unfortunately had 

several limitations.  Many of these limitations have already been introduced in the 

Methodology and Methods chapter (Chapter 3), but their impact on the usefulness and 

applicability of the study findings will now be discussed.  This sub-section, firstly, considers 

the limitations related to the study variables, whilst sub-sections 6.2.4 and 6.2.5 consider 

other limitations.    

The lack of inclusion of several potential determinants of tooth retention was the first key 

limitation of this research.  In particular, the absence of sugar consumption data prior to the 

age of 50 was a concern, given the central role of sugar in caries development (Moynihan 

and Kelly 2014; Selwitz et al. 2007).  The absence of such information meant that the effect 

of sugar consumption on tooth retention could not be determined, but also that the effects 

of other determinants, such as smoking and dental attendance, were potentially 

overestimated due to confounding relationships (Bennett et al. 1970; Singh et al. 2013).  

Furthermore, the absence of social class information and general health information prior to 

the age of 50 was not ideal, given previous evidence of the effect on oral health of general 

health (Albandar et al. 2018; Anders and Davis 2010; Mathews et al. 2008) and social class 

across the whole life course (Pearce et al. 2009a; Poulton et al. 2002; Thomson et al. 2004).  
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The implications of the absence of the above determinants, again, is that their own effects 

could not be determined, but also that the effects of other variables may have been falsely 

distorted.  For example, the lack of social class data may have resulted in the role of 

education being overestimated, given the close relationship between these factors 

(Thompson 2019).     

Beyond the above specific examples, the path analysis was also limited in many other ways 

by the scope of potential determinants that could be considered.  As with much 

epidemiological research, the number and range of included predictor variables was limited 

by sample size restrictions, the data available and the ability to actually measure certain 

determinants.  It is not practical, or even possible, to list all potentially relevant excluded 

information, due to the known diversity and complexity of the determinants of oral health 

(Marmot and Bell 2011; Watt et al. 2015).  However, such factors include information about 

supplementary oral hygiene techniques beyond tooth brushing, aspects of dental 

attendance beyond regularity of dental check-ups, fluoride exposure via water and other 

mediums (Iheozor-Ejiofor et al. 2015; Marinho et al. 2003b), and social relationships and 

networks (Kettle et al. 2019; Rouxel et al. 2015b). 

A further central limitation relates to the robustness of several of the independent variables 

utilised, which means a level of caution needs to be applied to the study findings.  In 

particular, it is important to note that concerns affecting one variable can affect the study 

findings relating also to other variables, due to issues of confounding.   

Specifically, the robustness of the retrospective collection of tooth brushing and dental 

attendance data was uncertain, as this has not been explored in prior research.  As discussed 

previously, confidence in recalling such information was generally good during the piloting of 

the age 69 dental questionnaire (sub-section 3.7.6), whilst a test of criterion validity for the 

age 50 measure of dental attendance showed reasonable concordance with prospectively 

collected information (sub-section 3.7.8).  However, such assessments are by no means 

comprehensive, and a few respondents did express concern about their ability to accurately 

recall such information during the process of definitive data collection (see Table 17, Page 

118).   

Concerns also exist about the robustness of the assessment of early adulthood dental 

anxiety, as discussed in sub-section 3.7.6. To recap, this was assessed via a single summary 
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question from the normally five-question MDAS questionnaire (Humphris et al. 1995), the 

latter of which has been extensively validated for use in the UK (Humphris et al. 2009; 

Humphris et al. 2000; Humphris et al. 1995; Newton and Edwards 2005).  However, it is 

acknowledged that use of the single question independently was unvalidated, and that it 

may not have captured all dimensions of dental anxiety.  Moreover, as this question was 

asked retrospectively at age 69 (pertaining to ages 15, 25 and 35), recall issues may have 

introduced inaccuracies or bias into this data.  For example, respondents’ perceptions of 

their past anxiety may have been influenced by their current anxiety (Tourangeau et al. 

2000).  Unfortunately, no formal evidence is available regarding the retrospective 

application of the MDAS questionnaire. 

Further concerns relate to the retrospective and subjective nature of the assessment of 

parental encouragement (assessed via self-report at age 69 but pertaining to childhood).  

Although research has suggested that simple information regarding parental factors in 

childhood is accurately recalled across adulthood (Berney and Blane 1997; Krieger et al. 

1998), it is still very possible that memory issues may have led to inaccurate recall, or that 

more recent events, such as later life relationships with parents, may have resulted in biased 

recall.  Furthermore, it must be acknowledged that this variable reflects only perceived 

rather than objective levels of childhood parental encouragement.  

The robustness of the EPIC-Norfolk FFQ (Bingham et al. 2001) for assessing daily sugar 

consumption at age 50 was also a potential concern.  As discussed (sub-section 3.7.9), this 

questionnaire has been subjected to extensive validation studies.  Although these have 

generally demonstrated good reliability in relation to sugar intake, they have only 

demonstrated average validity in relation to this measure (Bingham et al. 2007; Bingham et 

al. 1997; Bingham et al. 2001; McKeown et al. 2001).   

Lastly, there are some minor concerns about the retrospective collection of self-reported life 

course smoking data at age 50.  Research has generally shown that self-reporting of numbers 

of cigarettes smoked is relatively accurate, although it has been demonstrated that under-

reporting can sometimes be a problem (Blank et al. 2016; Connor Gorber et al. 2009).  

Reassuringly, however, the long-term recall of the number of cigarettes smoked has been 

shown to be reasonably robust (Bernaards et al. 2001; Brigham et al. 2009; Brigham et al. 

2010; Brigham et al. 2008).   
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In addition to the above limitations, a further disadvantage relating to the independent 

variables was the need to condense many of the categorical variables into binary variables, 

to satisfy the sample size requirements of path analysis (Bentler and Chou 1987; Kline 2016) 

(see sub-section 3.7.9).  Specifically, this allowed this research only to discriminate between 

the effects of two different levels of each variable. 

Finally, there were some limitations associated with the use of tooth retention as the only 

oral health outcome.  Sub-section 3.7.3 provides a detailed discussion of the rationale for 

using this outcome variable, notably due to its role as a meaningful, cumulative and broad 

measure of oral health experience across the life course.  However, as well as being a 

strength of this research, the broad reflection of tooth loss of multiple diseases was also a 

disadvantage.  Previous research suggests tooth loss in this cohort was most likely due to 

caries and periodontal disease (Hull et al. 1997; McCaul et al. 2001; Richards et al. 2005), but 

this research could not distinguish between the determinants of these different diseases.  

Therefore, its findings are not useful for addressing these individual component causes.  

Furthermore, the outcome of tooth loss would only have captured the more severe 

experiences of caries and periodontal disease (Hirschfeld and Wasserman 1978; McLeod et 

al. 1997; Ramseier et al. 2017; Wriedt et al. 2010) and, therefore, the determinants of milder 

disease will not have been reflected.  In addition, as discussed in sub-section 3.7.3, the lack 

of inclusion of any other outcome measure means this research does not provide any 

information on PROMs or the determinants of other oral diseases for which tooth loss is not 

a frequent endpoint, such as oral cancer or temporomandibular diseases. 

6.2.4: Limitations relating to the study sample and population 

Several additional limitations relate to the use of the NTFS cohort as the setting for this 

quantitative study, which likely affected the robustness and generalisability of the research 

findings to a certain extent. 

Firstly, loss to follow-up was a significant concern in the NTFS study (Table 11, Page 72), 

meaning that the sample involved in this quantitative research study was not entirely 

representative of the original study cohort.  As detailed in sub-section 3.7.1, males and those 

born into lower social class households were under-represented by the age 63 follow-up.  

Loss to follow-up also may have biased the sample towards individuals with other 
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characteristics, such as those who were more health conscious or lived nearer to Newcastle 

upon Tyne.   

Secondly, the NTFS cohort is a North-East birth cohort and, therefore, may not be 

representative of populations born in the rest of the UK in 1947.  Particular concerns are 

that the North-East has generally suffered a below average economic profile (ONS 2016), 

worse oral health outcomes and poorer oral health related behaviours compared to the rest 

of the UK (Chenery 2011; Kelly et al. 2000).  It is worth noting, however, that this limitation 

would likely bias the sample in the opposite direction to the effects of loss to follow-up, 

thereby possibly diminishing the overall impacts of these two limitations. 

The comparisons presented in Section 5.1 and Appendix N – between the full eligible sample 

for the path analysis (n=245) and the rest of the UK population of the same generation 

(where this was possible) – do provide some insight into the combined effects of the above 

two issues.  As documented, the sample appeared representative in terms of age 63 tooth 

retention, age 69 dental anxiety and age 50 tooth brushing frequency, but biased towards 

females and those with more positive dental attendance and smoking behaviours at age 50.  

The implications of the above residual bias are that the study’s findings may reflect the 

determinants of oral health in females, higher social classes and more health conscious 

individuals to a greater extent than in those without such characteristics.   

A further limitation relating to the study sample was the exclusion of fourteen edentate 

individuals.  Although the statistical justification for this has been discussed (sub-section 

3.7.17), this may have resulted in an underestimation of the effects of predictor variables 

occurring prior to the point of edentulism in these fourteen individuals, and an 

overestimation of the effects of variables occurring after this point.  As the age of becoming 

edentate varied across the life course for these fourteen individuals, in effect, the 

determinants occurring earliest in the life course are likely to have been underestimated to 

the greatest extent, and those occurring latest in the life course overestimated by the 

greatest extent.   

Additional bias was likely introduced when the eligible sample for the path analysis (n=245) 

was further restricted to 198 individuals for the construction of the path model, due to the 

presence of missing data (see sub-section 3.7.17).  As discussed, this further biased the 

sample towards females, higher social class and education groups, those generally exhibiting 
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more positive OHBs and those retaining more teeth at age 63.  The above sample restriction, 

however, did not appear to substantially affect the results of the path analysis.  Testing of 

the path model on the larger samples of 223 and 245 individuals (Sections 5.7 and 5.8) 

demonstrated only modest changes in the total effects of most predictor variables, whilst 

substantial changes were only seen in relation to sex (the negative effect of being female 

was underestimated in the restricted sample).  However, it is worth noting that, when 

applied to these larger samples, the goodness-of-fit of the final path model was uncertain, 

and that different results may have been obtained if the path models had been constructed, 

rather than purely tested, on these larger samples.  

A final limitation relating to the use of the NTFS cohort is that it is a 1947 birth cohort and, 

hence, the findings of this research may not be completely applicable to more contemporary 

generations.  In particular, it could be speculated that: the protective effect of tooth 

brushing may have increased in more recent generations due to dramatic increases in the 

availability of fluoride toothpaste between the 1960s and 1980s (Jones et al. 2005; Marinho 

et al. 2003a); the negative effects of dental anxiety could have diminished as anxiety 

management strategies have evolved; and that the positive effects of regular dental 

attendance may have increased as the provision of oral health education by dentists has 

become more widespread (as suggested by the qualitative study in this research).  

Furthermore, the effects of socio-economic factors on oral health behaviours and outcomes 

are likely changing over time (Bernabe and Sheiham 2014; Watt and Sheiham 1999).  

Therefore, although the application of this research to more contemporary generations is 

certainly not precluded, it should be applied with due regard to these changing patterns.     

6.2.5: Other research limitations 

One final limitation associated with this quantitative study relates to the sample size 

requirements for path analysis. Typical sample sizes in published studies using path analysis 

are often around 200, in line with this study (Kline 2016).  However, when maximum 

likelihood estimation methods are used (as in this research), research suggests that the 

sample size should be at least five times the number of parameters to be estimated, if data 

distributions are normal, and at least ten times larger for more arbitrary distributions 

(Bentler and Chou 1987; Kline 2016).  As the sample size used to construct the final path 

model in this research was only six times the number of parameters to be estimated (the 

sample size was 198 and 33 parameters required estimation) and the data did not 
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demonstrate multivariate normality, these sample size requirements were not met.  Such a 

limitation may have compromised the stability of the estimates of effects.  This lack of 

certainty in the true value of effects must be considered when interpreting the research 

findings. 

6.2.6: Overall implications of study limitations 

Given the large number of limitations affecting this quantitative study, this sub-section will 

summate and clarify their bearing on the overall robustness and generalisability of the 

research findings.   

Two limitations arguably had a very substantial impact on the robustness of the research 

findings.  The first relates to the lack of inclusion of sugar consumption data prior to the age 

of 50, which means the effect of sugar consumption remains unknown, but also that the 

effects of other determinants may have been distorted.  The second relates to the 

uncertainties surrounding the robustness of the tooth brushing, dental attendance, early 

adulthood dental anxiety and parental encouragement data, which reduces confidence in 

the accuracy and reliability of the path analysis.  Despite the significance of these limitations, 

I would suggest that they do not completely preclude the application of the study’s findings, 

if appropriate caution is applied.  However, each finding must be considered individually in 

the context of these limitations. 

Beyond the above concerns, the effects of all other limitations relating to the robustness of 

this research are considered to be more modest.   

In relation to the generalisability of the study findings, the key limitation is that they are 

likely not completely applicable to contemporary generations.  However, this is also 

considered a more modest concern and, provided due attention is paid to this issue, this 

should not preclude the contemporary applicability or usefulness of these findings. 

6.2.7: Contribution to existing knowledge 

Broadly speaking, the quantitative findings of this research support the contemporary view 

that social determinants, as well as more traditional biological and behavioural factors, are 

all key determinants of oral health (DoH 2005; Marmot and Bell 2011; Watt et al. 2015; Watt 

2007), and that oral health is influenced across the whole life course (Crall and Forrest 2018; 

Heilmann et al. 2015; Nicolau et al. 2007b; Watt et al. 2015). 
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More specifically, with regards to the role of smoking and dental attendance, this research 

accords with previous research to some extent.  Prior studies have demonstrated that such 

behaviours across the whole life course can contribute to tooth retention in later life 

(Albandar et al. 2000; Arora et al. 2010; Astrom et al. 2011b; Crocombe et al. 2012; Krall et 

al. 2006; Listl et al. 2018; Simila and Virtanen 2015; Thomson et al. 2000; Thomson et al. 

2010; Thorstensson and Johansson 2010; Yanagisawa et al. 2009).  Furthermore, prior 

evidence has also shown that past dental attendance influences future dental attendance 

(Lu et al. 2011) and future dental anxiety (Poulton et al. 2001).  Several longitudinal studies 

have also suggested that levels of tooth loss in former smokers eventually return to levels 

observed in never smokers (Krall et al. 2006; Yanagisawa et al. 2009), supporting the present 

finding that smoking between ages 10 and 29 had no direct effect on tooth retention but 

completely imparted its effects via later adulthood smoking. 

However, the present study also advances knowledge regarding the influence of dental 

attendance and smoking behaviours on oral health outcomes, by applying causal pathways 

modelling approaches to comprehensive life course data.  The few prior studies achieving 

this have not included information on smoking behaviours and have been limited to much 

younger cohorts (Broadbent et al. 2016; Curtis et al. 2018a).  In particular, this allowed the 

present study to elucidate the relative contributions of smoking and dental attendance 

behaviours across the life course on later life tooth retention, suggesting that the former 

makes a greater contribution.  However, this finding must be treated with caution given the 

study limitations. 

