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Abstract 

 
Background 

There is a growing public health need to identify key strategies that will improve the 

health of our older adult population. An older person’s diet is a major determinant for 

successful ageing which is influenced by a wide range of age-related factors.  With 

regards to oral health related factors, research shows that replacing missing teeth 

alone is not enough to engender dietary behaviour change among older people, 

highlighting the need for dietary intervention. One approach proven to change food 

behaviours in the long-term and is novel to this population is that of habit-formation. 

Aim  

The aim of this research is to develop and test a habit-based tailored dietary 

intervention, in conjunction with oral rehabilitation, and to examine its impact on 

positive dietary habit-formation amongst partially dentate older adults. 

Method 

This PhD involved (a) a systematic review to identify existing intervention studies 

where oral rehabilitation was coupled with a purposeful dietary intervention amongst 

adults (n=9); (b) the  development of a habits-based dietary intervention (DENHAB) 

using desk-based research and a qualitative study (n=21); (c) a feasibility study (n=9) 

of the DENHAB intervention (face-to-face) amongst older people delivered at 

fortnightly intervals (6 week follow-up); (d) a randomised control trial (n=57) to 

evaluate the DENHAB intervention (face-to-face) in combination with oral 

rehabilitation amongst older people (8 month follow-up); (e)  qualitative Patient Public 

Involvement (PPI) work (n=5) among health professionals to advise on 

implementation of the DENHAB intervention into clinical care.  

  

Results 

Findings of the systematic review (Chapter 2) identified improvements in at least 

one aspect of participants' oral health alongside at least one positive diet/nutrition 

outcome post-intervention for all studies. Fruit and vegetable results were pooled for 

three studies using meta-analysis techniques resulting in a standardized mean 

difference of 0.29 [CI -0.54, 1.12], p = 0.49, but with marked heterogeneity. Few 

interventions were theory-based and intervention components were poorly 

described. Overall, the systematic review indicated support for dietary intervention 
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coupled with oral rehabilitation on diet. Meta-analysis was only possible with three 

studies highlighting limitations and the need for large-scale, appropriately described 

trial methodologies. This work identified the need for further studies to develop and 

test dietary interventions combined with oral rehabilitation which lay out a basis for 

the remaining chapters of this PhD. The DENHAB intervention was designed and 

developed (Chapter 3) in accordance with the Medical Research Council framework 

for developing complex interventions (Craig et al., 2013). It was informed by an 

initial habit-based dietary intervention for parents and adapted to an older adult 

population using desk-based research (McGowan et al., 2013). Qualitative research 

(n=21) was then conducted with the target audience to further develop the DENHAB 

intervention. This evaluation demonstrated that the DENHAB resources were overall 

well received by participants but informed on changes required before the next 

phase of the study which were mainly based around formatting, clarity and updates 

to the habit examples. Following these iterative changes, a feasibility study (n=9) 

(Chapter 4) was conducted which demonstrated that the intervention was both 

acceptable and feasible. It also identified the need for further refinement to 

screening and recruitment strategies, study measures, intervention delivery and 

study materials. A randomised control trial (Chapter 5) on 57 participants (n=8 

dropouts) was then conducted which demonstrated significant differences in the 

primary outcome measure of habit-forming automaticity for healthy food choices. 

Whilst a mixture of statistical significance was observed across secondary 

outcomes, the study illustrated the need for larger trial research in order to 

investigate key research gaps identified during the course of the study. Qualitative 

work on health professionals (n=5) advising on implementation of the DENHAB 

intervention identified the need for future exploratory work to investigate its 

feasibility particularly regarding best primary care environment and personnel for 

delivery.  

 

Conclusion  

The research presented in this thesis has provided a key contribution for the 

evidence base of a dietary intervention grounded in habit theory, eating behaviour 

maintenance for older people and the use of a dental setting to provide dietary 

advice.  
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CHAPTER 1: LITERATURE REVIEW 

 

1.1 Diet and Ageing  

 

1.1.1 The Ageing Population 

 

There is an apparent need for investing in health in later life as we experience a growth 

in the older adult population more so than any other age group (World Health 

Organisation, 2015). By 2050, people aged 60+ will make up 2.1 billion (21.3%) of the 

global population, a 9% increase from 2015 (Office for National Statistics, 2018).  This 

continuing exponential growth in ageing is not just a Westernized matter as Figure 

1.1 demonstrates a rise in projection trends across every worldwide region (United 

Nations, 2017).  

 

Figure 1.1: Percentage of Population Aged 60 Years or Over by Region, From 1980 

to 2050 (United Nations, 2017) 

In the UK specifically, it is estimated that by 2050, 1 in 4 of the population will be over 

the age of 65 (Cracknell, 2010). However unfortunately the success of this 

demographic change also brings significant public health challenges. Long term 

chronic diseases are more prevalent with increased age as they affect 58% of people 
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over 60, in comparison to only 14% aged under 40 (Department of Health, 2012). As 

ageing is accompanied by a greater risk to ill health and chronic disease (Kennedy et 

al., 2014; Pawelec, Goldeck and Derhovanessian, 2014; Bousquet et al., 2015), there 

is a rapid increase of health and social care service use in older adult life (Licchetta 

and Stelmach, 2016). Due to these developments, the needs for healthcare services 

are changing as longer lifespans therefore impose a considerable burden in 

expenditure costs to an already overstretched UK health care system (NHS 

Confederation, 2017). The World Health Organisation (WHO) suggests that current 

public health responses are not enough (World Health Organisation, 2015) and 

consequently, where possible, health professionals and policy makers have a 

responsibility to invest considerably in this area in a bid to meet future demands and 

relieve some of the profound effects that the ageing population has on health care 

systems such as the National Health Service (NHS).  

 

1.1.2 Healthy Ageing  

 

 In framing a public health response to population ageing, there is a strong focus to 

age more healthily in order to postpone or reduce the undesired effects of ageing. 

Healthy ageing is defined as ‘the process of developing and maintaining functional 

ability that enables wellbeing in older age’ (World Health Organisation, 2015). Ageing 

healthily is an important opportunity to increase longevity and optimize good health. 

Action on healthy ageing is urgently required as an approach to support and meet the 

needs of our ageing population. In order to maximize the benefits of healthy ageing, 

it is important to know and target the domains which the healthy ageing concept 

encompasses. However the ageing process is intrinsically complex as these health 

complexities can be influenced by a wide variety of fixed and modifiable factors 

(Collamati et al., 2015; Jentsch et al., 2017). Whilst it is not yet possible to influence 

fixed or non-controllable risk factors, such as genetics, family background, gender or 

ethnicity, there is compelling evidence for the health benefits of modifying controllable 

risk factors even late in life (Ruse and Parker, 2001; Dunlop et al., 2002; Seeman and 

Chen, 2002; Adams et al., 2019). Modifiable health risk factors or lifestyle factors are 

said to rank among the most common risk factors that lead to death in the UK and 

other developed countries (World Health Organisation, 2009).  Adoption of healthier 

lifestyle factors are strongly associated with both lower morbidity and mortality rates 

demonstrating that healthier ageing is achievable through lifestyle modification (Yusuf et 

al., 2004; Ford et al., 2009; Mozaffarian et al., 2009). For example emerging research 
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reveals that improvement of lifestyle choices such as diet and nutrition could 

potentially prevent one in every five deaths globally (Afshin et al., 2019).  

 

1.1.3 The Importance of Nutrition in Ageing 

 

Nutrition is a key lifestyle factor and a major determinant for successful ageing. It is 

the process of obtaining adequate food intake to support the body´s dietary needs as 

it provides the essential building blocks for growth, development, and maintenance 

for health throughout the life course (British Nutrition Foundation, 2018a). Healthy 

nutrition is a form of diet which provides the body with the essential sources of food 

nutrients to maintain and improve the function of the body as well as reducing the risk 

of chronic diseases (Bruins et al., 2019). However, in later life particularly, the 

constraints of achieving healthy nutrition or optimal nutrition can be a challenge as 

age-related changes within the body occur. For example ageing changes body 

composition including a decrease in lean muscle tissue and bone mass and an 

increase in fat tissue, causing a fall in basal metabolic rate (BMR) which can alter 

energy requirements (van Asselt and de Groot, 2017). In fact it has been reported that 

energy intake typically drops by 25% from the age of 40 to 70 years (Nieuwenhuizen 

et al., 2010). Many people often become less physically active as they get older which 

will also contribute to a reduction in overall energy requirements (Milanović et al., 

2013). Older age can also affect the body’s ability to digest, absorb, metabolise and 

excrete essential nutrients as well (Russell, 2001; Amarya, Singh and Sabharwal, 

2015). Moreover, nutritional requirements often change with older age as previous 

optimal dietary intakes may no longer suffice. Consequently, there has been growing 

attention to tailored dietary advice for older people among certain countries to aid 

adequate nutrition that may safeguard or promote health in older age (Lichtenstein et 

al., 2008; Brownie, 2013; Scientific Advisory Committee on Nutrition, 2016). This 

advice typically includes recommendations to increase intakes of a range of vitamins 

and minerals, decrease energy requirements and consumption of adequate fluids 

(British Nutrition Foundation, 2018b; United States Department of Agriculture, 2018). 