This research also advances knowledge regarding the role of tooth brushing frequency in 

oral health outcomes.  Several longitudinal studies have previously explored relationships 

between this behaviour and caries outcomes but have produced conflicting results (Alm et 

al. 2008; Bastos et al. 2008; Broadbent et al. 2016; Chankanka et al. 2011; Curtis et al. 2018a; 

Holst and Schuller 2012; Peres et al. 2009).  Moreover, previous longitudinal research 

exploring the effects of tooth brushing frequency on tooth retention is lacking.   

The lack of influence of tooth brushing frequency on tooth retention observed in the present 

study is surprising, given the established association between plaque, fluoride and caries 

(Takahashi and Nyvad 2011; Walsh et al. 2019), and plaque and periodontal disease (Bartold 

and Van Dyke 2013).  Possible explanations could be a poor correlation between tooth 

brushing frequency and the effectiveness of plaque control.  Indeed, previous longitudinal 
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studies have shown plaque control to be associated with subsequent oral health outcomes, 

including tooth loss (Alm et al. 2008; Broadbent et al. 2011; Thomson et al. 2007).  

Alternatively, a lack of correlation between tooth brushing frequency and the use of fluoride 

toothpaste could be an explanation.  Fluoride is accepted as the key caries preventive 

component of toothpaste (Walsh et al. 2019) but was only introduced into toothpaste in the 

late 1960s (Jones et al. 2005).  Furthermore, although fluoride-containing toothpastes have 

become increasingly widespread since then, their use has not been universal (Jones et al. 

2005).  It must also be borne in mind, however, that the lack of association between tooth 

brushing frequency and tooth retention may be partly attributable to the use of 

retrospective, and hence potentially unreliable, measurements of tooth brushing frequency 

across the life course.  

With regards to sugar consumption, its role in caries development is well-established 

(Chankanka et al. 2016; Curtis et al. 2018a; Jamieson et al. 2010b; Moynihan and Kelly 2014; 

Peres et al. 2005; Skafida and Chambers 2018), although longitudinal evidence of its 

contribution to tooth retention is lacking.  Therefore, this research furthers existing evidence 

in that it explores the role of sugar consumption at age 50 on age 63 tooth retention.  This 

said, the lack of an association observed warrants further investigation.  It may be that a true 

effect was not identified for several reasons: the validity of the EPIC-Norfolk FFQ for the 

measurement of sugar consumption is only considered ‘average’ (Bingham et al. 2007; 

Bingham et al. 1997; Bingham et al. 2001; McKeown et al. 2001) (sub-section 6.2.3); it 

assesses the amount rather than frequency of consumption, the latter of which is the key 

contributor to caries development (Van Loveren 2019); and the thirteen-year period 

between age 50 and age 63 may have been insufficient for the causal effects of sugar on 

tooth loss to be realised.  Furthermore, this research still provides no further evidence on 

the role of sugar consumption across earlier stages of the life course.    

The findings of this study that socio-economic factors (specifically social class and education) 

play a key role in determining tooth retention is supported by a substantial prior body of 

evidence (Bernabe et al. 2011; Broadbent et al. 2016; Listl et al. 2018; Pearce et al. 2009a; 

Ramsay et al. 2018; Tsakos et al. 2011; Vendrame et al. 2018; Vettore et al. 2016).  However, 

existing evidence conflicts regarding the pathways via which such factors impart their effects 

(Broadbent et al. 2016; Donaldson et al. 2008; Peres et al. 2018b; Polk et al. 2010; Sabbah et 

al. 2015; Sabbah et al. 2009; Vendrame et al. 2018; Vettore et al. 2016), ranging from those 
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suggesting socio-economic inequalities are almost entirely mediated by behavioural factors 

(Sabbah et al. 2015) to those suggesting that very little of such inequalities are mediated by 

behavioural factors (Peres et al. 2018b; Sabbah et al. 2009; Vendrame et al. 2018).  Being 

one of only a small number of studies to investigate such pathways using longitudinal data 

(Broadbent et al. 2016; Peres et al. 2018b; Vendrame et al. 2018; Vettore et al. 2016), this 

research adds new evidence to this debate, supporting the latter argument.  In explanation, 

previous evidence has demonstrated that physiological factors, such as the influence of 

physiological stress and poor nutrition on susceptibility to inflammation and disease, may 

alternatively mediate the effects of socio-economic inequalities (Buchwald et al. 2013; 

Gomaa et al. 2016).  It must be acknowledged, however, that the present research, like most 

of the above existing research (Broadbent et al. 2016; Peres et al. 2018b; Polk et al. 2010; 

Sabbah et al. 2009; Vendrame et al. 2018), is limited by its lack of inclusion of data on all 

relevant OHBs.  Hence, it is arguable that the effects of socio-economic factors may have 

been mediated by unmeasured behaviours, such as dental treatment decisions, sugar 

consumption prior to the age of 50 and oral hygiene behaviours apart from tooth brushing.   

Given that previous longitudinal studies have demonstrated the importance of both 

childhood and adulthood socio-economic conditions in determining later life tooth retention 

(Bernabe et al. 2011; Pearce et al. 2009a; Ramsay et al. 2018; Vendrame et al. 2018), it is 

also notable that the lack of contribution of age 50 social class in the present study was 

perhaps unexpected.  It is possible that this independent variable was too close in time to 

age 63 tooth retention for any negative effects to be realised.  Furthermore, it is possible 

that any effects of social class between birth and age 50 were partially represented via the 

effects of education, given the lack of inclusion of any intermediary social class data.  

Previous research has recognised the complex interplay between different socio-economic 

indicators, including social class and education, and oral health outcomes (Steele et al. 

2014). 

In relation to the role of dental anxiety, this research supports previous evidence 

demonstrating its association with oral health outcomes (Heidari et al. 2017; Schuller et al. 

2003; Zinke et al. 2018) and, more importantly, previous longitudinal research 

demonstrating its contribution to tooth retention and other outcomes (Crocombe et al. 

2012; Thomson et al. 2000).  However, this research was novel in its application of causal 

pathways modelling techniques to longitudinal dental anxiety data, alongside data on other 
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determinants of oral health.  Hence, it provides unique evidence regarding the effects of 

dental anxiety on tooth retention relative to other determinants, and also the relative 

effects of dental anxiety across different stages of the life course – specifically finding that 

the effects of dental anxiety across the whole life course were substantial but that the 

overall impact of dental anxiety in later adulthood was greatest.  The reliability of this 

finding, however, may be compromised as a result of the retrospective measurement of 

early life dental anxiety.  Furthermore, the absence of consideration of all potential predictor 

variables (in particular sugar consumption) may have resulted in an overestimation of the 

effects of dental anxiety, due to issues of confounding.   

The indirect pathways of influence of dental anxiety suggested in this research – via dental 

attendance (Crocombe et al. 2011; Liinavuori et al. 2019; Pohjola et al. 2007; Schuller et al. 

2003; Sohn and Ismail 2005) and future dental anxiety levels (Liinavuori et al. 2019; Thomson 

et al. 2009) – have also been evidenced in previous research.  However, by more 

comprehensively modelling pathways between dental anxiety and oral health outcomes, this 

research advanced the above evidence, suggesting that the predominant effects of dental 

anxiety on tooth retention were in fact not explained by dental attendance, but were 

predominantly direct.  Such pathways warrant further investigation, but it can be speculated 

that dental anxiety may influence treatment decisions; for example, dentally anxious 

patients may be more likely to opt for quicker, simpler treatment options, such as 

extractions, rather than more complicated, time-consuming conservative treatments 

(Heidari et al. 2017).  Alternatively, dental anxiety may influence other aspects related to 

dental attendance, not captured by the variables utilised in this research, such as compliance 

at follow-up appointments after an initial check-up.   

With regards to the role of gender, the finding of this research that being female resulted in 

the retention of almost one less tooth by the age of 63 is in agreement with gender patterns 

of tooth loss demonstrated in much previous research.  Although not universally supported 

(Dye et al. 2007; Marcus et al. 1996; Todd et al. 1982), historical and contemporary research 

across many countries has predominantly found that females incur greater tooth loss than 

males (Dye et al. 2007; Fuller et al. 2011; Gray et al. 1970; Ismail et al. 1987; Kelly et al. 2000; 

Lukacs 2011; Russell et al. 2013; Todd and Lader 1991).  It has been suggested that this 

relationship is mediated by two types of pathways (Ferraro and Vieira 2010; Russell et al. 

2013): biological pathways, such as sex-linked genetic differences in caries susceptibility, or 
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the effects of sex-linked hormones on inflammation and periodontal disease (Akcali et al. 

2018; Ferraro and Vieira 2010; Russell et al. 2013; Shaffer et al. 2015); and non-biological 

pathways, such as gender differences in socio-economic opportunities, health behaviours 

and cultural practices (Chadwick et al. 2011; Ferraro and Vieira 2010; Forey et al. 2016; 

Morris et al. 2011; Russell et al. 2013).  The present research provides further support for 

the latter pathway, finding that the effect of sex on tooth loss was completely accounted for 

by dental anxiety, education, smoking and dental attendance.  Specifically, the effect of 

being female on tooth loss was predominantly mediated via its negative effect on dental 

anxiety (57%) and educational attainment (22%).  However, smaller effects of being female 

were mediated via its positive effects on smoking behaviours (12%) and regularity of dental 

attendance (9%).   

The above findings, however, may only be partially applicable to recent generations.  

Evidence suggests that the negative effect of female gender on tooth loss persists in the UK 

in contemporary populations (Fuller et al. 2011); that smoking rates (Forey et al. 2016) and 

dental attendance (Morris et al. 2011) continue to be worse in males; and that dental 

anxiety levels continue to be higher in females (unpublished analysis of 2009 Adult Dental 

Health Survey Data).  However, the proportion of females attending university is now much 

higher than that of males (HESA 2019), which is in significant contrast to past generations, 

including the NTFS cohort.  Therefore, education level may no longer mediate the effect of 

sex on tooth loss in more recent generations.   

Considering the role of parental support, previous evidence has demonstrated its substantial 

contribution to children’s OHBs and oral health outcomes (Berendsen et al. 2018; Hall-Scullin 

et al. 2015; Hooley et al. 2012; Kettle et al. 2019; Stokes et al. 2006).  However, few studies 

have examined parental long-term influences on children’s oral health and related-

behaviours as they reach later adulthood.  The most relevant research comes from the 

Dunedin study, which found that parental oral health status and oral health knowledge 

influenced participants’ future OHBs and oral health outcomes up to the age of 38 

(Broadbent et al. 2016; Shearer et al. 2011).  Like the present research, however, the 

Dunedin study findings suggested that parental influence contributed to adulthood oral 

health outcomes to a much lesser extent than other factors, such as dental attendance and 

socio-economic status.  
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Finally, the findings of the present research – that general health at age 50 was not 

associated with age 63 tooth retention – conflicts with previous evidence, which has 

generally demonstrated a negative impact of poor general health on oral health (Albandar et 

al. 2018; Anders and Davis 2010; D'Aiuto et al. 2017).  This may have been a result of the 

narrow focus of the general health variable included in the present study, which did not 

reflect all aspects of general health but involved only a crude assessment of whether 

somebody had a long-term illness which limited their daily activities at age 50.   

The demonstrated lack of association between standardised birth weight and later life tooth 

retention also advances previous evidence regarding the effects of low birth weight on the 

permanent dentition.  Although there is good evidence that low birth weight contributes to 

enamel defects in the primary dentition (Jacobsen et al. 2014), current evidence on the 

effects of low birth weight on the permanent dentition is scarce and inconclusive (Jacobsen 

et al. 2014; Nicolau et al. 2003a; Saraiva et al. 2007). 

6.3: General Discussion 

Having discussed the results of the qualitative and quantitative components of this research 

separately, this section will now integrate the results of these studies.  Specifically, it will 

compare their results where their remits overlapped, review their joint contribution to the 

overarching research aim and discuss their joint implications for policy, practice and future 

research.  

6.3.1: Comparison of qualitative and quantitative studies 

Although the qualitative and quantitative components of this research addressed two 

different aspects of the life course determinants of oral health – the former focusing purely 

on the determinants of people’s oral health behaviours and the latter addressing more 

broadly the determinants of oral health outcomes (specifically tooth retention) – there was 

some overlap in the study remits.  This occurred where the quantitative study considered to 

some extent the determinants of people’s behaviours within its broader model.  Therefore, 

it is important to compare the findings of both studies where their remits overlapped.   

There were several areas of relative agreement within the studies’ findings.  Firstly, both 

suggested that dental anxiety influenced dental attendance but also suggested that the 

influence of dental anxiety on oral health may be mediated by other pathways.  The 

quantitative study suggested that the predominant influence of dental anxiety on tooth 
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retention was not mediated via any of the factors considered in the model.  In the 

qualitative research, participants discussed anxiety affecting their attendance patterns but 

also their treatment decisions, such as desires to avoid more complex treatments or to 

receive treatment under sedation.  Such results of the qualitative study may, therefore, help 

to explain the quantitative results – treatment decisions increasing the likelihood of 

extractions, rather than more complex conservative treatments, may have mediated the 

effects of dental anxiety on tooth loss.    

Furthermore, both studies suggested that behaviours in earlier life influenced behaviours in 

later life – in the qualitative study, participants frequently reported that their later life 

behaviours were influenced by behaviours established in their childhoods.  Similarly, the 

quantitative study demonstrated clear pathways of influence between earlier and later life 

smoking and dental attendance behaviours.  

In addition, both studies supported the role of parents in influencing OHBs in earlier life.  In 

particular, both demonstrated parental influences on dental attendance and oral hygiene 

behaviours (Note: In the quantitative model, a statistically significant path was added 

between parental encouragement and age 15 tooth brushing during the path model building 

process (see Step 41, Appendix L) but was removed from the final model due to its lack of 

pathway to tooth retention).   

Despite the above agreements, there were also some differing results between the two 

studies, for which potential explanations are considered.  Continuing with the topic of 

parental influence, the qualitative study highlighted parental influences upon earlier life 

smoking and dietary practices, which were not replicated in the quantitative study.  The lack 

of parental influence on dietary behaviours in the quantitative study, however, was very 

obviously explained by the absence of inclusion of earlier life dietary data.  Additionally, the 

suggestion of the qualitative study that parents were only a minor influence on smoking 

behaviours (significantly overshadowed by peer influences) may partly explain the lack of 

effect of parental influence on smoking behaviours demonstrated in the quantitative study. 

Furthermore, the qualitative study highlighted an important influence of spouses on 

participants’ OHBs, generally according with the previously observed positive effects of 

marriage on health behaviours and outcomes (Duncan et al. 2006; Grundy and Tomassini 

2010; Rendall et al. 2011; Tatangelo et al. 2017; Umberson et al. 2010; Waite and Gallagher 
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2000).  However, in the quantitative path analysis, the number of years married was not 

significantly associated with tooth retention (or any other OHB – see Steps 45 and 50 of the 

path model building process, Appendix L).  It may be that the number of years married was 

actually a poor correlate of spousal influence.  In addition, biasing of the quantitative sample 

towards females (see sub-section 6.2.4) may partly explain this lack of association, given 

previous observations that males generally attempt to control others’ health behaviours to a 

lesser extent than females (Lewis et al. 2004; Umberson 1992; Umberson et al. 2018).   

Finally, the quantitative study did not demonstrate any effect of general health on OHBs (see 

Appendix L, Steps 14 and 5), whereas the qualitative study highlighted some positive effects 

of poor systemic health, i.e. systemic health concerns fuelling motivations to improve 

smoking and sugar consumption behaviours.  Both positive (Boudreaux et al. 2012; Delaney 

and McCarthy 2011; McCaul et al. 2006) and negative (Chadwick et al. 2018; Lopez Silva et 

al. 2021) effects of poor general health on OHBs have also been noted in previous literature.  

The identification of only positive influences in the qualitative research may be explained by 

the limited sample size, which perhaps hindered the discovery of such negative influences.  

Furthermore, as discussed in sub-section 6.2.7 (Page 218), the lack of any influence detected 

in the quantitative study may have been the result of utilising a crude and only single 

measure of general health. 

6.3.2: Overall findings from this mixed-methods research  

Taking into consideration the separate discussions regarding the qualitative and quantitative 

research findings (Sections 6.1 and 6.2), and a reasoned comparison of their findings where 

their remits overlap (sub-section 6.3.1), this section will now summarise the overall 

contribution of this mixed-methods research to the current knowledge base regarding the 

life course determinants of oral health in the UK.  Figure 17 has been constructed to support 

this process.  This figure maps the findings from the qualitative study onto those of the 

quantitative study, but also highlights additional postulated determinants of oral health, not 

investigated or identified by the present study, but supported by previous evidence. 
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Figure 17: The life course 
determinants of oral health 
in the NTFS, according to 
this mixed-methods 
research study.  
The lower green section 
illustrates the complex 
influences of OHBs and 
how these changed across 
the life course, according to 
the qualitative study. 
The middle section 
presents the final path 
model of the life course 
determinants of tooth 
retention at age 63, 
according to the 
quantitative study (values 
are standardised total 
effects of each predictor on 
the outcome).  
The upper purple section 
illustrates additional 
postulated influences of 
tooth retention, not 
investigated or identified 
by the present study but 
suggested by previous 
evidence.  
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In summary, the quantitative component of this research suggested that a broad range of 

factors influence later life tooth retention, including socio-demographic factors, 

psychological factors and OHBs.  It suggested that such factors all play a substantial role in 

determining tooth retention, although the more precise estimates of each factor’s relative 

contribution should be treated with caution due to the research limitations (particularly 

relating to the inclusion and measurement of the independent variables and the 

generalisability of the findings to contemporary UK populations).  It also demonstrated that 

such determinants play a role across the lifetime and that the development of tooth loss is a 

life course process.   

The quantitative and qualitative research components also suggested that OHBs themselves 

are influenced by a broad range of factors at the level of the individual (e.g. sex, socio-

economic background, psychological factors and general health), family (e.g. parents and 

spouses), society (e.g. peers, schools, media and marketing) and the dental profession.  As 

summarised in Figure 17, this research also demonstrated how these factors might vary 

between different OHBs and change across the life course (subject to differences between 

this 1947 cohort and more recent generations, such as changes in the influence of the media 

and the dental profession). 

This mixed-methods study accords with contemporary views about the contribution of the 

whole life course to the development of oral health (Crall and Forrest 2018; Heilmann et al. 

2015; Nicolau et al. 2007b; Watt et al. 2015).  For example, in relation to Figure 2 (Page 26) 

(Heilmann et al. 2015), this research supports the recurring relationships between wider 

social determinants, OHBs and oral health outcomes across the life course.  However, as 

previously discussed, it also advances knowledge in this field, being the most comprehensive 

quantitative attempt to date to model the life course determinants of oral health outcomes 

using UK data (sub-section 6.2.7) and providing novel evidence regarding changes across the 

life course in how and why people look after their oral health (see sub-section 6.1.4). 

This research also concurs broadly with contemporary beliefs about the wider determinants 

of oral health (DoH 2005; Marmot and Bell 2011; Watt et al. 2015; Watt 2007).  For example, 

in accordance with Watt et al.’s (2019) depiction of the determinants of oral health (Figure 

18), this research demonstrates the contribution of structural determinants (e.g. cultural and 

social norms), intermediate determinants (e.g. social class, education, social relationships, 
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psychosocial factors and health services) and proximal determinants (e.g. behavioural 

factors).  In relation to this framework (Figure 18), however, this research did not specifically 

explore biological determinants of oral health or provide much evidence relating to the more 

upstream structural determinants (e.g. economic and welfare policies).  It also failed to 

demonstrate a role of diet and oral hygiene in tooth retention, most likely due to its 

limitations (sub-section 6.2.7).  These potential determinants have therefore been added to 

Figure 17.  The potential contribution of other additional unmeasured factors to poor oral 

health, such as exposure to fluoridated water (discussed in sub-section 6.2.3), are also 

recognised in Figure 17 for completion.  

 

Figure 18: The determinants of oral health.  Reproduced from (Watt et al. 2019). 
 

Finally, it is also relevant to consider the findings of this research beyond oral health and 

within the broader field of health.  Like oral health, the development of many general health 

conditions are also now considered within the context of the whole life course (Cullati 2014; 

Frilander et al. 2015; Halfon et al. 2018; Kuh and Ben-Shlomo 2004; Lu and Halfon 2003; Seo 

et al. 2010) and a wide variety of determinants have been implicated in their development 

(Banks et al. 2019; Commission on Social Determinants of Health 2008; Dahlgren and 

Whitehead 1991; Dunbar et al. 2008; Karaman et al. 2020; Kreatsoulas and Anand 2010; 

Marmot 2010; Reading et al. 1999; Tatangelo et al. 2017).  Hence, the present study 

demonstrates many similarities between the development of oral and such general health 

conditions.  Moreover, smoking and dietary behaviours, considered in this study as key 

determinants of oral health, are also common risk factors for many general health 

conditions, such as cardiovascular disease, cancer, obesity and diabetes (Peters et al. 2019), 

making the findings of this research also applicable in the general health field.  Research also 

suggests that there is much overlap between the determinants of the oral health-related 

behaviours identified in this study and the determinants of other general health behaviours, 
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such as physical activity – for example, the contribution of healthcare professionals, societal 

norms, schools, family members and individual factors (Artazcoz et al. 2009; Barnett et al. 

2013; Cobb et al. 2015; Edwards et al. 2015; Hillsdon et al. 2005; Jepson et al. 2010; Salvy et 

al. 2012; Trost and Loprinzi 2011; Wakefield et al. 2010).   

6.3.3: Implications for policy and practice 

Taking into consideration the limitations of this research, its findings still have many 

implications for oral health improvement within contemporary UK populations (and also for 

general health improvement due to the status of smoking and dietary behaviours as 

common risk factors).    

A central implication is that proximal OHBs – including dental attendance and smoking 

behaviours (as demonstrated in this research) but likely also sugar consumption and oral 

hygiene practices – are central determinants of oral health outcomes and, hence, must be a 

fundamental focus of oral health interventions.   

However, such behaviours and oral health outcomes are, in turn, also strongly influenced by 

an array of more intermediate and upstream psycho-social determinants.  Hence, these 

factors must also be targeted if meaningful oral and general health improvement is to be 

achieved. 

Regarding such wider determinants, this research suggests that socio-economic health 

behaviour and oral health inequalities must be addressed, such as those associated with 

social class and education.  It is arguable that such inequalities could be reduced by levelling 

up the socio-economic disparities themselves, such as by ensuring universal access to well-

paid employment, education and good quality housing.  However, the behavioural and 

biological pathways mediating such socio-economic inequalities could also be targeted, for 

example, by securing an affordable healthy food environment and equal access to health 

services, including removing financial barriers to access.   

The value of social environments and social relationships must also be recognised.  

Specifically, this research provides evidence for using social environments, such as schools, 

workplaces and media sources, as part of health behaviour improvement strategies.  

Furthermore, the influence of social relationships both within and outside families 

(particularly relating to parents, spouses and peers) must be exploited. 
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The importance of targeting psychological determinants of health behaviours is also 

demonstrated by this research – specifically dental anxiety but also personality dispositions, 

such as self-efficacy and locus of control beliefs.  In relation to dental anxiety, the role of the 

dental profession should not be underestimated.  This research suggests that anxiety 

reduction should be a central consideration in future developments of dental technology 

and techniques and that fostering a supportive chairside manner should be a central focus of 

dental professionals’ training.   

Furthermore, it is evident from this research that providing preventive education should be a 

high priority for dental professionals, given its perceived importance in determining 

behaviours.  Moreover, this research highlights that dental professionals must emphasise 

not only the oral health benefits, but also the general health benefits, of smoking cessation 

and dietary improvement.  Given the potential importance of both general and oral health 

concerns in people’s decisions around such behaviours, this also supports the argument for 

oral and general health services to work together, recognising that general health services 

can play a part in improving patients’ oral health and vice versa. 

A final implication of this research is that oral (and general) health improvement strategies 

should focus on the whole life course and target appropriate determinants at each life 

course stage.  This research indicates that oral health behaviours are important across the 

life span, and it is likely that the influence of socio-economic determinants is also lifelong 

(Bernabe et al. 2011; Ramsay et al. 2018; Vendrame et al. 2018).  However, many other 

influences may vary between life course stages.  Specifically, this research suggests that 

harnessing parental support in childhood is key but that the potential impact of schools, 

dental professionals and siblings should not be overlooked.  As individuals transition to 

independent adulthood, the influence of childhood authorities should still be targeted but a 

greater focus should now be placed on the individual, peer influences and possibly other 

aspects of the social environment, such as media and marketing sources (subject to the 

confirmation of differing influences between contemporary populations and this 1947 birth 

cohort).  Subsequently, as individuals become established independent adults, the additional 

influence of spouses and children could be exploited.  
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6.3.4: Implications for policy and practice in the current UK policy context  

The above implications for policy and practice must now be considered within the current 

UK oral health, general health and wider policy contexts.  Before doing so, it is important to 

highlight that many aspects of governance, which have implications for health and oral 

health, have been devolved from UK central government to the Welsh, Scottish and 

Northern Ireland governments since 1999 (Devolution and You 2020).  The complete list of 

devolved responsibilities is complex and varies between the devolved nations.  However, to 

provide some examples, devolved responsibilities include health and social care, education, 

local government and some areas of social security and taxation (Devolution and You 2020).  

This section will therefore try to consider the different policy environments across the four 

nations, where relevant, but, for conciseness, does not always aim to provide a 

comprehensive discussion of each policy context in every nation.   

In relation to the central importance of OHBs to oral health outcomes, as demonstrated by 

this research, significant efforts have been made across the UK in recent years to improve 

such behaviours.  Firstly, the commitment to tackling smoking is clear: restrictions on 

tobacco marketing and advertising have gradually increased since the 1960s (RCP 2012); 

anti-smoking campaigns have become increasingly prominent over a similar timeframe 

(Berridge and Loughlin 2005); taxation on tobacco products has increased dramatically since 

the 1990s (WHO & Excise Social Policy Group 2003); a complete ban on smoking in indoor 

public places was introduced in 2007; and stop smoking services have been made widely 

available over the past two decades (West et al. 2013).  The UK government has also 

recently pledged its intention to make England smoke-free by 2030, although the current 

prevalence of smoking is still around fourteen percent (DHSC 2019).   

Commitments to tackling sugar consumption are also evident but have been largely a more 

recent enterprise.  Some of the most notable actions include: national campaigns, such as 

the ‘Change4Life’ campaign, which was introduced in 2009 and includes a focus on diet and 

sugar consumption (PHE 2020b); the introduction of voluntary sugar reduction targets for 

the food industry in 2016, albeit which have had limited success (PHE 2019b); the 

introduction of the Soft Drinks Industry Levy in 2018, which has resulted in very substantial 

reductions in the sugar content of soft drinks (Scarborough et al. 2020); and the 

establishment of advertising restrictions, such as the 2007 ban on the advertisement of 

products high in fat, sugar and salt (HFSS) around children’s programmes (Ofcom 2007).  
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Such initiatives are critical, given the high levels of sugar consumption in the UK (Roberts et 

al. 2018).  However, many sources have argued that they are still insufficient (BDA 2020b; 

CASSH 2019).  Indeed, the UK government is currently considering various additional 

measures, such as a total ban on the online advertising of HFSS products, curbing price and 

product placement promotions of HFSS products and extending the Soft Drinks Industry Levy 

to milk-based products (DHSC 2019; DHSC and DCMS 2020). 

Furthermore, in relation to improving dental attendance and oral hygiene behaviours, key 

initiatives have included national and local child oral health improvement schemes, which 

have focused on aspects such as tooth brushing in schools and nurseries, the distribution of 

tooth brushing products, the provision of oral health education and the facilitation of regular 

dental attendance.  National schemes include ‘Childsmile’ in Scotland (Childsmile 2014), 

‘Designed to Smile’ in Wales (Nic Iomhair et al. 2020), ‘Happy Smiles’ in Northern Ireland 

(HSCB 2020) and ‘Starting Well’ in England (NHS.UK 2020a), which began in 2006, 2009, 2016 

and 2017, respectively.  Several local schemes also exist, such as Leicester’s ‘Happy Teeth, 

Happy Smiles’ programme (Leicester City Council 2020) and Greater Manchester’s ‘Smiles 

Matter’ scheme (Greater Manchester Health and Social Care Partnership 2019), beginning in 

2014 and 2019, respectively.  Other initiatives have also been targeted at adult populations, 

such as the Scottish oral health improvement programmes for homeless (‘Smile4Life’) and 

prison populations (‘Mouth Matters’), launched in 2012 and 2014, respectively (Beaton et al. 

2018; University of Dundee 2021).  The reach of many of the above schemes is limited, 

however.  Specifically, most adult populations across the UK are not targeted by any 

schemes, whilst the children’s schemes are also not universal.  For example, in England in 

particular, the Starting Well scheme focuses mainly on thirteen high priority local areas 

(NHS.UK 2020a).  Challenges to the extension of such schemes likely include funding 

barriers, which will have been exacerbated by tight controls of NHS and public health 

budgets during the last decade of austerity (BMA 2016).  Organisational issues also present 

challenges, such as the devolution of the responsibility for public health from the NHS to 

local authorities in England in 2012 (Health and Social Care Act 2012), which means schemes 

are organised at a local rather than national level.  It is also important to note that the 

COVID-19 pandemic has halted the provision of many of these schemes since the beginning 

of 2020 (Childsmile 2020; Designed to Smile 2020b).   
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With regards to the implication of this research that socio-economic determinants of health 

behaviours and oral health outcomes should be addressed, substantial potential arguably 

remains for raising socio-economic standards in the UK.  According to the recent high profile 

report by the United Nations Special Rapporteur on extreme poverty and human rights, 

Philip Alston, a fifth of the UK population live in poverty, with in-work poverty being at its 

highest level for twenty years (OHCHR 2018).  Substantial socio-economic inequality also 

exists in educational attainment; for example, the recent Marmot Review on Health Equity in 

England highlighted that attainment of five or more GCSEs at grades A* to C has been just 

under 70% for fifteen to sixteen year olds from the least deprived decile in recent years, 

compared to just over 50% in the most deprived decile (Marmot et al. 2020).  The above 

reports recommend a raft of remedial measures for improving socio-economic standards in 

England (Marmot et al. 2020) and the UK (OHCHR 2018), such as increasing the UK National 

Living Wage, revising the current social security system, improving local government funding 

and improving efforts to reduce education inequalities.  However, just as the UK 

Government’s policy of austerity was starting to ease towards the end of the 2010s (GOV.UK 

2019), the COVID-19 crisis has subsequently impacted upon government finances (Harrari 

and Keep 2020) and may impede progress in many of the above areas.  This is not to 

mention the uncertain economic impact of the UK’s exit from the European Union (EU) (TUC 

2020).   