However in spite of this, not all nutritional requirements for older adults are well 

defined, even though the process of ageing clearly can affect all kinds of nutritional  

needs (World Health Organisation, 2014a). Despite these efforts, older people are still 

particularly susceptible to inadequate nutrition recommendations, leaving them open 

and more vulnerable to the detrimental effects that this can impose on their health.   
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1.1.4 Health Consequences of Under and Over Nutrition in Older Adults 

Failure to meet nutritional requirements in later life can have major malnutrition-

related health consequences when both under and over nourished. Malnutrition is 

defined as “a state of nutrition in which a deficiency, excess or imbalance of energy, 

protein and other nutrients cause adverse effects on body form, function and clinical 

outcome” (Ray, Laur and Golubic, 2014). Whilst considered to be largely 

underestimated, it is suggested that 1.3 million people over 65 in the UK suffer from 

malnutrition (Bapen, 2018) and that treating someone who is malnourished is 2-3 

times more costly than for someone who is not (Elia, 2015). For example it has been 

estimated that malnutrition results in a greater use of healthcare including 65% more 

GP visits, 82% more hospital admissions and 30% longer hospital stay (Public Health 

England, 2017). In fact, the impact of malnutrition on the elderly is extensive as it is 

said to account for a reported £13 billion of the UK’s annual health and social care 

costs (Elia, 2015). Malnutrition in older age increases the risk of morbidity and 

mortality as it essentially impacts on every system of the body (Sullivan et al., 1990; 

Liu et al., 2002; Söderström et al., 2017).  

Undernutrition can reduce muscle and bone density further, decreasing mobility and 

increasing one’s risk of becoming frail, which can lead to falls and fractures (Curtis et 

al., 2015; Siddique et al., 2017). It reduces the ability to fight infections, regulate body 

temperature and slows wound healing (Katona and Katona‐Apte, 2008; Stechmiller, 

2010; Morley, 2012). It also is associated with lack of energy and diminished cognitive 

function (Morley, 2012; Malara et al., 2014; Hai et al., 2017). It is important to 

recognise that malnutrition is not limited to those who are underweight alone as whilst 

undernutrition may be considered a more obvious health risk to people over 65, the 

effects of over nutrition in this population group still need to be considered.  

Conversely, trends also suggest a rise in overweight and obesity across all age 

groups globally including older adults  (Peralta et al., 2018) (Baker, 2018). In fact, it’s 

been reported within the UK, older adults have the highest mean waist circumference 

compared to any other age group (National Diet and Nutrition Survey, 2019). Obesity, 

which is considered as another form of malnutrition, is an excessive amount of nutrient 

consumption leading to abnormal or excessive fat accumulation that presents a 

serious risk to health (World Health Organisation, 2014b). UK health care costs 

attributed to overweight and obesity alone are estimated to reach up to £9.7 billion by 

2050, with wider costs to society projected to reach £49.9 billion per annum (Public 

Health England, 2017). The evidence for the detrimental health effects for people with 

overweight or obesity are well established (Wilson et al., 2002; De Pergola and 
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Silvestris, 2013; Alam et al., 2016), however this can be exacerbated even further in 

older age  (Gustafson et al., 2003).  

Malnutrition from being underweight is often more prevalent among older people living 

in institutions, whereas overweight and obesity are more prevalent among 

community-dwelling older adults, although of course this is on a case by case basis 

(Mathus-Vliegen et al., 2012; Kostka, Borowiak and Kostka, 2014) . However overall, 

whether under or over nourished, older adults are nutritionally vulnerable as the 

condition not only increases susceptibility to further ill health and death but 

compromises quality of life, reduces the ability to care for oneself, and increases 

dependency through hospitalisation or need for long term care (Rasheed and Woods, 

2013; Elia, 2015; Söderström et al., 2017).In order to combat sub-optimal nutritional 

status amongst this population approaches targeting the underlying causes that 

further influence diet and nutrition amongst this population group need to be 

considered.  

 

1.1.5 Factors Influencing Diet and Nutrition in Older Adults 

 

The elderly population are obviously an extremely diverse group, ranging from fit, 

healthy, disease free individuals to extremely frail, care dependent, chronic disease 

and disability burdened (Hickson, 2006). This broad degree of circumstances and 

needs make ‘norms’ for this group difficult to establish (Smith and Parnell, 2008). Such 

heterogeneity is why a multitude of wide spread risk factors can impose older people 

to an unhealthy nutritional status. Whilst this of course can occur at any life stage, 

there are particular factors that individuals are more susceptible or exposed to in later 

life. These complex changes that can prevent an older person from meeting their 

nutritional requirements and maintaining a healthy weight status include a range of 

overlapping medical, physical, psychological, economic, and social risk factors. An 

overview of these factors and their influence on reducing nutrition and weight status 

on older people will now be outlined in this thesis.  

 

1.1.5.1 Appetite  

 

Ageing is associated with a significant reduction in total energy intake as differences 

of up to 1,000-1,200 kcal in males, and by 600-800 kcal in females have been 

observed between 20 and 80 years olds (Wakimoto and Block, 2001). Appetite 
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regulation is a deeply complex and not fully understood process. Known as the 

anorexia of ageing, appetite reduction in later life is probably the overall major cause 

of malnutrition among the elderly as essentially it is what leads to sub‐optimal food 

intake. Although the exact mechanisms behind this reduction are still to be fully 

elucidated, it is understood that appetite and satiety are mediated by a wide variety of 

systems in the body, including the brain, digestive system, endocrine system and 

sensory nerves (Pilgrim et al., 2015). However, the ageing process often counteracts 

with many of these bodily systems. The underlying rationale for age-related appetite 

reduction will be explored within this section, alongside other factors that are 

commonly known to reduce nutritional status among the elderly.    

 

1.1.5.2 Medical and Physical Health Factors 

 

1.1.5.2.1 Medication  

 

Prescribed medicine use increases dramatically with age (Moody and Mindell, 2017). 

Medications can adversely impact nutritional status either through drug-nutrient 

interactions or through the side effects in which they commonly cause. Specifically 

medication use in the treatment of many prevalent conditions in older life can cause 

reduced appetite, taste and smell and cause nausea, diarrhoea, confusion and dry 

mouth (Jyrkkä et al., 2012).  These include metformin, penicillamine and cancer 

treatment drugs. Medication can also affect nutritional status by impeding the 

absorption, metabolism and excretion of nutrients (Chan, 2013). In turn, side effects 

from certain drug use such as steroids or some antidepressants cause weight gain 

from increased fluid retention or slowing the metabolism rate (Avena-Woods and 

Hilas, 2012; NHS, 2017b). Medication use may therefore play a significant role in 

overweight and obesity prevalence observed among older people as discussed in 

Section 1.1.4. Whilst it is largely unavoidable in many cases, medications for the 

elderly should be prescribed with caution, only when essential and regularly reviewed 

in order to combat their detrimental effect on nutrition.  
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1.1.5.2.2 Hormones  

 

Age- related changes in the concentrations and responsiveness to a number of the 

hormones involved in appetite control and satiating effects have been observed in the 

elderly (Serra-Prat et al., 2009). For example, cholecystokinin (CCK) an appetite 

suppressing hormone, has been observed in higher volumes and in increased 

sensitivity rates in older people compared to younger (Clarkston et al., 1997). This 

hormone also carries a role in slowing gastric emptying, leading to earlier satiety. 

Another peptide hormone known to have a stimulatory effect on hunger rather than 

other inhibitory hormones is ghrelin (Hickson, 2006). Although evidence is limited, it 

is thought that there may be a reduction in ghrelin secretion during ageing or during 

age-related illness (Neary et al., 2004). Additional decreases in growth and sex 

hormones associated with age can negatively impact appetite regulation too but also 

cause an accumulation of fat through leptin resistance. (Corpas, Harman and 

Blackman, 1993; Perry et al., 2000).  

 

1.1.5.2.3 Sensory Decline  

 

Impairments of the senses that occur with ageing can reduce appetite, the enjoyment 

of food and even the ability to prepare food (Pilgrim et al., 2015). Smell, vision and 

taste are all intrinsically linked and play a fundamental role in stimulating appetite. 

Loss of taste and smell are common in the elderly and can be exacerbated by disease 

states, disease treatment and drugs (Schiffman, 1997). As an alternative to appetite 

reduction and indicator for weight gain, there is a risk that diminished flavour in foods 

may be compensated for by high volumes of fat, salt and sugar. For example research 

shows that an older person posing some of the aforementioned risk factors for 

reduced taste and smell (including one or more medical conditions, and takes an 

average of three prescribed medications) needs up to 11 times as much salt and 

nearly three times as much sugar to detect food taste compared with younger 

individuals (Schiffman and Gatlin, 1993). Vision impairment can also have a wider 

debilitating effect on diet other than appetite alone. Loss of vision can pose many 

dietary obstacles such as shopping for food, preparing food, reading food labels and 

instructions and eating in restaurants (Bilyk et al., 2009).  
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1.1.5.2.4 Sarcopenia and Frailty 

 

Age-related body composition changes that result in a reduction of lean body muscle 

and increase in fat mass, can be observed from the age of 50+ as muscle mass starts 

to decrease by 1–2% annually (Buford et al., 2010). This age specific loss of skeletal 

muscle mass, that results in reduced strength and function, is defined as sarcopenia 

(Lardiés-Sánchez and Sanz-París, 2017). Sarcopenia is a prominent cause of frailty, 

physical disability and impaired functional ability in older adults (Roubenoff, 2000). 