Beyond changing socio-economic standards themselves, several initiatives are also in place 

across the UK to target the mediating pathways between socio-economic factors and oral 

and wider health inequalities.  To provide examples: NHS dental treatment across all four UK 

nations is free to those on low-incomes (Oral Health Foundation 2020a); the national and 

local oral health improvement schemes discussed earlier (Page 227) prioritise deprived 

groups (Beaton et al. 2018; Childsmile 2014; Greater Manchester Health and Social Care 

Partnership 2019; NHS.UK 2020a; University of Dundee 2021); and tobacco control 

strategies across the four nations prioritise reducing socio-economic inequalities in smoking, 

such as by targeting smoking cessation services towards more deprived groups (DHSSPS 

2012; DoH 2017b; Scottish Government 2018b; Welsh Government 2017).  Despite the 

existence of such initiatives, however, more can still be done to reduce socio-economic oral 

and general health inequalities.  To provide two of many examples, the restricted coverage 

of many of the previously mentioned oral health improvement schemes means they do not 
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reach many deprived populations (NHS.UK 2020a; RCPCH 2018), whilst healthy foods remain 

more expensive compared to unhealthy alternatives (Jones et al. 2014; Scott et al. 2018).   

In relation to the implication that social environments, social relationships and the media 

should be utilised to improve people’s health behaviours, it can, again, be suggested that 

such paths could be utilised to a greater extent in the UK.  Many initiatives exist to target the 

role of parents in children’s oral and general health, such as universal health visiting 

programmes (Black et al. 2019) and the child oral health improvement programmes 

discussed above, many of which include support for parents (Childsmile 2014; Designed to 

Smile 2020a; NHS.UK 2020a).  However, there is significant variation in access to the former 

and latter programmes (IHV 2020), whilst the former also primarily involve parents only 

during the first few years of a child’s life (Black et al. 2019).  The strategic inclusion of family 

members, such as spouses, in oral and general health improvement approaches during 

adulthood is also limited, despite recognition of the value of such approaches (Arden-Close 

and McGrath 2017).  For example, recent data on NHS Stop Smoking Services in England 

suggest that less than one percent of sessions were delivered to family groups or couples 

(NHS Digital 2020).   

The role of schools in guiding children’s oral and general health behaviours is also variable 

but often quite minimal.  Oral and general health education has only been mandatory for 

schools in England, Wales and Northern Ireland since September 2020 (DfE).  Notably, prior 

to this, a survey conducted by the FDI World Dental Federation found oral health education 

in UK schools to be the poorest of thirteen countries surveyed (FDI 2019).  Many of the 

national and local oral health programmes discussed previously are also delivered via school 

environments (Childsmile 2014; Designed to Smile 2020a; Greater Manchester Health and 

Social Care Partnership 2019) but, as stated, coverage of these schemes is not universal 

across the UK.   

Beyond schools, there are various examples of oral and general health improvement 

initiatives based in other social environments and peer-group settings in the UK, such as 

workplaces and community groups (Kent Community Health NHS Foundation Trust 2021; 

Peninsular Dental Social Enterprise 2020).  However, these are limited and very variable 

across different geographic locations.  
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Furthermore, the widespread utilisation of media sources to promote positive oral and 

general health behaviours across the UK is evidenced by a variety of recent mass media 

campaigns, such as ‘Change4Life’, ‘Smokefree’ and ‘Stoptober’, amongst others (PHE 2020a).  

However, the presence of health promotion messages in the media could potentially be 

increased, especially those focusing on behaviours unique to oral health, such as oral 

hygiene and dental attendance behaviours.  In relation to dental attendance, the British 

Society of Paediatric Dentistry recently launched their ‘Dental Check by One’ campaign 

(BSPD 2019), but other such media initiatives are scarce. Positive oral and general health 

messages are also competing with extensive negative health messaging in the media, 

particularly relating to the widespread prevalence of unhealthy food and drink advertising 

(Al-Mazyad et al. 2017; Chapman et al. 2014; Pournaghi Azar et al. 2018).   

The implication of this research that psychological determinants of health behaviours must 

be addressed – particularly dental anxiety – faces some challenges in the UK context.  A 

survey of General Dental Practitioners in England in 2008 suggested that the management of 

dental anxiety in general dental practice was often inadequate, due to factors such as a lack 

of confidence, a lack of competence, and time or funding constraints (Hill et al. 2008).  

Specifically, 68%, 47% and 58% of practitioners, respectively, felt their training in the 

psychological management of dental anxiety, inhalation sedation and intravenous sedation 

techniques was less than adequate (Hill et al. 2008).  The lack of financial remuneration and 

time awarded by the NHS dental contract in England (which also applies to Wales) for 

anxiety management were also frequently reported as strong barriers to appropriate care.  

On the contrary, in relation to the importance of a dentist’s chairside manner in influencing 

patient anxiety, as highlighted by this research, a positive aspect at least is the emphasis 

placed on interpersonal skills in contemporary undergraduate dental training programmes, 

from the selection process to enter training (McAndrew and Salem-Rahemi 2013), to the 

assessment criteria governing the award of a dental degree (GDC 2015). 

This research also suggested that dental professionals should prioritise the delivery of oral 

health education, due to their role in influencing patient behaviour.  This is facilitated by 

several factors in the UK; for example, the provision of oral health education forms a key 

component of undergraduate dental education (GDC 2015; Holliday et al. 2018), whilst 

guidelines stipulate requirements for the provision of preventive education in dental 

practice (DoH 2017a; NICE 2015).  However, there are also some barriers to this implication, 
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the most central perhaps being time and funding constraints associated with NHS dental 

contracts, especially in England and Wales.  The provision of preventive advice is 

remunerated to some extent in Scotland and Northern Ireland, which have their own 

individual dental remuneration systems (HSC BSO 2020; The Scottish Government 2020).  

However, in England and Wales, this is not the case (D'Cruz et al. 2010).  Evidence suggests 

that, combined with the requirement to meet high activity targets, the remuneration system 

in England and Wales has negatively impacted upon the provision of preventive care 

(Chestnutt et al. 2009; Davies and Macfarlane 2010; Witton and Moles 2015).  Fortunately, a 

dental contract reform process has been underway in England and Wales (and also Northern 

Ireland) now for several years, a central aim of which has been to prioritise prevention (BDA 

2020a; Hill et al. 2020; Rooney 2018).  Preliminary findings have been encouraging to some 

extent (Rooney 2018), although it is currently unknown when these reform processes will 

result in the actual implementation of new contracts and the final form that these contracts 

will take.  Furthermore, the impact of the current COVID-19 pandemic on access to dental 

services and, hence, preventive advice must be acknowledged.  UK dental practices were 

closed for routine care for almost three months between March and June 2020 and, since 

re-opening, have been working at a substantially lower capacity than pre-pandemic levels 

and prioritising urgent treatment (Palmer et al. 2020). 

Many other pressures on the dental workforce must also be considered in light of the 

demonstrated importance of dental attendance and the dental profession on oral health 

behaviours and outcomes.  Evidence showed that access to NHS dentistry was difficult in 

some areas of the UK even prior to the coronavirus pandemic, particularly in many areas of 

England (BDA 2019a) and Wales (Owen et al. 2019).  Reasons for this were multifactorial, 

including insufficient contracting of NHS dental services to meet population need (BDA 

2019c; Owen et al. 2019) and challenges in recruiting and retaining NHS dentists (BDA 

2019a; Owen et al. 2019).  In relation to the latter, surveys revealed that large numbers of 

dentists were reducing or ceasing their NHS commitments, due to dissatisfaction with the 

NHS dental contract (BDA 2019b; Practice Plan 2019).  Furthermore, in 2020, sixteen percent 

of dentists working in the UK were EU nationals, who also qualified in the EU (Eaton 2020).  

Preliminary research has suggested that the UK’s exit from the EU may affect the 

recruitment and retention of this section of the dental workforce (Cameron 2019).   
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The suggestion of this research that dental professionals should take a holistic approach to 

smoking and dietary behaviour change counselling, focusing upon both oral and systemic 

health benefits, is also interesting to consider in the current UK policy context.  Many factors 

should facilitate this, such as the extensive teaching of general health topics across 

undergraduate dental training programmes (Atkin et al. 2018; GDC 2015; Mighell et al. 2011) 

and the strong focus on both oral and general health issues apparent in key behaviour 

change guidelines for dental professionals, such as the Department of Health’s ‘Delivering 

Better Oral Health’ prevention toolkit (DoH 2017a).  That said, however, a lack of attention 

to such general health issues is sometimes evident in other guidance for, or delivered by, 

dental teams, highlighting that this holistic approach is not completely embedded (Designed 

to Smile 2020c; NCSCT 2018).  The converse implication that general health professionals 

should incorporate oral, as well as general, health benefits into their counselling may also 

face some challenges.  In a study of recently qualified UK doctors, the majority recalled no 

previous training and a lack of confidence in oral health topics (Grocock et al. 2019).  

Furthermore, in relation to the implication of this research that oral and general health 

services should work collaboratively to target common risk factors between oral and 

systemic diseases, it is argued that such collaboration is currently poor and that dentists 

predominantly work in isolation from other parts of the healthcare system (Harnagea et al. 

2017; Wilson and Soni 2016).  In England, however, the current strategic direction of the 

NHS is to improve the provision of joined-up, coordinated, integrated care, which is being 

facilitated by some major changes to the organisation of health care services (NHS England 

2019a).  Integrated Care Systems are being introduced across England to allow a shared 

partnership of NHS and non-NHS organisations (such as local authorities) to take collective 

responsibility for health in their defined area (NHS England 2019a).  Furthermore, Primary 

Care Networks are facilitating collaboration between groups of general medical practices 

and other primary care providers (including dentists) within local areas (NHS England 2019a; 

2019b).  Such re-organisations are still in progress but could potentially help to improve 

collaborative working between oral and general health services.   

Finally, regarding the necessity of a life course approach to target health behaviours and oral 

health, such an approach is generally supported by key policy makers in the UK.  For 

example, publications from the UK’s national governments (DHSC 2019; Welsh Government 

2018), national public health agencies (PHE 2019a; PHW 2019) and NHS leadership bodies 



233 
 

(NHS England 2019a) frequently demonstrate an appreciation of supporting health from 

birth to end-of-life.  Such an approach is also supported in national oral health plans from 

across the UK (PHE 2014; Scottish Government 2018a; Welsh Government 2013).  For 

example, the Scottish Oral Health Improvement Plan, published in 2018, outlined measures 

targeting all stages of the life course, such as changing payments for dentists to encourage 

the delivery of preventive treatments in children, the introduction of a preventive care 

pathway for adults and the improvement of oral health support for older people in care 

homes and domiciliary settings (Scottish Government 2018a). 

6.3.5: Implications for future research 

Considering this present study alongside other evidence relating to the life course 

determinants of oral health, it is arguable that there is a need for further research within this 

field.   

This thesis proposes that an understanding of the relative importance of different 

determinants across the life course on oral health outcomes, and their pathways of 

influence, is necessary to guide the development of appropriate oral health improvement 

interventions.  Furthermore, it argues that the application of path analysis or SEM to 

longitudinal life course data can facilitate this (sub-section 2.12.1).  However, given the 

complete absence of prior quantitative studies using such statistical approaches to 

comprehensively model the life course determinants of oral health in the UK (Section 2.13), 

and the effect of the limitations in the present research study on the conclusions that can be 

drawn (sub-section 6.2.6), it is clear that further such UK studies are needed.  Furthermore, a 

review of the existing literature from outside of the UK (Section 2.13) also demonstrates a 

lack of such research in other countries – effectively limited to two studies (Broadbent et al. 

2016; Curtis et al. 2018a) – highlighting the need for further research globally.    

The present study highlights many methodological implications for such future research, 

however.  Firstly, studies must consider a more comprehensive array of potential 

determinants than the present research, including, in particular, information on dietary 

behaviours but also other factors, such as fluoride exposure (see sub-section 6.2.3).  

Deciding upon the exact predictor information to include requires careful consideration, 

especially given the complexity of some determinants (e.g. the many components of oral 

hygiene behaviours) and the difficulties in measuring many determinants (e.g. fluoride 
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exposure (Moore et al. 2020; Villa et al. 2010)).   Secondly, samples must meet the optimal 

sample size requirements of SEM techniques (Bentler and Chou 1987; Kline 2016), which 

means particularly large samples may be required in the presence of large numbers of 

predictor variables.  Thirdly, prospective methods of data collection should ideally be 

utilised, rather than retrospective methods.  It is arguable that retrospective studies may be 

considered as a secondary option to prospective studies.  However, if these are to be used, 

further research must be conducted into the validity of retrospective data collection 

methods, such as the measurement of dental attendance, oral hygiene and dental anxiety 

behaviours.  Furthermore, unless further research can develop and validate retrospective 

methods for assessing sugar consumption, such measurements should be avoided.  Finally, 

future studies may also benefit from including a range of outcome variables, such as clinical 

measures of caries and periodontal disease, as well as tooth loss, but also PROMS, such as 

OHRQoL (see sub-section 6.2.3).   

Considering the above methodological recommendations, it is evident that the oral health 

components of existing UK prospective cohort studies require substantial improvement, if 

they are to contribute to this research field.  As outlined in sub-section 2.11.2, no other 

existing prospective UK birth cohorts (other than the NTFS) have collected oral health 

outcome data beyond the age of 33, whilst detail regarding potential oral health 

determinants is lacking in all cohorts.  Therefore, the expeditious addition of such 

components to existing cohorts still in their early years would be beneficial, in addition to 

prioritising oral health components in the development of new cohorts.   