Such conditions can make an older person have increased susceptibility to falls, 

fractures and loss of independence.  The detrimental impact of a poor nutritional 

status on frailty is well established (Lorenzo-López et al., 2017; Bloom et al., 2018). 

However, frailty can actually in turn adversely impact nutritional status through a 

number of different mechanisms and in fact cause what is termed as ‘nutritional frailty’ 

(Ritchie and Bales, 2004). For example, evidence has shown that it can decrease 

resting metabolic rate and thus reduce total energy expenditure (Rockwood and 

Mitnitski, 2011). Fear of falls and aches and pains can cause avoidance of physical 

activity which can also lessen appetite desires as overall energy expenditure is 

lowered (Stubbs et al., 2014; Kakihana et al., 2017). Alternatively, if the same eating 

patterns are maintained, a decrease in physical activity over time and the lower basal 

metabolic rates associated for some in ageing can alter the balance of energy 

expenditure and give rise to fat accumulation (Han, Tajar and Lean, 2011).  

 

1.1.5.2.5 Dysphagia  

 

Dysphagia can be classified as any disruption to the swallowing process. It is 

estimated to effect up to 13% of UK adults aged over 65 and exacerbated by chronic 

conditions caused in later life including stroke, Parkinson’s disease, and dementia 

(World Gastroenterology Organisation, 2014). Due to a hindered swallow, dysphagia 

can result in reduced or altered intake of food/liquid which, in turn, can contribute to 

both malnutrition and dehydration. Modifying the consistency of solid food and/or 

liquid is a common compensatory technique for dysphagia patients (Sura et al., 2012). 

However it is appears to result in low acceptability and poor adherence. This can 

contribute to reduced total energy intakes and lower BMI among patients (Mann, 

Heuberger and Wong, 2013; Poisson et al., 2016). Dysphagia can also reduce overall 

quality of life as fears of choking and embarrassment when socially eating are 

common (Sura et al., 2012).  
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1.1.5.2.6 Oral Health  

 

There is an established association between poor oral health and reduced nutritional 

status (Marcenes et al., 2003; Toniazzo et al., 2018). The decline in oral health is a 

dynamic relationship that occurs over time to often form changed eating behaviours. 

It is suggested that this occurs as a result of reduced chewing performance from 

prevailing tooth loss which causes dietary restrictions through limiting food choice 

(Sheiham et al., 1999). Older adults who have difficulties chewing are more likely to 

have an impaired appetite but are also more likely to avoid healthier food groups and 

many recommended foods as they often require substantial chewing prior to 

swallowing (Smith and Parnell, 2008). Research suggests that instead these foods 

are typically being replaced  with softer, easier to chew foods, which are often lacking 

in nutrients (Olivier et al., 1995; Moynihan et al., 2007). This parallel relationship 

between diet and oral health will be discussed further in Section 1.2. 

 

1.1.5.2.7 Chronic Conditions  

 

A chronic condition is said to be a condition that lasts more than a year and can cause 

functional restrictions and often requires continued monitoring or treatment (Basu, 

Avila and Ricciardi, 2016). Interestingly, obesity or ‘over-nourishment’  is typically 

recognised to be the prevailing nutritional state for greater risk of such conditions 

(Prospective Studies Collaboration et al., 2009; Samper-Ternent and Al Snih, 2012). 

Yet once faced with chronic disease, a roundabout risk of nutritional status impairment 

is commonly observed. Often it is a multifactorial approach that leaves older patients 

with a diminished appetite, functional ability and significant weight loss including the 

process of coming to terms with the chronic diagnosis itself, its treatments, symptoms 

and its further prognosis. Many chronic diseases prevalent among the older aged fall 

under this category including cardiac failure, cancer, dementia, Parkinson’s disease 

and arthritis.  

As touched upon already, emotional dimensions and dealing with the grieve of a 

chronic condition diagnosis can cause depressive symptoms and alter normal eating 

behaviours (Yarbro, Frogge and Goodman, 1999; Turner and Kelly, 2000).  Treatment 

too can have a crippling effect on appetite such as cancer treatments. This includes 

chemotherapy which can cause mouth problems, nausea, diarrhoea and constipation 

or radiotherapy which can cause severe tiredness and other prominent dietary issues 

which are dependent on body location (Davis et al., 2004; American Cancer Society, 
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2016; NHS, 2017a). Symptoms associated with Parkinson’s disease such as tremors, 

rigidity and bradykinesia (slowed movement) can impair dexterity to purchase, 

prepare and eat food (Bachmann and Trenkwalder, 2006; Barichella, Cereda and 

Pezzoli, 2009; Sheard et al., 2011). Chronic pain, a symptom prevalent for older 

people with arthritis can also significantly worsen appetite, although the mechanisms 

behind this are not as well explored (Bosley et al., 2004; Patel et al., 2013). The 

process of cognitive decline that can progress to dementia can greatly influence 

feeding behaviour from its early to later stages of prognosis (Kai et al., 2015). 

Consequently, weight loss and malnutrition are a recognised characteristic of the 

progressive dementing process (Albanese et al., 2013; Roque, Salva and Vellas, 

2013). In the early stages, difficulties shopping, storing food appropriately, skipping 

meals and changes in food preferences are observed (Sandilyan, 2011; Volkert et al., 

2015). As dementia progresses meals are often interrupted due to poor concentration 

levels and in its advanced stages dietary consequences can include failure to even 

recognise food, refusal to eat and inability to safely swallow (Lee and Kolasa, 2011).  

 

1.1.5.3 Mental and Psychological Factors  

 

Mood and psychological state are important factors that impact eating behaviours 

differently depending on the individual. A reduced state of mind is commonly observed 

among the elderly as collectively the ageing stage can trigger depressive symptoms 

to many. In fact depression is said to effect up to one in five older people living in the 

community and two in five living in residential homes (Mental Health Foundation, 

2016). Some of the underlying causes associated with age-related depression include 

increased levels of anxiety, loneliness, bereavement, chronic illness and cognitive 

decline (Singh and Misra, 2009; Rodda, Walker and Carter, 2011; Hashim et al., 

2013). Too often there is a lack of motivation and energy and a reported loss of 

interest in life (Fávaro-moreira et al., 2016). These everyday emotions have a 

fundamental role on our eating behaviours. For some this can cause a diminished 

pleasure associated with food, thereby  supressing appetite, but for others comfort 

can be sought from food which can contribute to overeating beyond dietary 

requirements (Kim et al., 2014; Ahmadi et al., 2015; Potter, McQuoid and Steffens, 

2015).  

1.1.5.4 Social Factors 

 

Psychological and social factors or psychosocial factors are sometimes intrinsically 

linked and can often be bidirectional in the way that they influence food intake in the 
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elderly. Changes in social circumstances can often give rise to negative psychological 

states, and vice versa. These changes include social isolation, deterioration of social 

networks and loneliness (Vesnaver and Keller, 2011; Boulos, Salameh and 

Barberger-Gateau, 2017). For example, living situation is a key social factor that has 

been shown to contribute to the development of malnutrition as institutionalization of 

older adults appears to diminish appetite more so than older adults within the 

community (Mamhidir AG, Ljunggren G, Kihlgren M, Kihlgren A, 2006; Donini et al., 

2013). Additionally living within the community alone is considered high risk as eating 

alone is less pleasurable, reduces diet quality and results in fewer social cues to eat 

(Pilgrim et al., 2015). Bereavement of a spouse common in later life is a prevailing 

health issue for older people as systematic review research reveals the detrimental 

effects it can have on nutritional risk and involuntary weight loss (Stahl and Schulz, 

2014). Older men living alone appear to be particularly vulnerable to poorer dietary 

intake as they may lack vital cooking skills and knowledge (Hughes, Bennett and 

Hetherington, 2004). Furthermore many factors can influence an older person’s ability 

to even socially eat such as lack of transportation or embarrassment due to physical 

or oral health status (Locher et al., 2009; Burks et al., 2017).  

 

1.1.5.5 Economic Factors 

 

Various economic factors can influence the food that we eat such as food price and 

available expenditure to purchase food. As older people are typically retired or have 

reduced working hours, their income is often reduced and relies heavily on savings 

and pensions. Many older adults reported that financial implications was an important 

consideration in food choice selection (Kamphuis, Bekker-grob and Lenthe, 2015). 

However a constraining food budget can lower the nutritional adequacy of the diet 

(Darmon, Ferguson and Briend, 2002; Conklin, Maguire and Monsivais, 2013). This 

could be a potential barrier to achieving adequate nutrition for  many elderly people  

as research suggests that falling income can effect both diet variety and quantity of 

food eaten (Conklin, Maguire and Monsivais, 2013).  
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1.2 Oral Health  

 

1.2.1 Prevalent Oral Health Issues and Impact on Health And Nutrition in 

Older Adults 

 

Good oral health is an essential component of healthy ageing as previously discussed 

in Section 1.1.5.2.6. Clinicians have observed significant changes in the oral health 

status of older adults since UK national surveys began in the 1970s as it has been 

reported that within the UK and many other Westernised countries, overall oral health 

in older people has dramatically improved (Watt et al., 2013).  However whilst this is 

a recognisable achievement, NHS England still considers older people as 

considerably vulnerable to poor oral health and in a bracket that requires particular 

attention and specialist care in dental services (NHS England, 2015). This is because 

maintenance of good oral health can become more difficult to manage in older age 

and the oral health needs of this population are in fact changing and becoming 

increasingly complex. It is well established that the state of dentition can compound 

with overall health, quality of life and nutritional status in older age. (Petersen, 

2003; Toniazzo et al., 2018). As the mouth is essentially the entry way for food and 

fluid intake, if impaired functional ability to consume an adequate diet may be 

adversely impacted. (Zelig et al., 2018). Consequently, this thesis explores the 

prevalent oral health issues amongst this population group, their intrinsic links 

and their wider health and nutritional impact in greater detail.  