Outside of the UK, the existing prospective birth cohorts (see sub-section 2.11.2) are better 

able to meet the methodological recommendations outlined above.  For example, the 

Dunedin, Pelotas and Iowa Fluoride birth cohort studies already include prospectively 

collected, detailed oral health information (although are also not without their limitations, 

e.g. the limited availability of dietary information in the Dunedin Study) (Levy et al. 1998; 

Peres et al. 2017; Peres et al. 2011a; Peres et al. 2010; Poulton et al. 2015).  Therefore, 

future life course analyses of the determinants of oral health should continue to be based 

upon these cohorts.  In addition, as in the UK, due consideration should be given to oral 

health in the planning of future waves of these existing studies and the planning of new 

cohorts.   
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This research has also highlighted that there is scope for further qualitative exploration of 

the life course determinants of oral health beliefs and behaviours.  In particular, the present 

study highlighted some specific topics that would warrant further exploration, for example, 

the contribution of oral health motivations, compared to general health motivations, to 

dietary and smoking behaviours across the life course.  As discussed (sub-section 6.1.4), 

there is limited previous research on this topic (Andersson and Johannsen 2016; Rawahi et 

al. 2018; Rosseel et al. 2010), but it has significant ramifications for the development of 

appropriate interventions.  Moreover, the application of the present research to 

contemporary populations relied upon extrapolating findings from a cohort born in 1947.  It 

would therefore be useful to corroborate the findings of this research in current 

populations, for example, by selecting individuals from across the life course and exploring 

differing influences in each group.  In such future research studies, greater utility of the TDF 

framework (Cane et al. 2012) could be considered (during both interview and data analysis 

stages), to maximise the identification of potential determinants of behaviours. 

Further implications for future research relate to the translation of the findings of the 

present study into the development of effective interventions.  Such intervention research is 

a growing area of interest and studies are already addressing many relevant topics, such as: 

the reduction of socio-economic oral health inequalities (Bambra et al. 2015; Kidd et al. 

2020; Raison and Harris 2019); school-based oral health interventions (Arora et al. 2019; 

Blake et al. 2015; Cooper et al. 2013; Saied-Moallemi et al. 2009); media-based interventions 

(Bradley et al. 2020; Croker et al. 2012; Friel et al. 2002; Gholami et al. 2017; Morley et al. 

2018); couple- and peer group-based interventions (Arden-Close and McGrath 2017; Dobbie 

et al. 2019; Faseru et al. 2018); the effects of different contract remuneration models on 

dentists’ preventive behaviours (Hill et al. 2017); the improvement of behaviour change 

counselling in dental settings, such as via motivational interviewing (Gao et al. 2014; Kopp et 

al. 2017); and the management of dental anxiety (James et al. 2013; Wide Boman et al. 

2013).   

Upon review of this evidence base, it is apparent that research around certain topics is more 

advanced than others and that, in some areas, there remains significant uncertainty around 

the effectiveness of different interventions.  To provide some examples, a number of studies 

have evaluated interventions to improve dietary and smoking behaviours that focus upon 

enhancing spousal or partner support (Arden-Close and McGrath 2017; Faseru et al. 2018; 
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Trief et al. 2011).  However, to the author’s knowledge, no research has been conducted 

around similar interventions to improve oral hygiene or dental attendance behaviours.  

Potential ideas could involve couple-based behaviour change counselling or more novel 

ideas, such as recording partners’ attendance patterns at existing patient contacts and using 

initiatives to improve these (e.g. sending appointment invitations).  Another example where 

uncertainty remains is around school-based oral health interventions.  The evidence around 

school-based smoking prevention, oral hygiene and diet interventions, plus oral health 

screening programmes, has been evaluated in several recent Cochrane reviews (Arora et al. 

2019; Cooper et al. 2013; Thomas et al. 2013).  Although Thomas et al.’s (2013) review 

identified 134 studies for inclusion and found strong evidence that smoking prevention 

programmes were effective, the other reviews identified only limited evidence for inclusion.  

Cooper et al. (2013) concluded that there was some evidence that school-based oral hygiene 

and dietary interventions improved plaque control and oral health knowledge, but that there 

was insufficient evidence of their effects on other outcomes.  Arora et al. (2019) found some 

evidence that school oral health screening programmes improved children’s dental 

attendance but concluded that this evidence was of ‘low certainty’.  The latter two studies 

both highlighted a need for substantial further research.  A final example of where 

intervention research might be indicated, but is currently absent, relates to the focus of 

dietary and smoking cessation interventions in the dental setting.  It would be useful to 

evaluate whether the effectiveness of behavioural counselling changes with a shifting focus 

between oral and general health benefits. 

A further implication of the present study is that such future intervention research must 

utilise a complete life course approach.  In particular, interventions must be developed and 

evaluated for all stages of the life course and must target the appropriate determinants 

acting at each stage.  For example, research evaluating the effects of media interventions on 

oral health should consider whether effects vary across the life course, and even whether 

different interventions should be used to target different age groups at the outset.   

The wide array of determinants identified in this research also emphasises the 

appropriateness of complex interventions – those which comprise several interacting 

components (Craig et al. 2008) – as opposed to simple interventions, to improve health 

behaviours and oral health outcomes.  Accordingly, research into the development and 
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evaluation of complex interventions should be prioritised, following existing examples (Brady 

et al. 2011; Gray-Burrows et al. 2016; Kidd et al. 2020).   

A final topic worthy of further consideration is the process by which research findings 

relating to the determinants of health are translated into appropriate interventions.  A key 

milestone in recent years has been the production of the ‘Behaviour Change Wheel’, which 

was designed to link each domain of the COM-B model of behaviour to specific intervention 

functions and policy categories (Michie et al. 2011).  Once appropriate intervention targets 

have been identified, it is subsequently recommended that suitable behaviour change 

techniques can then be selected from a definitive list (Michie et al. 2014; Michie et al. 2013).  

Such a methodological process might be considered in future studies attempting to identify 

appropriate behaviour interventions, following recent examples in the oral health field 

(Gallagher et al. 2020; Templeton et al. 2016).   
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Chapter 7: Conclusions and Recommendations 

The overall aim of this research was to provide further evidence regarding the life course 

determinants of oral health in the UK, based upon the need to thoroughly understand such 

determinants if appropriate and effective interventions are to be developed. 

Following the identification of two major gaps in existing research – specifically the lack of 

qualitative exploration of the life course determinants of oral health and related behaviours, 

and the lack of robust and comprehensive quantitative models of the life course 

determinants of oral health – a mixed-methods project was devised.  This was based upon a 

1947 UK birth cohort – the Newcastle Thousand Families Study – and involved qualitative 

interviews to explore what influenced how individuals looked after their oral health across 

their lifetime, and a quantitative path analysis to model the life course determinants of 

participants’ later life tooth retention.  

This mixed-methods research study generated substantial new evidence regarding the life 

course determinants of oral health in the UK.  However, it did also have several limitations.  

In particular, the availability and robustness of the independent variables utilised in the 

quantitative study restricted to some extent the conclusions that could be drawn, especially 

the absence of life course sugar consumption information.  Furthermore, being based upon a 

historical 1947 birth cohort, the application of the qualitative and quantitative findings of 

this research to more contemporary UK populations requires careful consideration.   

Taking into account the limitations of this research, and considering its findings alongside 

existing evidence, the overall conclusions that can be drawn are as follows:  

• A broad range of factors across the life course influence later life tooth retention in 

the UK, likely including (but not limited to) OHBs, socio-economic determinants, 

dental anxiety, sex and parental encouragement to look after one’s teeth.   

• Regarding the particular contributions of different OHBs, this research suggests that 

life course smoking and dental attendance practices influence later life tooth 

retention.  Previous research also suggests that a similar influence of life course oral 

hygiene and sugar consumption practices is likely, although further research is 

needed to confirm this. 
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• Due to the limitations associated with this research (and previous evidence), the 

relative contributions of different determinants across the life course on later life 

tooth retention remains relatively uncertain.   

• In turn, the determinants of how and why people look after their oral health are 

broad, and include factors associated with the dental profession, society (e.g. school, 

media and peer influences), family members, and individuals themselves. 

• The influencing factors of different behaviours likely overlap to a large extent, but 

some determinants may also differ.  For example, this research suggests that 

enjoyment and systemic health concerns are key determinants of dietary and 

smoking behaviours, which are not relevant to other OHBs, whilst dental anxiety is an 

additional determinant unique to dental attendance. 

• The influences of people’s OHBs change across the life course.  Parents are likely the 

predominant influencers in childhood, but other sources, such as dental 

professionals, schools and siblings may also play a role.  As individuals transition to 

independent adulthood, the influence of childhood authorities likely persists, but 

other factors also begin to play a key role, such as individual-level factors and societal 

influences, particularly peers.  Finally, this research suggests that a central role of 

individual-level factors, society and the dental profession likely persists in 

independent adulthood, but that the predominant influence of family members 

generally transfers from parents to spouses and children, especially the former.  

• Finally, the interplay between different influences of behaviours is complex.  This 

research supports the application of the key tenets of the PRIME theory of 

motivation (West 2006) and the COM-B theory of behaviour (Michie et al. 2011) to 

the determinants of OHBs.  Respectively, these are that motivation is ultimately 

determined by the overall balance of positive and negative motivators, and that 

motivation, capability and opportunity are required for behaviours to be enacted. 

In light of the above conclusions, this research has multiple wide-reaching implications 

for policy and practice in the UK.  Such implications relate to oral health but also to the 

field of general health to some extent, due to the position of certain OHBs (e.g. smoking 

and diet) as common risk factors for many general health conditions.  The key 

implications of this research are summarised below:  
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• A broad range of determinants must be targeted if oral health outcomes are to be 

improved in the UK.  These include OHBs, but also many wider determinants of oral 

health outcomes and behaviours.   

• The socio-economic determinants of oral health outcomes and health behaviours 

must be addressed, either via the levelling-up of socio-economic disparities 

themselves or by addressing the pathways which mediate such socio-economic 

inequalities.  

• The impact of societal influences and social relationships on health behaviours must 

be utilised.  This includes exploiting the influence of sources such as schools, the 

media, peers and family members in health behaviour improvement strategies.   

• The dental profession’s influence on health behaviours must be maximised, by 

ensuring their contribution to dental anxiety is positive and by harnessing their 

influence on all OHBs.  To maximise the efficacy of interventions targeting smoking 

and dietary behaviours, dental professionals should highlight both the general and 

oral health benefits of behaviour change. 

• Efforts to improve oral health outcomes and health behaviours must focus on the 

whole life course and target the appropriate determinants at each life course stage.   

Currently in the UK, a number of policies and strategies are already in place, which partially 

facilitate the above recommendations.  Nevertheless, there is substantial potential for 

further action.  In order to facilitate this, further intervention research is now required to 

translate the evidence base around the life course determinants of oral health into the most 

effective life course oral health improvement interventions.   

Alongside the above intervention research, it is also recommended that the findings of the 

present research be corroborated in future studies, to address the limitations of the present 

study and ensure any intervention research is based upon the most robust evidence. In 

particular: 

• The quantitative life course analysis in this study should be repeated using more 

comprehensive, robust life course datasets.  This would allow more detailed 

conclusions to be drawn regarding the contributions of different determinants across 

the life course on oral health outcomes.  Notably, this has implications for the future 



241 
 

planning of existing and new life course cohorts in the UK and elsewhere, if optimal 

methodological requirements are to be met. 

• The contemporary applicability of the qualitative findings of the present research 

should also be corroborated by undertaking further qualitative research in more 

contemporary UK populations. 
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Appendix A: Ethical approval for qualitative interviews with NTFS participants 

(Phase 1) 
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Appendix B: Ethical approval for questionnaire distribution to NTFS 

participants and secondary data analysis of NTFS data (Phases 2 and 3) 
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Appendix C: Invitation letter, participant information sheet and consent form 

for qualitative interviews with NTFS participants (Phase 1) 
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Predictors of poor oral health trajectories in middle age: Who is at greatest 
risk? 

 

Participant information 

            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
      

 

 

 

 

 

You are being invited to take part in a research study. This study 

will involve speaking with a research student (Rhiannon O’Connor) 

from Newcastle University about how factors across your lifetime 

have influenced and shaped your current dental health. 

Before you decide whether you would like to take part in this 

project, we would like to tell you about the purpose of this study, 

and what taking part would involve. 

Please read this leaflet carefully, talk to others if you wish, and 

take time to decide whether you would like to participate. 

If you have any questions, you can contact Rhiannon as follows: 

Rhiannon O’Connor (Research Lead) 
Level 7, School of Dental Sciences 

Framlington Place, 
Newcastle University 

Newcastle upon Tyne, 
NE2 4BW. 

Rhiannon.O’Connor@ncl.ac.uk 
0191 208 7829 

 

Thank you for reading this leaflet. 
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What is the project about? 

This project is entitled Predictors of poor oral health trajectories in middle age: Who is 
at greatest risk? The purpose of this study is to find out about which factors across 
your lifetime have influenced and shaped your current dental health.    

 

Why have I been asked? 

You have been invited to take part in this study because you are a member of the 
Newcastle Thousand Families Study cohort who previously attended both dental 
examinations conducted as part of this study around 1997 and 2009.  We now wish 
to interview about 30 individuals to find out more about what has influenced your 
dental status over your lifetime.   

 

What is involved? 

You are being invited to take part in an interview of approximately one hour. 
Interviews will be carried out by Rhiannon O’Connor (a member of staff at Newcastle 
University) at a time and location that is convenient for you. You will be asked about 
factors and situations across your lifetime that may have influenced your dental 
health.  Examples of topics that may be discussed are your previous dental 
attendance, how you look after your teeth at home, your experiences of dental 
treatment in childhood etc.   

The interview will be recorded using a digital audio recorder.  You can stop the 
interview or withdraw from this study at any time. 

 

How will data from my interview be used? 

The audio recording will be typed up by Rhiannon or an authorised member of the 
study team and then will be analysed by Rhiannon and the study team.  We are 
trying to find out what things over a lifetime shape someone’s dental health in later 
life.   

 

What are the benefits? 

By sharing your experiences with us, you will be helping us to build a clearer picture 
of how dental health in later life is shaped across the whole lifetime.  Ultimately, this 
will allow us to find better ways of preventing poor dental health in later life.   

 

What are the risks? 
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Though all efforts will be made to avoid inconveniencing you, the interview will take 
up some of your time.  Some of the things that influenced your dental health may 
also be upsetting for you to discuss.  You do not have to discuss anything with 
Rhiannon that you do not want to. 

 

Will people know that I took part? 

All identifiable data, such as names, addresses, workplaces, etc. will be removed 
from the typed up interview so that all data held will be anonymous and cannot be 
traced back to you.   

Findings from this study will most likely be published in scientific journals that are 
widely read by health professionals, or presented to other dental professionals at 
conferences.  Information from your interview, including short “quotes” may be 
included, but will be anonymised.  Therefore, no-one will know that you have taken 
part in the study.   

There are some circumstances when the researcher may have to tell someone else 
information that you have given, for example, if you disclose information about harm 
caused to yourself or others.  This is a legal obligation. 

 

How will my data be stored and for how long? 

The audio recording of your interview will be destroyed immediately after 
transcription.  The transcribed anonymised interview will be stored securely on a 
password-protected computer.  At the end of this research, this anonymised 
transcript will be returned to Dr Mark Pearce, director of the Thousand Families 
Study, and stored securely with the other data from the Thousand Families Study.  

 

What do I do next? 

You will be called by a member of our study team over the next 2 weeks, who will 
answer any questions you may have and ask if you would be happy to participate in 
this study.  If you are happy, we will arrange an interview at a time and place 
convenient to you. 

If you do not wish to participate, please tell the study member when they telephone 
you.  It is completely your choice whether or not to participate.  

If you wish to contact us instead of awaiting our call, please use the details on the 
front of this form. 