 

 

1.2.1.1 Dental Caries 

 

Dental caries are described as the localized destruction of susceptible dental hard 

tissues (da Mata, McKenna and Burke, 2011) and is the primary cause of tooth loss 

in older adults (Saunders and Meyerowitz, 2005). A high prevalence of caries are 

found amongst this population globally as the number of older patients requiring 

treatment for dental caries is rising due to increased tooth retention rates (Dye et al., 

2015). Reasons for the elderly being at particular risk to dental caries are widespread 

including exposed root surfaces and decreased levels of saliva (Gati and Vieira, 

2011). Evidence suggests that caries in older adults can often arise from a lack of 

ability to perform oral hygiene activities caused by cognitive, mobility and dexterity 
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problems common in later life (Razak et al., 2014; Chen et al., 2015). Denture use 

can also further promote dental caries because oral hygiene can become comprised 

when plaque and food becomes trapped around the denture.  Dietary patterns 

developed to compensate for reduced masticatory function after tooth loss can 

typically be high in sugar which exacerbates the risk of caries and tooth loss on 

remaining teeth even further (Gati and Vieira, 2011).  Further food restrictions can 

arise from having dental caries as well as they can become easily aggravated by 

certain food and drink, particularly ones that are hot and cold. This can cause 

sensitivity and short, sharp shooting dental pain for patients, which in turn contributes 

to additional food avoidance.  

 

1.2.1.2 Dry Mouth 

 

Dry mouth (xerostomia) is a condition common to the elderly where a lack of or 

insufficient saliva causes difficulties to keep the mouth wet and moisturized 

(Thomson, 2015). Although a natural consequence of the ageing process, dry mouth 

is common in elderly patients as a result of adverse effects of prescribed medications, 

autoimmune diseases or head and neck radiation (Martin, 1994; Gueiros, Soares and 

Leão, 2009). Said to effect 1 in 5 older adults (Ramsay et al., 2015), having dry mouth 

can increase dental caries and infection risk as natural protective properties of saliva 

are reduced. This in turn can result in caries and further tooth loss if left untreated. As 

dry mouth can make it more difficult to eat, taste and swallow it has the potential 

to impact on food consumption behaviours and reduce appetite (Ham, 2007). 

Avoidance of difficult to swallow foods, frequent sucking on sweets and increased 

consumption of high sugar-based liquids have been reported among the older adult 

population in an attempt to moisten the mouth or stimulate saliva production (Martin, 

1994; Bäckström et al., 1995; Quandt et al., 2011). Whilst this also can even further 

promote dental caries, it demonstrates the restrictions that dry mouth can have on the 

diet.  

 

1.2.1.3 Periodontal Disease 

 

When there is a build up of bacteria from plaque, gums becomes inflamed and easily 

bleed (medical term Gingivitis) (Pizzorno, Murray and Joiner-Bey, 2016). If left untreated 

this can progress to gum disease (periodontal disease). Periodontal disease is when the 

inner layer of the gum and bone that surround and support teeth pull away and form 

https://www.msdmanuals.com/en-gb/home/mouth-and-dental-disorders/periodontal-diseases/introduction-to-periodontal-diseases
https://www.webmd.com/oral-health/guide/plaque-and-your-teeth
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pockets (Scottish Dental Clinical Effectiveness Programme, 2014).  Formation of these 

pockets are what lead to the loosening and subsequent loss of teeth. UK adults aged 

between 65 and 84 years are said to have the highest prevalence of periodontal 

pocketing of all age groups  and is recognized as a major cause of tooth loss in older 

adults (Public Health England, 2015).  Ageing in itself is thought to be a considerable 

risk factor for loss of periodontal attachment, as is wearing a denture which can cause 

food to become trapped against tooth surfaces (Lopez et al., 2017). There are also 

risks linking common chronic disease among the elderly to periodontal disease 

including diabetes and cardiovascular disease (Vergnes et al., 2009; Dhadse, Gattani 

and Mishra, 2010). As the nature of this disease causes gums to become 

swollen, sore or infected, pain and discomfort can be associated with chewing 

(National Institute of Dental and Craniofacial Research, 2013). The loosening of teeth 

can also restrict a patient’s ability to eat certain textured foods. Periodontal disease 

can even change the fit or comfort of partial dentures which can make gums even 

more tender and sensitive, or in worst case scenarios prevent the denture from being 

worn altogether (National Initiative for the Care of the Elderly, 2012).   

 

1.2.1.4 Tooth Loss  

 

Tooth loss is the ultimate result of the chronic dental diseases amongst this 

population.  However, increasing numbers of older adults are retaining more teeth into 

old age (Murray Thomson, 2014) (Kelly et al., 2000). Figure 1.2 demonstrates findings 

from the Adult Dental Health Survey showing the prevalence of total tooth loss 

(edentulousness) among over 65s in the UK has rapidly declined and that for the first 

time, the majority of adults within every age group, (even those within the very old age 

group) were partially dentate (Fuller et al., 2011). Consequently, there has been a 

significant increase in the number of partially dentate older adults which are said to 

count for 88% of British adults aged 65 to 74 years and 68% aged 75 years (Public 

Health England, 2018). Rationale for these observed changes include greater access 

to dental care, shifts in population attitudes and norms and improvements to 

treatments and clinical procedures with an increased focus on prevention (Watt et 

al., 2013).  
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Figure 1.2: Trends in Percentage Edentate by Age, England: 1978-2009 (Adult Dental 

Health Survey, 2009) 

 

Large population studies have found that the loss of natural teeth is associated with 

changes in food preference and nutrient intake including difficulties to bite, chew and 

swallow properly (Watt et al., 2013; Centres for Disease Control and Prevention, 

2017). Whilst this is related to a progressive number and distribution of teeth, even 

partially dentate older adults still report to having significant difficulty or inability eating 

certain foods when they have reduced masticatory function (Sheiham et al., 1999; 

Marcenes et al., 2003; Savoca et al., 2011). As a result, older peoples' selection of 

foods tend to be less hard, crunchy or stringy in texture and instead are softer or more 

palatable which are often less nutrient dense (Moynihan et al., 2007; Ervin and Dye, 

2009). These opted for foods are typically higher in calories and complex 

carbohydrates (Moynihan et al. 2007). In fact in the  Adult Dental Health survey, adults 

aged 75+ were said to consume the highest amounts of sugar in comparison with any 

other age group (Chadwick et al., 2009). A reduction in masticatory  efficiency and  

chewing  ability is also said to limit animal protein, fruit and vegetables and other food 

sources high in dietary fibre, calcium, iron, and other vitamins (Sheiham et al., 2001; 

Walls and Steele, 2004; Nicklett and Kadell, 2013; Bomfim, de Souza and Corrente, 

2018). Many older adults may even resort to coping mechanisms such as pureed diets 

in order to avoid further gum irritation (Keller et al., 2012). However, this process often 

reduces vital nutrients and can typically be less appealing which can contribute to a 

reduced food intake. Tooth loss may not only limit food choice but also result in a 

reluctance to try new foods, particularly if of unknown contents and textures (van den 

Heuvel et al., 2019).  Progressive food avoidance and modification through natural 
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tooth loss can therefore comprise diet quality as well as intake and contribute to 

nutritional deficiency. The impact of this masticatory disability on nutritional 

deficiencies has been shown to give rise to a greater incidence of chronic disease 

and mortality risk among older people (Johansson et al., 1994; Hämäläinen et al., 

2003; Bailey et al., 2004; Nakanishi et al., 2005).  

 

1.2.2 Oral Rehabilitation for Partially Dentate Older Adults   

 

Whilst retaining more natural teeth among the older adult population is a recognisable 

achievement, it does alter and in many ways complexes dental care provision for older 

people as tooth retention requires greater dental care to both restore and maintain 

teeth. However, measures of complexity do not stop at teeth restoration as 

replacement of missing teeth also comes with significant complications. Challenges 

include patient adherence to oral hygiene activities, additional complications from 

dental care treatments and advances in oral rehabilitation (National Audit Office, 

2014). Nonetheless, oral rehabilitation for this new group of partially dentate elderly 

is an essential component of geriatric care to improve aesthetics, overall function and 

quality of life, including diet. This thesis will now outline the types of oral rehabilitation 

treatments most common to this population if not enough teeth are maintained to allow 

normal eating function and their impact on diet and food choice.  

 

1.2.2.1 Removable Partial Dentures  

 

The widespread prevalence of tooth loss, even if partial, means that the elderly are 

less likely to have what is termed as “functional dentition.” The concept requires a 

minimum threshold of five occluding pairs of teeth which provides adequate oral 

function without the use of a removable prosthesis. (Sheiham et al., 1999). If tooth 

loss falls below this threshold, oral rehabilitation use such as dentures may be 

required to restore overall dental function. Among British older adults who are partially 

dentate, 30% of those aged 65 to 74 and 37% of those aged 75 or over used dentures 

as a means for replacing missing teeth (Adult Dental Health and Survey, 2009). 