 

I have a question. 
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If you would like any more information about the study, please contact the researcher 
using the information on the front page of this leaflet.  

I have a concern and would like to speak to somebody other than the 
researcher. 

In this case, please contact:  

Dr Mark Pearce (mark.pearce@ncl.ac.uk) 
Director of the Newcastle Thousand Families Study 
Institute of Health & Society 
Newcastle University 
Sir James Spence Institute, RVI 
Newcastle upon Tyne  
NE1 4LP 
 

  

mailto:mark.pearce@ncl.ac.uk
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Appendix D: Invitation letter and participant information sheet for dental 

questionnaire completion by NTFS participants (Phase 2) 
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Predictors of poor oral health trajectories in middle age: Who is at greatest 
risk?  

Phase 3-Dental Questionnaire 

 

Participant information 

            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
            
      

 

 

 

 

As a Thousand Families Study participant, you are being invited to 

take part in a research project about your dental health. This will 

involve completing a short questionnaire about your current dental 

health and some behaviours across your life which may have 

influenced this.  

Before you decide whether you would like to take part in this 

project, we would like to tell you about the purpose of this study, 

and what taking part would involve. 

Please read this leaflet carefully, talk to others if you wish, and 

take time to decide whether you would like to participate. 

If you have any questions, you can contact the lead researcher, 

Rhiannon O’connor, as follows: 

Rhiannon O’Connor (Research Lead) 
Level 7, School of Dental Sciences 

Framlington Place, 
Newcastle University 

Newcastle upon Tyne, 
NE2 4BW. 

Rhiannon.O’Connor@ncl.ac.uk 
0191 208 7829 
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What is the project about? 

This project is entitled Predictors of poor oral health trajectories in middle age: Who is 
at greatest risk? Phase 3-Dental Questionnaire.  The purpose of this study is to find 
out about which factors across your lifetime have influenced the number of teeth you 
retained in later life.    

 

Why have I been asked? 

You have been invited to take part in this study because you are a member of the 
Newcastle Thousand Families Study cohort who previously attended a dental 
examination as part of this study, around either 1997 and/or 2009.  We now wish to 
find out a bit more information about some behaviours over your lifetime which may 
have influenced your dental status at the time of these examinations.  

 

What is involved? 

You are being asked to complete a short questionnaire, which should take you about 
ten minutes to complete.  The questionnaire includes questions about your current 
dental health and about your tooth brushing habits, dental visiting patterns, diet and 
relationships across your lifetime.  

You can complete the paper questionnaire and return it to us in the stamped 
addressed envelope provided, or complete an online version of the questionnaire at 
www.(to be completed).  

 

How will data from the questionnaire be used? 

The data you provide will be analysed, alongside relevant data you have previously 
provided throughout the study, by Rhiannon and other authorised members of the 
study team.  We are trying to find out what factors over your lifetime may have 
influenced the number of teeth you retained in later life. 

 

What are the benefits? 

By sharing your experiences with us, you will be helping us to build a clearer picture 
of how dental health in later life is shaped across the whole lifetime.  Ultimately, this 
will allow us to find better ways of preventing poor dental health in later life.   

 

What are the risks? 

Completing the questionnaire will take about ten minutes of your time but there are 
no other risks associated with this study. 
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Will people know that I took part? 

No.  Findings from this study will most likely be published in scientific journals that 
are widely read by health professionals, or presented to other dental professionals at 
conferences, but you will not be identifiable from any data presented.   

 

How will my data be stored and for how long? 

Data from the questionnaire will be stored electronically on a password-protected 
computer.  Paper questionnaires will be stored securely and will only be accessible 
by authorised members of the study team.  Electronic data and paper questionnaires 
will only be identifiable by your study identification number and will not be linked to 
any personal details, such as your name or address.       

The data collected in this project will be stored as long as the Thousand Families 
Study continues, with all other data collected in the study. 

What do I do next? 

If you agree to participate, please complete the enclosed questionnaire and return it 
to us in the stamped addressed envelope provided, or complete the questionnaire 
online at www.(to be completed). 

If we do not receive a completed questionnaire from you, we may contact you further 
by phone, e-mail or letter to check that you received the questionnaire.   

If you do not wish to complete the questionnaire and do not want us to contact you 
further, you may let us know by using the contact details on the front of this leaflet. 

I have a question or would like help completing the questionnaire. 

If you would like more information about the study or help with completing the 
questionnaire, please contact Rhiannon using the contact details on the front page of 
this leaflet.  

I have a concern and would like to speak to somebody other than the 
researcher. 

In this case, please contact:  

Dr Mark Pearce (mark.pearce@ncl.ac.uk) 
Director of the Newcastle Thousand Families Study 
Institute of Health & Society 
Newcastle University 
Sir James Spence Institute, RVI 
Newcastle upon Tyne  
NE1 4LP 

http://www.(to/
mailto:mark.pearce@ncl.ac.uk
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Appendix E: Topic guide for qualitative interviews (initial version) 

Please remember: 

• I will ask you lots of questions and listen to your responses. 

• Don’t worry if some questions are similar and you repeat yourself when answering 

them.   

• There are no right or wrong answers.  I am purely interested in your views and 

experiences. 

• Please feel free to be silent when thinking about your answers.  I also may be silent 

for a few minutes whilst I think about my next question! 

• If there are any questions that you’d rather not answer, you don’t have to. 

Introductory Questions 

Can you tell me what you understand “having good teeth or good oral health” to mean? 

Do you think having good dental health is important?  Why/why not? 

Not thinking about your dental health but thinking about dental health in general, what 

factors do you think influence the condition of someone’s teeth and mouth? 

Your dental health 

Can you tell me about what your dental health (your teeth, mouth & gums) is currently like? 

How happy are you with the condition of your teeth/mouth/gums?  

Can you tell me about how your dental health has changed over your lifetime (ie, from when 

you were a child to now)? 

Why teeth have been lost 

We saw you for a dental exam around 1997 (when you were around 50) and around 2009 

(when you were around 62).  In 1997, you had ___ teeth. In 2009, you had ___ teeth.  

Thinking about any adult teeth that you have ever lost or had taken out, when were these 

teeth lost and why (i.e, did they become loose/have decay/give you pain?) 

Influencing factors of YOUR oral health 
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Please tell me as much as you can about why you think your dental health is as it is now.  

What do you think caused it to be like this? 

Probing questions if needed: 

• Were certain times in your life particularly important in shaping your dental 

health? 

• Can you think of any events in your life that you think influenced your dental 

health? 

• How did you look after your teeth/mouth in 

childhood/adolescence/adulthood? 

• How has the way you think about your mouth and teeth changed throughout 

your life?   

• Is there any way in which your friends/family have any influence on your 

current dental health?  

• How frequently do you visit a dentist and has this changed over your 

lifetime?  Why? What has your experience of visiting the dentist been like?  

What types of treatment have you chosen/received? 

Topics to probe if not covered: 

• How important do you think what people eat & drink is in influencing their 

dental health? How might your diet have affected your oral health? 

• Have you ever smoked?  If so, can you tell me about your smoking habits over 

your lifetime?  To what extent do you think smoking may have affected your 

oral health? 

• How important do you think mouth cleaning behaviours are?  How have you 

cleaned your mouth and teeth over your life and what factors have influenced 

this? 

Trajectories in middle age 
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I am very interested in how and why your dental health has changed over the last 20 years 

or so (over your 50’s and 60’s). Can you tell me any more about how your dental health has 

changed over these recent years?  And why?  

Most important factors 

Now that you have thought in detail about what has influenced your dental health over your 

lifetime, which do you think have been the most important influencing factors? 

Norms 

How do you think your dental health compares to other people’s, ie, that of your 

friends/family/other people?  Why do you think that is? 

Closing: 

Is there anything about your experience that you feel we haven’t covered? 

Do you have any questions for me? 

 

Thank you very much for taking part in this study. 
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Appendix F: Topic guide for qualitative interviews (final version) 

NB: Changes from initial version are highlighted by shading. 

Please remember: 

• I will ask you lots of questions and listen to your responses. 

• Don’t worry if some questions are similar and you repeat yourself when answering 

them.   

• There are no right or wrong answers.  I am purely interested in your views and 

experiences. 

• Please feel free to be silent when thinking about your answers.  I also may be silent 

for a few minutes whilst I think about my next question! 

• If there are any questions that you’d rather not answer, you don’t have to. 

Introductory Questions 

Can you tell me what you understand ‘having good teeth or good oral health’ to mean? 

Do you think having good dental health is important?  Why/why not? 

Not thinking about your dental health but thinking about dental health in general, what 

factors do you think influence the condition of someone’s teeth and mouth? 

Your dental health 

Can you tell me about what your dental health (your teeth, mouth & gums) is currently like? 

How happy are you with the condition of your teeth/mouth/gums?  

Can you tell me about how your dental health has changed over your lifetime (i.e., from 

when you were a child to now)? 

Why teeth have been lost 

We saw you for a dental exam around 1997 (when you were around 50) and around 2009 

(when you were around 62).  In 1997, you had ___ teeth. In 2009, you had ___ teeth.  

Thinking about any adult teeth that you have ever lost or had taken out, when were these 

teeth lost and why (i.e., did they become loose/have decay/give you pain?) 
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Influencing factors of YOUR oral health and behaviours 

Please tell me as much as you can about why you think your dental health is as it is now.  

What do you think caused it to be like this? 

Probing questions if needed: 

• Were certain times in your life particularly important in shaping your dental 

health and behaviours? 

• Can you think of any events in your life that you think influenced your dental 

health and behaviours? 

• How did you look after your teeth/mouth in 

childhood/adolescence/adulthood and why? 

• How has the way you think about your mouth and teeth changed throughout 

your life?   

• Is there any way in which your friends/family have influenced your dental 

health?  

• How frequently do you visit a dentist and has this changed over your 

lifetime?  Why? What has your experience of visiting the dentist been like?  

What types of treatment have you chosen/received and why? 

 

Topics to probe if not covered: 

• How important do you think what people eat & drink is in influencing their 

dental health? How might your diet have affected your oral health and what 

has influenced your diet? 

• Have you ever smoked?  If so, can you tell me about your smoking habits over 

your lifetime and what has influenced them?  To what extent do you think 

smoking may have affected your oral health? 

• How important do you think mouth cleaning behaviours are?  How have you 

cleaned your mouth and teeth over your life and what factors have influenced 

this? 

• Has money or financial issues had any impact on your dental health at any 

stage of your life, in any way you can think of?  (Prompt as necessary-What 
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about affording dental treatment/taking time off work for 

appointments/buying oral hygiene products?) 

• Has access to dental services affected your oral health at any time across your 

life? 

Children 

Does the participant have children and how have they influenced them across their life? 

Emerging Themes to Probe further 

• Responsibility: Whose responsibility was it to look after your teeth across your 

life?/Who is responsible for the way your mouth currently is? 

• Incentive: What has been the main incentive to look after your teeth across your life-

history/avoidance of pain/aesthetics/function, or was it just habit/influence of 

others? 

• Social versus personal influence-Has your social/family environment or yourself been 

more influential on your oral health across your life time? 

• Importance of habit in oral health behaviours 

• Knowledge versus action 

• Expectation: How expectation of dental health influenced dental health. 

• Priority with age. Have priorities changed with age and why? 

 

Most important factors 

Now that you have thought in detail about what has influenced your dental health over your 

lifetime, which do you think have been the most important influencing factors? 

Norms 

How do you think your dental health compares to other people’s, i.e., that of your 

friends/family/other people?  Why do you think that is? 

Closing: Is there anything about your experience that you feel we haven’t covered? 

 

Thank you very much for taking part in this study. 



263 
 

Appendix G: Final age 69 dental questionnaire sent to NTFS participants 
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Appendix H: Initial version of the ‘scenario-based’ sugar intake question (not 

included in the final dental questionnaire) 
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Appendix I: Second version of the ‘scenario-based’ sugar intake question (not 

included in the final dental questionnaire) 
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Appendix J: Third version of the ‘scenario-based’ sugar intake question (not 

included in the final dental questionnaire) 
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Appendix K: Age 69 dental questionnaire responses stratified by gender (for 

the purpose of assessing construct validity)  

 Age 15 Age 25 Age 35 Age 50 Age 60 

 Male Female Male Female Male Female Male Female Male Female 

Tooth brushing frequency 
      Twice daily or more 
      Once daily 
      Less than once daily 
      Never or rarely 

 
33.0 
45.0 
18.0 
4.0 

 
50.3 
40.8 
4.7 
4.1 

 
47.0 
45.0 
6.0 
2.0 

 
64.6 
31.9 
2.8 
0.7 

 
56.6 
36.4 
6.1 
1.0 

 
73.4 
25.9 
0.0 
0.7 

 
58.8 
35.1 
4.1 
2.1 

 
79.3 
19.3 
1.4 
0.0 

 
63.3 
30.6 
5.1 
1.0 

 
80.6 
18.0 
1.4 
0.0 

Dental check-ups 
      At least once per year 
      At least once every 2 yrs 
      Less than every 2 years 
      Never, only when 
trouble 

 
41.8 
11.7 
7.8 
38.8 

 
65.3 
8.8 
6.1 
19.7 

 
42.7 
22.3 
10.7 
24.2 

 
70.6 
11.0 
6.1 
12.3 

 
59.2 
16.5 
7.8 
16.5 

 
78.6 
9.7 
6.2 
5.5 

 
72.8 
4.9 
8.7 
13.6 

 
89.0 
4.1 
3.4 
3.4 

 
79.8 
4.8 
2.9 
12.5 

 
86.4 
0.7 
4.1 
8.8 

Anxiety about treatment 
      Not anxious 
      Slightly anxious 
      Fairly anxious 
      Very anxious 
      Extremely anxious 

 
16.0 
32.1 
26.4 
18.9 
6.6 

 
18.5 
18.5 
23.1 
27.1 
12.6 

 
32.1 
36.8 
18.9 
8.5 
3.8 

 
21.9 
30.5 
22.5 
17.9 
7.3 

 
49.1 
27.4 
18.9 
3.8 
0.9 

 
25.2 
34.4 
21.9 
13.3 
5.3 

 
58.5 
25.5 
12.3 
2.8 
0.9 

 
32.7 
33.3 
19.3 
10.0 
4.7 

 
62.3 
25.5 
8.5 
3.8 
0.0 

 
36.2 
33.6 
12.8 
12.8 
4.7 

Sugar consumption 
frequency 
      Less than once per day 
      1-2 times per day 
      3-4 times per day 
      5-6 times per day 
      7 or more times per day       

 
 
3.9 
18.5 
44.7 
20.4 
12.6 

 
 
2.7 
20.1 
47.7 
27.5 
2.0 

 
 
2.9 
22.3 
45.6 
20.4 
8.7 

 
 
2.0 
25.7 
46.6 
25.0 
0.7 

 
 
8.7 
29.8 
34.6 
22.1 
4.8 

 
 
7.4 
22.7 
45.6 
17.6 
1.4 

 
 
13.5 
36.5 
30.8 
16.4 
2.9 

 
 
11.6 
36.7 
38.1 
11.6 
2.0 

 
 
20.8 
41.5 
25.5 
9.4 
2.8 

 
 
17.6 
38.5 
32.4 
8.8 
2.7 

 Male Female 

Current dental anxiety 
(MDAS score) 

8.3 11.4 

Spousal influence 
      Strong positive  
      Moderate positive 
      Small positive 
      No influence    
      Negative influence 

 
28.3 
32.1 
16.0 
23.6 
0.0 

 
17.0 
15.7 
10.9 
55.8 
0.7 

Table 32: Age 69 dental questionnaire responses stratified by gender (n=261).   
All values are proportions, apart from MDAS scores, which are means  
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Appendix L: Step-by-step model iterations, and rationale for the model building process, used to produce a path model of the 

life course determinants of tooth retention age 63. 