Typically partial tooth loss is mostly treated using removable partial dentures (RPDs), 

a simple and affordable tooth replacement method. It is less invasive than other forms 

of tooth replacement and causes no damage to remaining teeth. Removable dentures 

are a plate with one or more false teeth on it with clasps to keep the denture in place 

in the mouth. The plate has the advantage that additional teeth may be added over 

time if further tooth loss occurs. The overall benefit of RPDs are that they can improve 
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oral function and better biting and chewing ability (Campbell et al., 2017). However 

this will still be notably less efficient in comparison with those with natural teeth. 

Unfortunately there are a number of potential drawbacks to RPDs that patients have 

reported including high maintenance requirements, discomfort and non-compliance 

(Freitas et al., 2012). Older adults can also have difficulty adapting to dentures, as 

wearing a removable prosthesis can have emotional and functional adjustments 

(Davis et al., 2000). As taste buds are found on the roof of the mouth the plate of the 

denture can reduce the ability to taste food as well (Ship, 1999). Denture success 

when it comes to masticatory efficiency is variable and very much dependent on the 

condition of the mouth and teeth, proper fitting of dental prostheses and individual 

cognitive and neuromuscular adaptability to function with them (Sheiham and Steele, 

2001).  

 

1.2.2.2 Shortened Dental Arch  

 

A relatively new approach to oral rehabilitation that is being increasingly used in the 

dental setting are functionally orientated treatment solutions such as the shortened 

dental arch (SDA) concept. The SDA approach suggests that a functional dentition 

can be maintained when there are at least four occlusal units (contact between teeth) 

left (Kayser, 1981). It is considered a minimal treatment intervention based on the 

concept that an adequate oral function can be achieved through preserving the 

anterior and premolar teeth rather than tooth replacement (D’Souza, 2015). Where 

insufficient numbers of natural teeth remain for a SDA then teeth can be replaced with 

fixed dental prostheses including bridgework or dental implants.  The SDA concept is 

often preferred to RPDs as patients are typically more comfortable with a fixed 

restoration rather than a removable one (Wöstmann et al., 2005). Older patients with 

a SDA also reported an enhanced oral health‐related quality of life (Armellini et al., 

2008) as it provides easier oral hygiene maintenance, comfort, and possibly reduced 

costs for patients (Srividya et al., 2016) (McKenna et al,). Most importantly, they 

provide excellent chewing comfort in comparison to RPDs as it more naturally mimics 

having natural teeth (Geissberger, 2013). Research shows that the prevalence of 

chewing complaints is low amongst SDA patients (Witter et al., 1994; Sarita et al., 

2003). In fact evidence even suggests that SDA treatment in older patients can have 

positive improvements on nutritional status in comparison to RPDs (McKenna et al., 

2014).  
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1.2.3 Oral Rehabilitation for Partially Dentate Older Adults Combined With 

Dietary Advice  

 

Whilst it is recognised that each method of oral rehabilitation has its limitations, all 

treatments should essentially minimise previous dietary restrictions and allow patients 

to eat what they once ate before they had missing teeth. However, although oral 

rehabilitation significantly increases oral health-related quality of life, it appears that 

tooth replacement alone does not lead to altered food choice behaviours and better 

diet amongst older people (Ali et al., 2019). Previous research demonstrates no 

significant change in nutrient intake after tooth replacement, even though 

improvement in masticatory function was reported (Moynihan et al., 2000; Hamada et 

al., 2001; Morais et al., 2003). These findings have been verified by systematic review 

research that also found that improved food mastication does not necessarily 

correspond to positive dietary changes (Tada and Miura, 2014). In other words, it 

simply reiterates Section 1.1.5 that oral health is only a partial factor of food choice in 

this population group and that oral rehabilitation alone cannot be expected to improve 

inadequate dietary intakes.  

 

Dietary advice in addition to mastication restoration may be required to facilitate a 

change in nutritional status. It may be necessary to consider dietary counselling as a 

part of oral rehabilitation treatment. Currently there is a major gap for this within the 

dental setting as roughly only a third (36%) of British adults said that they had been 

asked about their diet with only 27% of them reporting that they had been given dietary 

advice (Adult Dental Health and Survey, 2009). To date, a number of studies exist 

that support and recommend the provision of dietary advice and education alongside 

restorative dentistry among older adults (Olivier et al., 1995; Bradbury et al., 2006; 

Bartlett et al., 2013). However, this is currently limited to mainly edentate patients, 

with little research of this kind to date in patients that are partially dentate. As further 

investigations are required to establish the extent to which combing oral rehabilitation 

with dietary counselling is effective on the nutritional status for the elderly, a 

systematic review was conducted on existing intervention studies and presented in 

Chapter 2 of this thesis.  

 

1.3 Dietary Behaviour Change  

Dietary counselling is a supportive process of setting priorities, establishing goals and 

creating individualized action plans that acknowledges and encourages responsibility 
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for self-care (Spahn et al., 2010). Dietary interventions conducted with older people 

have demonstrated ability to change eating behaviours and aid a healthier diet 

(Baldwin and Weekes, 2008; Gibson et al., 2012; Lara, Hobbs, et al., 2014; Ahn, Park 

and Kim, 2018; Salas-Salvadó et al., 2018; Zhou et al., 2018). Specifically in relation 

to oral health, research has shown promising findings for dietary change following oral 

rehabilitation as outlined in Chapter 2 of this thesis. Although this is mainly limited to 

edentate patients, more recently research is focusing on partially dentate individuals. 

However research is still in its infancy and requires further exploration (Wöstmann et 

al., 2016; Nabeshima et al., 2018).  

As behaviour is known to influence health, it is paramount to investigate the 

mechanisms behind bringing about a change to dietary behaviour and assessing what 

exactly needs to change to accomplish dietary behaviour change (Tombor and 

Michie, 2017). Human behaviour is essentially 'the product of individual or collective 

human actions, seen within and influenced by their structural, social and economic 

context' (NICE, 2007). Psychology offers several "theoretical models" that offer 

understanding of the behaviour itself in order to discern how to change the behaviour 

and to frame intervention development and its evaluation. Behaviour change theory 

offers comprehensive insight to predict and modify health behaviours and allows for 

the opportunity to tailor behaviour change strategies appropriately to the targeted 

population. Consequently, the use of theory-based behaviour change to design 

interventions is strongly recommended as it has demonstrated greater levels of 

effectiveness and is more likely to lead to successful implementation and uptake 

(Craig et al., 2008; Spahn et al., 2010). This following/next section therefore looks at 

approaches to dietary behaviour change and intervention design that this thesis plans 

to consider and incorporate into a dietary intervention amongst the target population 

of partially dentate older people. 

 

1.3.1 Design of a Dietary Intervention for Older Adults 

 

1.3.1.1 Behaviour Change Techniques  

 

Within the literature there is a call for improved methodologies for specifying and 

reporting interventions and their contents (Craig et al., 2008). A method deliberately 

developed for this purpose is the comprehensive and reliable characterization of 

interventions in terms of behaviour change techniques (BCTs) (Abraham and Michie, 

2008). A BCT is a systematic procedure considered as an active ingredient of an 
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intervention designed to bring about behaviour change (Michie and Johnston, 2013). 

The defining characteristics of a BCT are that is an observable, replicable, and 

irreducible component of an intervention designed to alter behaviour and that the 

technique is proposed to be the “active component” of the intervention (Michie et al., 

2011). There are a number of available BCT taxonomies, although the most 

comprehensive and internationally recognized is the 93 BCTs taxonomy identified by 

Michie and colleagues (e.g. self-monitoring, feedback and goal-setting) (Michie et al., 

2013). These BCTs can either be used alone or in combination and in various forms. 

Incorporating the internationally supported taxonomy benefits the reporting, design 

and implementation of an intervention. Drawing on high quality evidence including 

systematic reviews and national datasets, the presence of BCTs has been associated 

with greater intervention effectiveness (Michie et al., 2013). Typically, use of BCTs 

are poorly reported in the design and reporting of behaviour change interventions. 

Systematic review research shows that certain individual BCTs aimed at dietary 

behaviour modification more likely led to significant weight alterations among general 

adults (Dombrowski et al., 2012). These BCTS suggested that interventions aimed at 

dietary behaviour change may benefit from giving specific instructions as to how to 

change one’s diet (BCT provision of dietary instruction), asking individuals to self-

monitor their food intake (BCT self-monitoring of dietary behaviour) and helping to 

maintain initially achieved behaviour change by anticipating potential lapses and 

providing coping strategies  (BCT relapse prevention).  However in order to 

successfully guide intervention development among older people specifically, relevant 

BCTs need to be incorporated by identifying which BCTs best change dietary 

behaviour to optimise uptake and adherence (Gardner et al., 2017). A tailored 

behavioural change approach appropriate to this population is therefore key (Tilly, 

2017). Although evidence is currently limited, a guide to which dietary BCTs appears 

to be most relevant to older people has been identified in a recent systematic review 

and meta-analysis of fruit and vegetable dietary interventions for British older adults 

of retirement age (Lara, Hobbs, et al., 2014). After exploring the association between 

the utilisation of BCTs and intervention effectiveness, studies incorporating BCTs 

were associated with greater increases of fruit and vegetable consumption (60 to 90 

g/day greater) compared to studies not using BCTs. The following BCTs were deemed 

to bring about the greatest levels of behaviour change in fruit and vegetable intake: 

‘barrier identification/problem solving’; ‘plan social support/social change’; ‘goal 

setting (outcome)’; ‘use of follow-up prompts’; and ‘provide feedback on performance.’ 

Another important consideration highlighted in this review is the number of BCTs to 
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implement into the intervention as findings were contradictory. Although Lara and 

colleagues found a significant trend towards improved fruit and vegetable intake with 

the employment of more BCTs per study, other evidence would suggest that it may 

be more relevant to focus on only a few effective BCTs (Michie et al., 2009; Gardner 

et al., 2011; Hill, Skouteris and Fuller-Tyszkiewicz, 2013a). A range of two to 16 BCTs 

in included studies (median = 6) did highlight the need for further investigation of the 

potential usefulness of fewer BCTs among this population. Overall, the review 

remains the best standing evidence available and provides strong rationale for basing 

future interventions on relevant BCTs to aid effectiveness among older people.   

 

1.3.3.2 Intervention Framework  

 

1.3.3.2.1 MRC Framework for Complex Interventions 

 

In order to address many of the complexities of defining, developing, and evaluating 

an intervention, a  comprehensive and iterative framework is recommended such as 

the Medical Research Council (MRC) Framework for Complex Interventions (Craig et 

al., 2008). It describes a complex intervention as an intervention consisting of several 

interacting components. The MRC Framework (published initially in 2000 and updated 

in 2008) provides internationally recognised guidance that offers a flexible and non-

linear approach to guide the intervention process. The guidelines incorporate the 

following phases into its framework (as outlined in Figure 1.3 and will be referred to 

in subsequent thesis chapters): development, feasibility and piloting, evaluation and 

implementation.  

Figure 1.3: Key Elements of the MRC Guidelines for Complex Interventions  
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Best practice recommends to develop the intervention systematically. This process 

involves firstly using the most compelling available evidence and appropriate theory 

for intervention development. Then to testing phase with a piloted approach that 

targets areas of key uncertainties in the design, and moving on to an exploratory and 

then definitive evaluation. Finally, results should be disseminated appropriately as 

widespread as possible and with continuing research to monitor the implementation 

process.  

1.3.3.2.2 The Behaviour Change Wheel 

 

Whilst the MRC recommends basing intervention design on theory, they fail to offer 

any guidance on selection or application of theory for behaviour change (Craig et al., 

2008; Michie, van Stralen and West, 2011). As well as this, lack of coherent and 

comprehensive traditional behaviour change models, has led to the development of a 

new systematic intervention framework and practical guide known as ‘The Behaviour 

Change Wheel (BCW)’ (Michie, van Stralen and West, 2011). The BCW is a 

framework that strategically links behaviour understanding in its context with methods 

to change the targeted behaviour. Figure 1.4 below demonstrates the three layers 

comprised within the BCW. At the core of the wheel is the COM-B model which aims 

to help in the identification of key levers for change to allow the new behaviour to 

occur. The middle layer is based on the nine intervention functions that characterise 

the type of intervention that is needed and the outer layer outlines the seven types of 

policy categories that can be used for delivering these intervention functions.  

 

Figure 1.4 The Behaviour Change Wheel (Michie, van Stralen and West, 2011) 
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The core COM-B model (Figure 1.5)  represents a model of behaviour (B) change 

where capability (C), opportunity (O) and motivation (M) interact (Michie, van Stralen 

and West, 2011). The model describes how changing behaviour is a result of 

interaction between three components: Capability (psychological or physical ability to 

perform the behaviour); Opportunity (social and physical environment that enables 

the behaviour); and Motivation (automatic and reflective mechanisms that activate or 

inhibit behaviour). The COM-B model is a condensed version of the Theoretical 

Domains Framework (TDF) which consists of 14 key domains derived from behaviour 

change theories (Atkins et al., 2017). These 14 domains are entailed of knowledge; 

skills; memory, attention and decision processes; behavioural regulation; 

social/professional role and identity; beliefs about capabilities; optimism; beliefs about 

consequences; intentions; goals; reinforcement; emotion; environmental context and 

resources; and social influences (Michie, Atkins and West, 2014). Using the TDF and 

COM-B model to inform intervention design allows for a more integrative approach as 

drawing upon these theory-derived behavioural domains allows for the identification 

of what needs to change in order to bring about the target behaviour. 

Figure 1.5 The COM-B model (Michie, van Stralen and West, 2011) 

 

1.3.3.2.2.1Step-by-Step Method for Designing Behaviour Change Interventions 

 

The BCW follows a three-stage step-by-step process to intervention design that was 

incorporated as part of this thesis: 1. Understand the behaviour, 2. Identify 
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intervention options, and 3. Identify components and implementation options (Michie, 

Atkins and Gainforth, 2016).  

 

Figure 1.6 Step-by-Step Method for Designing Behaviour Change Interventions 

(Michie, Atkins and Gainforth, 2016) 

1.3.3.2.2.1.1Step Understanding the behaviour 

 

As partially dentate older adults are at an increased risk of both over or under 

nourishment, rather than limiting consumption of certain nutrients, a greater focus in 

dietary interventions among this group must be based around simply meeting 

adequate dietary recommendations as part of a balanced diet  (Clegg and Williams, 

2018; Omorogieva, 2019). Whilst it is debated that the nutrition needs of older adults 

should be reflected by their own subset of dietary recommendations, not all dietary 

guidelines for adults within the UK are age-specific (Sahyoun Nadine R, 2002; 

Bernstein, 2017; Omorogieva, 2019). In order to be knowledgeable of what specific 

dietary behaviours to target in an intervention, it is important to identify what food 

groups and nutrients this population are deficient in when compared to these 

guidelines. This is described by Tombor and Mitchie as a “behavioural diagnosis” 

which essentially defines the problem that the intervention aims to address (Tombor 

and Michie, 2017). Further application to the COM-B model has already been 

conducted in this thesis through the identification of oral health and other wider factors 

that influences food intake in preceding sections.  

In the UK, national dietary population data can be found from the National Diet and 

Nutrition Survey (Public Health England, 2018). Based on this survey, this section of 
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this thesis sets to outline the food groups and nutrients that older adults are failing to 

meet their dietary requirements. This is displayed in the following tables (Table 1.1 

and 1.2) using red to highlight unmet dietary requirements.  

Table 1.1: Average Daily Intake Of Selected Foods For UK Older Adults 

(NDNS  Results Years 7 and 8 (combined) of the Rolling Programme 

(2014/2015 to 2015/2016) 

Food Group/ 

daily intake 

UK Dietary 

Recommendations/day 

Aged 65-74 Aged 75+ 

Men Women Men Women 

Fruit and 

vegetable 

(portions) 

5 portions 4.3 4.3 3.8 3.2 

Oily fish (g) 20g 17 12 12 8 

Red and 

processed 

meat (g) 

< 70g 73 54 66 43 

Sugar-

sweetened soft 

drinks (g) 

- 41 51 43 23 

 

Dietary recommendations for fruit and vegetables (5 portions/day) were not being met 

as mean consumption was 4.3 portions per day for adults aged 65 to 74 years and 

3.4 portions per day for adults aged 75 years and over. This was also the case for oily 

fish as although recommendations are one portion (140g) per week, mean daily 

intakes were short of this across all age groups. Red meat recommendations were 

exceeded by men aged 65 to 74 years (73g/day). Although there are no dietary 

reference intakes for sugar-sweetened soft drinks, total sugar intake should not 

exceed 90g/day which warrants the use of such drinks in this population.  

  

Table 1.2: Average Daily Intake Of Energy Intake And Selected 

Macronutrients For UK Older Adults 

 UK Dietary 

Recommendations/ day 

Aged 65-74 Aged 75+ 

Men Women Men Women 

Total Energy EAR 

MJ * 8.16 6.24 7.67 5.66 

Kcal * 1940 1483 1824 1344 
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Table 1.2: Average Daily Intake Of Energy Intake And Selected 

Macronutrients For UK Older Adults 

 UK Dietary 

Recommendations/ day 

Aged 65-74 Aged 75+ 

Men Women Men Women 

Macronutrients DRV# 

Total fat (% 

food energy) 

no more than 35% food 

energy 

33.7 34.5 36.4 35.6 

Saturated fat 

(% food 

energy) 

no more than 11% food 

energy 

12.6 13.5 14.4 14.8 

Trans fat (% 

food energy) 

no more than 2% food 

energy 

0.5 0.6 0.6 0.7 

Free sugars 

(% total 

energy) 

no more than 5% of total 

energy 

11.8 10.4 12.5 10.4 

Fibre (g/day) 30g 19.5 17.4 18.3 15.1 

*EAR recommendations: Men 65 to 74 years 9.8MJ (2342kcal)/day, men 75 years 

and over 9.6MJ (2294kcal)/day; women 65 to 74 years 8.0MJ (1912kcal)/day; 

women 75 years and over 7.7MJ (1840kcal)/day  

 

#Dietary Reference Values (DRVs) 

 

Mean daily energy intake was below the estimated average requirement (EAR) for all 

older adults (SACN, 2011). This was also the case for a number of macronutrients. 