Iteration 
number 

Action Model statistics Explanatory notes 

Non-sig paths (p>0.05) Modification Indices (MI) 

1.  Reduced multivariable regression 
analysis constructed as path model 

 49.6   - dental attendance 15/dental 
attendance 35  

Theoretically sound causal path  

2.  Added path: dental attendance 15 → 
dental attendance 35  

 5.2     - dental attendance 35/dental anxiety 
(late adulthood) 

Paths between any dental attendance & 
dental anxiety variables not included until 
all dental anxiety/dental attendance 
variables in model (exploratory analyses 
demonstrated excessive number of 
iterations required otherwise) 

No lower MIs  

3.  Added new variable: pack-years 30-
62 

 7.5     - pack-years 30-62/tooth count age 63 Theoretically sound causal path  

4.  Added path: pack-years 30-62 → 
tooth count age 63 

 5.2     - dental attendance 35/dental anxiety 
(late adulthood) 

Rationale as per iteration 2 

No lower MIs  

5.  Added new variable: education level  12.5   - education level/tooth count age 63 Theoretically sound causal path 

6.  Added path: education level → tooth 
count age 63 

 7.4     - education level/pack-years 30-62 Theoretically sound causal path 

7.  Added path: education level → pack-
years 30-62 

 6.5     - education level/dental anxiety (late 
adulthood) 

Theoretically sound causal path 

8.  Added path: education level → 
dental anxiety (late adulthood) 

 5.5     - dental attendance 50/dental anxiety 
(late adulthood) 

Rationale as per iteration 2 
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4.9     - dental attendance 35/dental anxiety 
(late adulthood) 

Rationale as per iteration 2 

No lower MIs  

9.  Added new variable: pack-years 10-
29 

 110.5 - pack-years 10-29/pack-years 30-62 Theoretically sound causal path 

10.  Added path: pack-years 10-29 → 
pack-years 30-62 

 5.5     - dental attendance 50/dental anxiety 
(late adulthood) 

Rationale as per iteration 2 

4.9     - dental attendance 35/dental anxiety 
(late adulthood) 

Rationale as per iteration 2 

No lower MIs  

11.  Added new variable: dental anxiety 
(early adulthood) 

 55.2   - dental anxiety (early 
adulthood)/dental anxiety (late 
adulthood) 

Theoretically sound causal path 

12.  Added path: dental anxiety (early 
adulthood) → dental anxiety (late 
adulthood) 

 8.3     - dental anxiety (early 
adulthood)/dental attendance 35 

Rationale as per iteration 2 
 

6.1     - dental attendance 50/dental anxiety 
(late adulthood) 

Rationale as per iteration 2 
 

No lower MIs  

13.  Added new variable: sugar 
consumption 50 

 As for iteration 12 Variable removed from model as no 
associated MIs 

14.  Added new variable: illness limiting 
daily activity (age 50) 

 As for iteration 12 Variable removed from model as no 
associated MIs 

15.  Added new variable: dental 
attendance 15 

 13.2   - dental attendance 15/dental 
attendance 35 

Theoretically sound causal path 

16.  Added path: dental attendance 15 → 
dental attendance 35 

 9.4     - dental attendance 15/dental anxiety 
(early adulthood) 

Theoretically sound causal path (could now 
be added as all dental attendance/dental 
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anxiety variables in model-see rationale at 
iteration 2) 

17.  Added path: dental attendance 15 → 
dental anxiety (early adulthood) 

 9.2     - education level/dental attendance 15 
 

No theoretical rationale (issues with 
temporal relationship in direction shown as 
education to degree level would occur after 
age 15/no causal rationale for reverse 
direction) 

7.1     - dental attendance 15/pack-years 10-
29 

Monitored as theoretical rationale 
potentially weak 

6.1     - dental attendance 50/dental anxiety 
(late adulthood) 

Theoretically sound causal path  

18.  Added path: dental attendance 50 → 
dental anxiety (late adulthood) 

dental attendance 50 → 
dental anxiety (late 
adulthood) 

  

19.  Removed path: dental attendance 50 
→ dental anxiety (late adulthood) 

 9.2     - education level/dental attendance 15 
 

Rationale as per iteration 17 

7.1     - dental attendance 15/pack-years  
10-29 

Rationale as per iteration 17 

6.1     - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant  

5.0     - dental attendance 15/dental anxiety 
(late adulthood) 

Theoretically sound causal path 

20.  Added path: dental attendance 15 → 
dental anxiety (late adulthood) 

 9.2     - dental attendance 15/education level Rationale as per iteration 17 

7.1     - dental attendance 15/pack-years 10-
29 

Rationale as per iteration 17 

6.7     - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 
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4.7     - dental anxiety (early 
adulthood)/dental attendance 35 

Theoretically sound causal path 

21.  Added path: dental anxiety (early 
adulthood) → dental attendance 35 

 9.2     - education level/dental attendance 15 Rationale as per iteration 17. 

7.1     - dental attendance 15/pack-years 10-
29 

Rationale as per iteration 17 

6.7     - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 

No lower MIs  

22.  Added new variables: tooth brushing 
15, tooth brushing 35, tooth brushing 
50 

 114.6 - tooth brushing 35/tooth brushing 50 Theoretically sound causal path 

23.  Added path: tooth brushing 35 → 
tooth brushing 50 

 58.6   - tooth brushing 15/tooth brushing 35 Theoretically sound causal path 

24.  Added path: tooth brushing 15 → 
tooth brushing 35 

 15.4   - education level/tooth brushing 15 No theoretical rationale (issues with 
temporal relationship in direction shown as 
education to degree level would occur after 
age 15/no causal rationale for reverse 
direction) 

9.2    - education level/dental attendance 15 Rationale as per iteration 17. 

8.1    - dental attendance 35/tooth brushing 
35 

Theoretically sound causal path 

25.  Added path: dental attendance 35 → 
tooth brushing 35 

 15.4  - education level/tooth brushing 15 Rationale as per iteration 24 

9.2    - education level/dental attendance 15 Rationale as per iteration 17 

8.2    - dental attendance 15/tooth brushing 
15 

Theoretically sound causal path 

26.  Added path: dental attendance 15 → 
tooth brushing 15 

 11.4  - education level/tooth brushing 15 Rationale as per iteration 24 

9.2    - education level/dental attendance 15 Rationale as per iteration 17 
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7.3    - dental attendance 50/tooth brushing 
50 

Theoretically sound causal path 

27.  Added path: dental attendance 50 → 
tooth brushing 50 

 11.3  - education level/tooth brushing 15 Rationale as per iteration 24 

9.1    - education level/dental attendance 15 Rationale as per iteration 17 

7.0    - dental attendance 15/pack-years 10-
29 

Rationale as per iteration 17 

6.7    - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 

No lower MIs  

28.  Added new variable: standardised 
birth weight 

 As for iteration 27 Variable removed from model as no 
associated MIs 

29.  Added new variable: sex  16.8  - sex/dental attendance 15 Theoretically sound causal path 

30.  Added path: sex → dental 
attendance 15 

 14.7  - education level/dental attendance 15 Rationale as per iteration 17 

11.4  - education level/tooth brushing 15 Rationale as per iteration 24 

7.9    - sex/dental anxiety (early adulthood) Theoretically sound causal path 

31.  Added path: sex → dental anxiety 
(early adulthood) 

 14.7  - education level/dental attendance 15 Rationale as per iteration 17 

11.4  - education level/tooth brushing 15 Rationale as per iteration 24 

6.8    - sex/pack-years 10-29 Theoretically sound causal path 

32.  Added path: sex → pack-years 10-29  14.7  - education level/dental attendance 15 Rationale as per iteration 17 

11.4  - education level/tooth brushing 15 Rationale as per iteration 24 

6.7    - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 

5.7    - sex/dental attendance 35 Theoretically sound causal path 

33.   14.7  - education level/dental attendance 15 Rationale as per iteration 17 
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Added path: sex → dental 
attendance 35 

11.4  - education level/tooth brushing 15 Rationale as per iteration 24 

6.7    - dental attendance 50/dental anxiety 
(late adulthood) 

Rationale as per iteration 18 

No lower MIs   

34.  Added new variables: social class 
birth, social class 50 

 18.5  - social class birth/dental attendance 15 Theoretically sound causal path 

35.  Added new path: social class birth → 
dental attendance 15 

 11.4  - education level/tooth brushing 15 Rationale as per iteration 24 

9.1    - education level/dental attendance 15 Rationale as per iteration 17 

8.8    - social class birth/education level Theoretically sound causal path 

36.  Added path: social class birth → 
education level 

 14.4  - education level/tooth brushing 15 Rationale as per iteration 24 

7.7    - sex/education level Theoretically sound causal path 

37.  Added path: sex → education level  19.8  - education level/tooth brushing 15 Rationale as per iteration 24 

8.6    - education level/dental attendance 15 Rationale as per iteration 17 

6.7    - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 

6.6    - education level/social class 50 Theoretically sound causal path 

38.  Added path: education level → social 
class 50 

 19.6  - education level/tooth brushing 15 Rationale as per iteration 24 

8.6    - education level/dental attendance 15 Rationale as per iteration 17 

6.7    - dental attendance 50/dental anxiety  
(late adulthood) 

Tried in iteration 18 & non-significant 

6.3    - sex/social class birth No theoretical rationale 

No lower MIs  

39.  Added new variable: parental 
encouragement 

 32.3  - parental encouragement/dental 
attendance 15 

Theoretically sound causal path 
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40.  Added path: parental 
encouragement → dental 
attendance 15 

 19.8  - education level/tooth brushing 15 Rationale as per iteration 24 

13.5  - parental encouragement/tooth 
brushing 15 

Theoretically sound causal path 

41.  Added path: parental 
encouragement → tooth brushing 15 

Dental attendance 15 → 
tooth brushing 15 

  

42.  Removed dental attendance 15 → 
tooth brushing 15 

 19.8  - education level/tooth brushing 15 Rationale as per iteration 24 

9.0    - education level/dental attendance 15 Rationale as per iteration 17 

 6.8    - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 

6.3    - sex/social class birth Rationale as per iteration 38 

5 6    - social class birth/parental 
encouragement  

Theoretically sound causal path 

43.  Added path: social class birth → 
parental encouragement 

 19.7  - education level/tooth brushing 15 Rationale as per iteration 24 

9.0    - education level/dental attendance 15 Rationale as per iteration 17 

6.8    - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 

6.3   - sex/social class birth Rationale as per iteration 38 

5.2   - sex/tooth brushing 15 Theoretically sound causal path 

44.  Added path: sex → tooth brushing 15  20.0 - education level/tooth brushing 15 Rationale as per iteration 24 

8.8   - education level/dental attendance 15 Rationale as per iteration 17 

6.8   - dental attendance 50/dental anxiety 
(late adulthood) 

Tried in iteration 18 & non-significant 

6.3   - sex/social class birth Rationale as per iteration 38 

4.0   - pack-years 10-29/dental attendance 35 No theoretical rationale 

No lower MIs  



285 
 

45.  Added new variable: years married  As for iteration 44 Variable removed from model as no 
associated MIs  
 
No further variables to try in model so re-
tried dental attendance 50 → dental 
anxiety (late adulthood) path as only 
remaining theoretically sound MI 

46.  Added path: dental attendance 50 → 
dental anxiety (late adulthood) 

 20.0 - education level/tooth brushing 15 Rationale as per iteration 24 

8.8   - education level/dental attendance 15 Rationale as per iteration 17 

6.3   - sex/social class birth Rationale as per iteration 38 

5.0   - sex/dental anxiety (late adulthood) Theoretically sound causal path 

47.  Added path: sex → dental anxiety 
(late adulthood) 

Dental attendance 15 → 
dental anxiety (late 
adulthood) 

  

48.  Removed path: dental attendance 15 
→ dental anxiety (late adulthood) 

Education level → dental 
anxiety (late adulthood) 

  

49.  Removed path: education level → 
dental anxiety (late adulthood) 

 20.0 - education level/tooth brushing 15 Rationale as per iteration 24 

8.8   - education level/dental attendance 15 Rationale as per iteration 17 

6.3   - sex/social class birth Rationale as per iteration 38 

No lower MIs No further variables to try in model and no 
theoretically justifiable MIs so re-tried all 
predictor variables not included in model 

50.  Added variables: standardised birth 
weight, sugar consumption 50, illness 
limiting daily activity (age 50), years 
married 

 As for iteration 49 Variables removed from model as no 
associated MIs 
 
Next step was to remove variables with no 
route to outcome 



286 
 

51.  Removed variables: tooth brushing 
15, tooth brushing 35, tooth brushing 
50, social class 50 

  Next step was to estimate robust 
significance values for regression 
coefficients via bootstrapping 

52.  Bootstrapping (based upon 50,000 
samples) 

Dental attendance 50 → 
tooth count age 63 

  

53.  Removed path: dental attendance 50 
→ tooth count age 63 

Dental attendance 35 → 
tooth count age 63 

  

54.  Removed path: dental attendance 35 
→ tooth count age 63 

  MODEL COMPLETE 

Table 33: Step-by-step model iterations and rationale for the model building process used to produce a path model of the life course determinants of 
age 63 tooth retention. 
New paths were added based upon modification indices (MIs) and paths were continuously removed if their significance fell below 5% (p<0.05). 
MIs indicate the expected reduction in the model chi-square statistic should a new path be added to the model between two variables or should two 
variables be allowed to covary.  The type of path (covariance or regression) and the direction of regression paths were determined based on what was 
theoretically sound and justifiable.  MIs are only listed in this table (in order of greatest) until an MI suggests a theoretically justifiable path to be 
added to the model.  MIs below this are not listed for brevity.  Only MIs of four or above were generated, as the addition of paths or covariances 
associated with MIs below this threshold do not reduce model chi-square statistics by statistically significant amounts. 
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Appendix M: Comparison of characteristics between 198 individuals with 

complete data (for all variables included in the path model building process) 

and 47 individuals with missing data 

Variable n=198 n=47 
 

p-value 

 Mean (SD)  

Standardised Birth Weight -0.07 (1.08) -0.37 (0.90) 0.075 

 Median (IQR)  

Years Married 38 (34-41) 38 (35-42) 0.339 

Pack-years 10-29 0 (0-5) 1.2 (0-10.5) 0.117 

Pack-years 30-62 0 (0-4.5) 0 (0-8.4) 0.201 

Dental Anxiety (early adulthood) 7 (5-9) 7 (4.25-10) 0.853 

Dental Anxiety (late adulthood) 9 (7-12) 10 (6.5-13) 0.722 

Tooth Count Age 63 25 (22-27) 25 (19-26) 0.084 

 %  

Sex  
    Ref = Male 
    Female 

 
40.9 
59.1 

 
44.7 
55.3 

 
0.637 

Parental Encouragement 
   Ref = Little/None 
   Strong/mod 

 
36.4 
63.6 

 
50.0 
50.0 

 
0.088 

Education Level 
   Ref = Below A-levels 
   A-levels or above    

 
58.6 
41.4 

 
72.5 
27.5 

 
0.100 

Social Class Birth  
   Ref = Partly skilled/unskilled 
   Skilled/managerial & technical/professional 

 
16.7 
83.3 

 
27.9 
72.1 

 
0.086 

Social Class 50 
   Ref = Partly skilled/unskilled 
   Skilled/managerial & technical/professional 

 
8.6 

91.4 

 
18.6 
81.4 

 
0.051 

Illness Limiting Daily Activity (age 50) 
   Ref = No 
   Yes 

 
87.4 
12.6 

 
90.9 

9.1 

 
0.514 

Sugar Consumption 50 
   Ref = Quantile 1 
   Quantile 2 

 
48.0 
52.0 

 
45.5 
54.6 

 
0.762 

Dental Attendance 15 
   Ref = Less than once per year 
   At least once per year  

 
41.9 
58.1 

 
51.3 
48.7 

 
0.281 

Dental Attendance 35 
   Ref = Less than once every 2 years  
   At least once every 2 years     

 
13.6 
86.4 

 
18.4 
81.6 

 
0.442 

Dental Attendance 50 
   Ref = Less than once every 2 years  

 
10.1 

 
14.6 

 
0.396 
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Variable n=198 n=47 
 

p-value 

   At least once every 2 years     89.9 85.4 

Tooth Brushing 15 
   Ref = Once daily or less  
   Twice daily or more    

 
55.6 
44.4 

 
62.2 
37.8 

 
0.457 

Tooth Brushing 35 
   Ref = Once daily or less  
   Twice daily or more    

 
31.8 
68.2 

 
38.9 
61.1 

 
0.406 

Tooth Brushing 50 
   Ref = Once daily or less  
   Twice daily or more    

 
26.8 
73.2 

 
37.1 
62.9 

 
0.209 

Table 34: Comparison of characteristics between 198 individuals with complete data (for all 
variables included in the path model building process) and 47 individuals with missing data.   
Means, standard deviations and t-tests are presented for normally distributed continuous 
variables.  Medians, interquartile ranges and Mann-Whitney U tests are presented for non-
normally distributed continuous variables.  Proportions and chi-squared tests are presented 
for categorical variables. 
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Appendix N: Comparison of characteristics between the NTFS sample eligible 
for path analysis (n=245) and the UK population of a similar generation. 

Topic Measurement in NTFS 
sample (n=245) 

Value Best available UK comparator Value 

Tooth retention Mean number of retained 
teeth at age 63 (in 2010) 

23.5 Mean number of retained teeth in 
dentate 55-64 year olds in 2009 UK 
ADHS (Fuller et al. 2011) 

23.2 

Sex Proportion of females 58% Proportion of females in UK’s 63 year-
old population in 2008 (ONS) 

51% 

Smoking Proportion reporting current 
smoking at age 50 (in 1998) 

16% Proportion of UK adults aged 50-59 
reporting current smoking in 1998 (The 
Health & Social Care Information Centre 
2009) 

27% 

Dental anxiety Mean total MDAS score at 
age 69 (in 2016) 

10.0 Mean total MDAS score at age 65-74 in 
2009 UK ADHS (Nuttall et al. 2011a) 

9.2 

Tooth brushing Proportion reporting twice 
daily tooth brushing at age 
50 (in 1998) 

72% Proportion of dentate 45-54 year olds 
reporting twice daily tooth brushing in 
the 1998 ADHS (Kelly et al. 2000) 

71% 

Dental attendance Proportion reporting 
‘regular’ attendance for 
dental check-ups at age 50 
(in 1998) 

73% Proportion of dentate adults aged 45-54 
reporting ‘regular’ attendance for 
dental check-ups in 1998 UK ADHS 
(Kelly et al. 2000) 

64% 

 
Table 35: Comparing characteristics of the NTFS sample eligible for path analysis (n=245) 
with national UK data from a similar generation. 
Note: Best available comparisons are presented, so the year and age groups associated with 
UK comparisons may differ slightly from that of the NTFS sample (born in 1947); comparisons 
for socio-economic characteristics (such as social class and educational attainment) were not 
possible due to the incomparability of available data; the NTFS sample included only dentate 
participants, hence the use of dentate groups in UK comparisons of tooth retention, tooth 
brushing and dental attendance; the 2009 UK Adult Dental Health Survey (ADHS) excluded 
Scotland.  
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Appendix O: Table of unstandardised and standardised regression coefficients 

for all regression paths in the final path model of the life course determinants 

of age 63 tooth retention (n=198). 

Regression path 
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95
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I  
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95
%

 C
I  
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Tooth count age 63 

Education Level  
   Below A-levels (ref) 
   A-levels or above    

1.658 (0.463, 2.896) 0.172 (0.050, 0.293) 0.006 

Pack-years 30-62 -0.072 (-0.141, -0.010) -0.143 (-0.270, -0.020) 0.023 

Dental Anxiety (late adulthood) -0.325 (-0.517, -0.154) -0.305 (-0.441, -0.156) <0.001 

Pack-years 30-62 

Education level 
   Below A-levels (ref) 
   A-levels or above    

-2.241 (-3.891, -0.598) -0.116 (-0.194, -0.032) 0.008 

Pack-years 10-29 1.432 (1.165, 1.695) 0.746 (0.646, 0.835) <0.001 

Dental attendance 50 
   Less than once every 2 years (ref) 
   At least once every 2 years     

Dental attendance 35  
   Less than once every 2 years (ref) 
   At least once every 2 years     

0.441 (0.246, 0.636) 0.500 (0.301, 0.676) <0.001 

Dental anxiety (late adulthood) 

Dental attendance 50 
   Less than once every 2 years (ref) 
   At least once every 2 years     

-2.971 (-4.891, -1.070) -0.199 (-0.325, -0.070) 0.003 

Sex  
    Male (ref) 
    Female 

1.953 (0.905, 2.986) 0.214 (0.101, 0.320) <0.001 

Dental anxiety (early adulthood) 0.716 (0.535, 0.898) 0.488 (0.368, 0.599) <0.001 

Dental attendance 35  
   Less than once every 2 years (ref) 
   At least once every 2 years     

Dental attendance 15 
   Less than once per year (ref) 
   At least once per year     

0.113 (0.002, 0.226) 0.159 (0.003, 0.308) 0.046 

Sex  
    Male (ref) 
    Female 

0.130 (0.024, 0.238) 0.187 (0.037, 0.329) 0.016 

Dental anxiety (early adulthood) -0.022 (-0.039, -0.005) -0.196 (-0.341, -0.046) 0.011 
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Regression path 

U
ns

ta
nd

ar
di

se
d 

be
ta

 

95
%

 C
I  

St
an

da
rd

ise
d 

be
ta

 

95
%

 C
I  

p-
va

lu
e 

Education level 
   Below A-levels (ref) 
   A-levels or above    

     

Sex  
    Male (ref) 
    Female 

-0.200 (-0.337, -0.063) -0.198 (-0.330, -0.063) 0.005 

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

0.326 (0.161, 0.479) 0.245 (0.119, 0.358) <0.001 

Pack-years 10-29 

Sex  
    Male (ref) 
    Female 

-1.879 (-3.403, -0.442) -0.185 (-0.313, -0.047) 0.010 

Dental anxiety (early adulthood)  

Dental attendance 15 
   Less than once per year (ref) 
   At least once per year     

-1.737 (-2.521, -0.949) -0.275 (-0.393, -0.153) <0.001 

Sex  
    Male (ref) 
    Female 

1.329 (0.560, 2.098) 0.213 (0.092, 0.330) 0.001 

Dental attendance 15 
   Less than once per year (ref) 
   At least once per year     

Sex  
    Male (ref) 
    Female 

0.201 (0.068, 0.334) 0.204 (0.068, 0.341) 0.003 

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

0.284 (0.122, 0.443) 0.219 (0.092, 0.344) 0.001 

Parental encouragement 
   Little/none (ref) 
   Strong/moderate    

0.340 (0.203, 0.476) 0.338 (0.201, 0.472) <0.001 

Parental encouragement 
   Little/none (ref) 
   Strong/moderate   

Social class birth  
   Partly skilled/unskilled (ref) 
   Skilled/managerial & technical/professional 

0.218 (0.030, 0.402) 0.169 (0.023, 0.310) 0.022 

Table 36: Unstandardised and standardised regression coefficients for all regression paths in 
the final path model of the life course determinants of age 63 tooth retention (n=198).
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Appendix P: Relation between the influences of OHBs identified in the qualitative study, the fourteen domains of the 

Theoretical Domains Framework (TDF) and the components of the COM-B model. 

COM-B component TDF domain  
(definition) 

TDF domain constructs Examples in present study 

Capability Psychological Knowledge 
 
(An awareness of the existence of something) 
 

Knowledge (including 
knowledge of condition 
/scientific rationale) 
Procedural knowledge 
Knowledge of task 
environment 

• Knowledge of ideal/recommended OHBs, e.g. knowledge 
of recommended oral hygiene regimes. 

• Knowledge of effects of OHBs, e.g. effects of sugar on 
teeth. 

Memory, attention and decision processes 
 
(The ability to retain information, focus selectively 
on aspects of the environment and choose between 
two or more alternatives) 

Memory 
Attention 
Attention control 
Decision making 
Cognitive overload / 
tiredness 

• Limited 

Behavioural Regulation 
 
(Anything aimed at managing or changing 
objectively observed or measured actions) 

Self-monitoring 
Breaking habit 
Action planning 

• Relatively limited 
• Ability to break long-term habits, e.g. smoking habits 

Psychological 
and physical 

Skills 
 
(An ability or proficiency acquired through practice) 

Skills 
Skills development 
Competence 
Ability 
Interpersonal skills 
Practice 
Skill assessment 

• Relatively limited 
• Ability to manage dental anxiety 
• Physical skills related to oral hygiene techniques (often 

taught by dentists) 
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Opportunity Social Social Influences 
 
(Those interpersonal processes that can cause 
individuals to change their thoughts, feelings, or 
behaviours) 
 

Social pressure 
Social norms 
Group conformity 
Social comparisons 
Group norms 
Social support 
Power 
Intergroup conflict 
Alienation 
Group identity 
Modelling 

• Influence of dental professionals, peers and family 
members, e.g. control, guidance and role modelling of 
OHBs/conformance to behavioural norms. 

• Importance of chairside manner of dentists in shaping 
dental anxiety and effectiveness of oral health education 
advice 

• Role modelling positive OHBs to children 

Physical Environmental context and resources 
 
(Any circumstance of a person's situation or 
environment that discourages or encourages the 
development of skills and abilities, independence, 
social competence, and adaptive behaviour) 

Environmental stressors 
Resources / material 
resources 
Organisational culture 
/climate 
Salient events / critical 
incidents 
Person x environment 
interaction 
Barriers and facilitators 

• Influence of school environment, career profession, 
media and marketing sources, financial concerns, dental 
technology and techniques, time constraints and 
competing distractions on OHBs. 
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Motivation Reflective Beliefs about capabilities 
 
(Acceptance of the truth, reality, or validity about an 
ability, talent, or facility that a person can put to 
constructive use) 

Self-confidence 
Perceived competence 
Self-efficacy 
Perceived behavioural 
control 
Beliefs 
Self-esteem 
Empowerment 
Professional confidence 

• Self-efficacy beliefs influenced behaviours, e.g. beliefs 
about one’s capability to give up smoking.  

• Beliefs about one’s level of control over their own oral 
health (locus of control beliefs). 

Beliefs about consequences 
 
(Acceptance of the truth, reality, or validity about 
outcomes of a behaviour in a given situation) 

Beliefs 
Outcome expectancies 
Characteristics of outcome 
expectancies 
Anticipated regret 
Consequents 

• Awareness of positive and negative consequences of 
OHBs was key driver of behaviours. 

• Beliefs were often related to own or others’ past 
experiences of oral or general health, or advice from 
parents/dental professionals/media. 

• Denial and self-deception about oral health consequences 
negatively impacted behaviour. 

Intentions 
 
(A conscious decision to perform a behaviour or a 
resolve to act in a certain way) 
 

Stability of intentions 
Stages of change model 
Transtheoretical model and 
stages of change 

• Intentions to perform behaviours clearly drove 
behaviours, e.g. intentions to attend the dentist regularly 
or to stop smoking. 

Goals 
 
(Mental representations of outcomes or end states 
that an individual wants to achieve) 
 

Goals (distal / proximal) 
Goal priority 
Goal / target setting 
Goals (autonomous / 
controlled) 
Action planning 
Implementation intention 

• Motivation for improving behaviours was often related to 
certain goals, e.g. preventing the loss of further teeth or 
future pain, improving general health and fitness, making 
financial savings. 
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Automatic Reinforcement 
 
(Increasing the probability of a response by 
arranging a dependent relationship, or contingency, 
between the response and a given stimulus) 

Rewards 
Incentives 
Punishment 
Consequents 
Reinforcement 
Contingencies 
Sanctions 

• Motivation was often reinforced by experiences of oral or 
general health problems (related to self or others) and 
support and guidance from others (e.g. family members or 
dental professionals). 

Emotion 
 
(A complex reaction pattern, involving experiential, 
behavioural, and physiological elements, by which 
the individual attempts to deal with a personally 
significant matter or event) 
 

Fear 
Anxiety 
Affect 
Stress 
Depression 
Positive / negative affect 
Burn-out 

• Dental anxiety as barrier to dental attendance or dental 
treatment. 

• Emotional impacts of oral health problems as drivers of 
behaviour, e.g. related to pain, confidence, social impacts. 

• Experience of enjoyment associated with smoking and 
sugar consumption. 

Reflective 
and 
automatic 

Social/professional role and identity 
 
(A coherent set of behaviours and displayed personal 
qualities of an individual in a social or work setting) 

Professional identity 
Professional role 
Social identity 
Identity 
Professional boundaries 
Professional confidence 
Group identity 
Leadership 
Organisational commitment 

• Responsibility of parenthood positively influenced OHBs. 
• Conformance to peer behavioural norms, e.g. relating to 

smoking initiation. 
• Concerns about social acceptability of oral health to 

spouses and peers. 

Optimism 
 
(The confidence that things will happen for the best 
or that desired goals will be attained) 

Optimism 
Pessimism 
Unrealistic optimism 
Identity 

• Limited 

Table 37: Relation between the influences of OHBs identified in the present study and the fourteen domains of the Theoretical Domains Framework 
(TDF) and the components of the COM-B model. 
The TDF domains, definitions and constructs and their relationships to the components of the COM-B model (columns 1, 2, and 3) have been 
reproduced from (Cane et al. 2012). 
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