Mean intake of total fat intakes exceeded the recommendation for men and women 

aged 75 years and over. Saturated fat and free sugars recommendations were also 

exceeded in all older age/sex groups and mean fibre intakes fell below the 

recommendation across all older adult groups. Although not displayed in the table, 

mean daily intakes of most vitamins and minerals were close to or above their 

Reference Nutrient Intake (RNI) across all the older age groups. However, Vitamin D, 

magnesium, potassium and selenium were all a cause for concern as mean intakes 

were considerably below their LRNIs. UK findings coordinate with nutritional 

deficiencies among older adults on a wider scale (Nicklett and Kadell, 2013; Rolland 

et al., 2013; ter Borg et al., 2015).  
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Dietary intake results from the NDNS survey are in line with a number of the previously 

discussed findings that older adults with reduced oral health status and masticatory 

efficiency have a suboptimal diet (Sheiham and Steele, 2001; Walls and Steele, 

2004)(Bomfim, de Souza and Corrente, 2018). This includes reduced fruit and 

vegetable, fibre and protein intake and an exceeded requirement of free sugars and 

saturated fat. The NDNS highlights that general underreporting of food consumptions 

are common as in all dietary surveys which only intensifies these observed nutritional 

deficiencies all the more. Nonetheless, knowledge of the shortcomings of these 

specific dietary intakes are vital for targeting appropriate dietary behaviours of a UK 

older adult population.  

 

1.3.3.2.2.1.2 Step Design Intervention 

 

While the COM-B model helps researchers to identify behavioural targets, the BCW 

(middle layer) identifies intervention functions likely to be effective in bringing about 

the change. The term intervention ‘function’ is used rather than intervention ‘type’ or 

‘category’ as an intervention may encompass more than one of the 9 identified 

functions (Atkins and Michie, 2015). For example if using the behavioural diagnosis 

to change dietary habits among older people a number of functions may be relevant 

including education, persuasion or incentivisation. These intervention functions can 

be graded for suitability by a guide known as the APEASE criteria:  Affordability, 

Practicality, Effectiveness and cost-effectiveness, Acceptability, Side-effects/safety, 

and Equity. Incorporating this criteria among interventions functions and other 

components of the BCW will determine what is most appropriate for their context and 

therefore most likely implemented successfully.  

These intervention functions that might change behaviour are linked to the taxonomy 

of 93 replicable BCTs by Mitchie and colleagues (Michie et al., 2013). As already 

outlined within Section 1.3.1.1 BCTs are considered the active ingredients of 

behaviour change and are what make up the intervention functions with typically 

several of them incorporating one function and often serve multiple functions (Munir 

et al., 2018). As it is important to prioritize BCTs appropriately, similar to intervention 

functions, the APEASE criteria outlined above can help to narrow down BCTs to what 

are most contextually relevant (Michie, Atkins and Gainforth, 2016). 
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1.3.3.2.2.1.3 Step Deliver Intervention  

 

The final layer of the wheel comprises of the seven policy categories that can support 

the delivery and implementation of intervention functions. Applying these polices to a 

partially dentate older adult population in need of dietary behaviour change, 

guidelines and service provision would appeal as most appropriate as part of 

intervention delivery. This would entail of creating documents that recommend or 

mandate practice, or as part of service delivery. These policy categories allow the 

consideration of not only what function the intervention will serve but also how the 

intervention itself will be delivered. The framework describes that designers must 

consider an appropriate mode or modes for delivering the intervention depending on 

the population group and setting (again using the APEASE criteria).  Whilst a simple 

taxonomy of modes of delivery is provided as part of the BCW Guide, face-to-face 

delivery is deemed most appropriate for older adults. This is because it appears to be 

the most common and effective context for intervention delivery amongst this 

population for behaviour change compared to other intervention forms such as 

supplementation or meal delivery (Baldwin and Weekes, 2008; Gibson et al., 2012; 

Lara, Hobbs, et al., 2014; Ahn, Park and Kim, 2018; Salas-Salvadó et al., 2018; Zhou 

et al., 2018). 

 

1.3.2 Behaviour Change Maintenance  

 

In summary, engagement with the BCW provides intervention designers with a 

systematic method to modify dietary behaviours by capturing a behavioural diagnosis 

and linking that diagnosis appropriately. The BCW offers theoretically-based guidance 

and a structured method to initiate and facilitate the process of intervention design, 

delivery and implementation. Whilst by no means does it guarantee changed 

behaviours, the systematic approach based on evidence-based principles will intently 

increase an interventions overall effectiveness. However in spite of the consideration 

of interventions based in theory as the gold standard, this remains a critical challenge 

in health behaviour research as the adoption of this approach in intervention studies 

is severely lacking (Prestwich et al., 2014; Conner and Norman, 2017). Even when 

followed and successfully adopted, another key intervention challenge is the 

maintenance of the formed behaviour. Although extensive evidence exists for the 

modification of behaviour through behaviour change interventions, the retention of 

these changes are questionable. Despite favourable intentions to adopt healthy 



 

51 
 

dietary behaviours, typically intervention changes in behaviour only last in the short-

term as often when the intervention comes to an end, so too does engagement with 

the target behaviour as old patterns re-emerge and new healthy behaviours diminish 

over time (Jeffery et al., 2000; Wood and Neal, 2014; Fox and Sitkin, 2016). Too often 

behaviour change attempts have traditionally focused on behaviour initiation whilst 

neglecting behaviour maintenance (Voils et al., 2014). Thus, the effectiveness of any 

nutritional status improvements may only be temporary. This too appears to be the 

case among dietary interventions on older people as systematic review research for 

dietary interventions in both under and over nourished older adults comment on their 

short duration and unclear sustainability (Batsis et al., 2017; Reinders et al., 2018). 

Further systematic review evidence suggests that the compelling issue of behaviour 

change maintenance succeeding interventions is not receiving the attention that it is 

due as sustained behaviours are vital if to produce meaningful changes in relevant 

health outcomes (Fjeldsoe et al., 2011).  

A plausible explanation to the shortcoming of behaviour sustainability is that 

intervention behavioural theory typically focuses its recommendations on initiation 

factors that consist of reflective, conscious and deliberative processes. However 

these first initiation factors differ from maintenance factors and are not sufficient for 

the sustained engagement of a behaviour (Rothman, 2000). The successful initiation 

of a new dietary behaviour is dependent on one’s motivation to change their 

behaviours and ability to translate intention into action. However motivation and 

engagement to change behaviour often wanes with time as few traditional behaviour 

change strategies have built-in mechanisms for maintenance (Gardner, Lally and 

Wardle, 2012). Often an eating behaviour may bypass reflective action control and 

instead initiates an automatic response to cues in the situation or eating environment  

(Rothman, Sheeran and Wood, 2009). To date, investigating these reflective factors 

have dominated dietary behaviour research.  However, this is where the concept of 

habit formation offers a promising justification to understanding the struggles and 

often failed attempts at health behaviour modification  (Kwasnicka et al., 2016). 

 

1.4 Dietary Habit Formation  

 
Habits are considered as a phenomenon whereby a learnt sequence of acts due to 

frequent performance in a similar situation are automatically triggered by particular 

environment cues (Wood and Neal, 2007).  Research has shown that consistent 
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healthy behaviours in daily life are more so done out of habit which require minimal 

conscious effort or planning and can in fact change conscious behavioural intentions 

to automatic processes (Nilsen, Gardner and Broström, 2013; Linnebank, Kindt and 

de Wit, 2018). Habitual behaviour offers resistance to the typical eroding of new 

behaviours and remerging of the old as habits are not dependent on intentions and 

motivation to perform healthy behaviours which so often fade following returning to 

previous contexts after the intervention period ends (Lally, Wardle and Gardner, 

2011). More so, these intentions are overridden by habitual behaviours through the 

unconscious lack of thought that is evoked in habit performance (Gardner, 2015). The 

formation of healthy habits may therefore make newly formed healthy behaviours 

more resistant to lapses, and in doing so act as a possible mechanism for long-term 

dietary maintenance beyond the intervention course (Rothman, Sheeran and Wood, 

2009).  

Grounded in theory, it is recognized that “habit covers a very large part of life” (James, 

1890). Within health psychology, a ‘habit’ is hypothesised to have several 

characteristics that make it pertinent to understanding and modifying health 

behaviour. It is through the consistent repetition of a behaviour in a specific context 

and by a rewarding experience that a habit is generated largely outside of an 

individual’s conscious awareness (Neal, Wood and Quinn, 2006). Thus this enforces 

a mental context-behaviour based association that has the potential to activate a 

behaviour in the absence of deliberation or cognitive recognition without reliance on 

memory (Danner, Aarts and de Vries, 2008). It is this gradual transferal of conscious 

intentional actions to external cuing mechanisms that allows habitual tendencies to 

dominate over motivational tendencies that typically tend to dip over time (Gardner 

and Rebar, 2019). Habits themselves do not generate the behaviours as such but 

more so generate the impulse towards the behaviour and can be used to explain or 

predict behaviours. Many everyday behaviours are in fact habitual as an estimated 

45% of behaviours are said to be repeated daily in the same physical location or 

situation (Wood, Quinn and Kashy, 2002; Wood, Tam and Witt, 2005). For example 

the behaviour of brushing teeth with the cue of every morning and evening for a 

reward of ensuring dental health (Kurz et al., 2015). This three-part structure to habit 

formation: the cue, the repetition, and the reward are essentially the determinants of 

the habit formation process. 
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 1.4.1 Cue 

 

The cue is the component of the habit process that causes the habit to come about 

as it acts as the trigger of the habitual behaviour. Once a habit association is formed 

in the memory via repetition, the response is activated through a current internal state 

in conjunction with this contextual state (Botvinick and Plaut, 2004). The cue is 

generated within a stable and consistent environmental context such that perception 

of the cue is automatically embedded as part of everyday life. This could simply be 

anything that one's mind associates with that behaviour that executes the response 

including time of day, physical locations, activities, other people (Wood, 2017).  

1.4.2 Repetition 

 

In addition to the cue component, in order for a behaviour to become truly habitual, it 

must be performed frequently alongside the cue. Habit strength increases alongside 

this repetition until automaticity is acquired (Lally and Gardner, 2013). However habit 

formation can be a slow process as research suggests that  automaticity can take on 

average 66 days to reach with a range of 18–254 days (Lally et al., 2010). Of course, 

repeated habit acquisition is highly dependent on the complexity of the behaviour 

(Mullan and Novoradovskaya, 2018).   

1.4.3 Reward  

 

Individuals tend to repeat behaviours that either generate  positive consequences or 

reduce negative ones (Wood and Neal, 2014). Deemed the payoff of a behaviour, it 

is the reward that fixes a behaviour in place to become the habit  (Lally and Gardner, 

2013). Habits formation occurs most readily when targeted behaviours are rewarded 

as it motivates or encourages repeated behaviour continuation. While only rewards 

that promote the repetition of specific actions contribute to habit formation, once the 

behaviour has become automatic the reward may not even be needed (Hollingworth 

and Barker, 2017). Rewards can vary from intrinsic to extrinsic, conscious and 

subconscious, physical to physiological, short-term or long-term, one-off or a reward 

that is cumulative and develops over time (Hollingworth and Barker, 2017).  

1.4.4 Habit-based Interventions 

 

As eating is a daily occurrence and in majority of cases, food and meals are consumed 

at the same place and time, it may be assumed that eating behaviours are actually 

largely habitual (Conner, Norman and Bell, 2002). In fact it has been reported that we 
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automatically make over 200 food decisions each day, and that these actions are 

often acted on unconsciously without reflection, deliberation or much sense of 

awareness (Wansink and Sobal, 2007; Nilsen et al., 2012; Linnebank, Kindt and de 

Wit, 2018), Despite the promising potential of the habit process for sustainable 

behaviour change, the concept has received relatively little attention in dietary 

intervention research, although there has been some focus across other health 

domains (Rhodes and de Bruijn, 2010; Bolman, Arwert and Völlink, 2011; Norman, 

2011). Existing dietary intervention research demonstrates significant promise for the 

acceptability and effectiveness of a habits-based intervention for improving healthy 

behaviours (Carels et al., 2014; Beeken et al., 2017). For example, previous research 

has found clinically significant weight loss differences for adult participants receiving 

a habit-based diet treatment (Lally, Chipperfield and Wardle, 2008; Cleo et al., 2019). 

Another habit-based dietary intervention study was able to successfully modify 

parental feeding behaviours, to positively influence their children’s diet (McGowan et 

al., 2013). These habit-based dietary interventions differ from non-habit-based dietary 

interventions in that they incorporate the key elements for context-dependent 

repetition in order to develop situationally cued automatic eating behavioural 

responses (Riet et al., 2011). For older adults in particular one study demonstrated 

acquired automaticity for balance and strength exercise habits in fall prevention, 

indicating the ability for older people to possess the ability to engage in habit-based 

interventions  (Fleig et al., 2016). However to date the habit approach has not yet 

been applied to the diet of an older adult population. The application of a habit 

formation approach to change and sustain healthy behaviours also requires greater 

exploration among dietary intervention research. Given the call for further habitual 

theory-based intervention research and the given need for novel dietary interventions 

for older people to maintain behaviour change, the habit concept offers a suitable 

framework for our targeted population and warrants greater investigation (Sahyoun, 

Pratt and Anderson, 2004; Riet et al., 2011; Gardner, Phillips and Judah, 2016).  
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1.5 Thesis Aims and Objectives  

 

1.5.1 Thesis Aim 

 

Based on a review of the literature, the aim of this thesis was to develop and test a 

novel habit-based tailored dietary intervention, in conjunction with oral rehabilitation, 

and to examine its impact on positive dietary habit formation amongst partially dentate 

older adults. 

 

1.5.2 Thesis Objectives 

 

In order to facilitate this aim the following objectives were undertaken on partially 

dentate older patients: 

1. To conduct a systematic review to identify, critically review and synthesize 

existing intervention studies where oral rehabilitation was coupled with a 

purposeful/intended dietary intervention amongst adults, and to examine the 

impact upon dietary intake (Chapter 2).  

 

2. To conduct a systematic review to investigate oral health status, dietary 

intervention characteristics and BCTs (Chapter 2). 

 

3. To identify dietary areas of concern among older people to develop a habit-

based dietary intervention in line with the MRC Guidelines for developing 

complex interventions (Chapter 3). 

 

4. To conduct qualitative (focus group) research to further develop a habit-based 

dietary intervention in line with the MRC Guidelines for developing complex 

interventions (Chapter 3). 

 

5. To test the developed habit-based dietary intervention for feasibility using a 

small non-randomised study for feasibility and acceptability (Chapter 4). 

 

6. To test whether a habit-based dietary intervention in combination with oral 

rehabilitation is effective in producing increased self-reported automaticity for 

healthy food choices in a randomized control trial (RCT) (Chapter 5). 
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7. To test whether a habit-based dietary intervention in combination with oral 

rehabilitation is effective in improving dietary intake; nutritional status; food-

related well-being; oral health-related quality of life; knowledge of diet-disease 

relationships; anthropometric measurements; blood pressure; muscle 

strength; physical activity; quality of life and biomarkers of nutritional status in 

a randomized control trial (Chapter 5). 

 
 
 

1.5.3    Plan of Investigation  

 

In order to achieve the aims and objectives described in this thesis a plan of 

investigation is illustrated using Figure 1.7.
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Phase 1 Phase 2 

Desk-based 

research  

Involved analysing 

current dietary intake 

of the target 

population using 

publically available 

national surveys, as 

well as conducting a 

literature review. 

Qualitative study 

 Involved conducting 

focus group (n=4)  

discussions with the 

target group to gain 

input and feedback into 

the developed 

preliminary dietary 

intervention.  

Participants: the intervention 

was tested on a small group of 

patients (n=9) aged 65+ years, 

who recently completed oral 

rehabilitation treatment for partial 

tooth loss.  

Study Design: Participants met 

with the researcher 4 times over 

fortnightly intervals to discuss an 

area of their diet to improve each 

time.   

 

Follow-up (6 weeks, 4 

months and 8 months)  

Dietary Intervention 

Development  

Desk-based research and 

qualitative study 

Pilot Study (non-

randomised)  

To test for feasibility and 

acceptability of the dietary 

intervention developed during 

Phase 1. Following the completion 

of Phase 2, final adjustments were 

made to the intervention prior to 

the Phase 3 

 

Phase 3 

Randomised Control Trial  

 

The aim is to determine the 

effectiveness of a habit-based 

dietary intervention on habit-

formation and on improving the 

nutritional status of older patients 

 

 

A total of 60 patients aged 65+ years, 

who have recently completed oral 

rehabilitation treatment for partial tooth 

loss were recruited and randomised to 

one of two groups: 

Group 1 – tailored habits-

based dietary intervention 

(n=30) 

Group 2 - no 

intervention control 

(n=30)  

Figure 1.7: Thesis Plan of Investigation  

Follow-up (6 weeks, 4 

months and 8 months)  
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CHAPTER 2: THE IMPACT OF ORAL REHABILITATION COUPLED WITH 

HEALTHY DIETARY ADVICE ON THE NUTRITIONAL STATUS OF ADULTS: A 

SYSTEMATIC REVIEW AND META-ANALYSIS 

 

2.1 Introduction 

As discussed in Chapter 1: Literature Review, research suggests that replacing 

missing teeth alone is not predictive of positive dietary behaviour change and has 

highlighted the need for targeted or purposeful dietary intervention alongside oral 

rehabilitation. This approach has been explored in a number of studies in order to 

address diet and nutritional challenges in this growing population group with mixed 

evidence of impact (Bartlett et al., 2013; Wöstmann et al., 2016). However, an 

increasing body of randomized controlled trial evidence supports the combination of 

oral rehabilitation coupled with a purposeful dietary intervention component (Bradbury 

et al., 2006; Amagai et al., 2017; Suzuki et al., 2018) with reported improvements in 

dietary intake ranging from increases in fruit and vegetables to protein. Yet 

fundamental gaps in understanding remain regarding the content, design and format 

of these dietary interventions, and how these characteristics might link to the 

outcomes of such dual interventions (i.e. oral rehabilitation plus dietary intervention). 

Furthermore, there is a lack of clarity around the theoretical and behaviour change 

basis of existing interventions, including the form of delivery (FoD) (i.e., who delivers 

the intervention, what it entails, where it is delivered, how often, etc.) and 

effectiveness (Greaves et al., 2011; Dombrowski, O’Carroll and Williams, 2016). 

These intervention aspects are of known importance, as the identification of a relevant 

theory to guide design and evaluation is a crucial step in the development of complex 

dietary interventions (Craig et al., 2008). Furthermore as discussed in Section 1.3.1.1, 

inclusion of identifiable BCTs has been associated with greater efficacy across a 

range of health behaviour interventions (Greaves et al., 2011; Michie et al., 2013; 

Lara, Evans, et al., 2014), with hierarchically structured taxonomies of techniques 

(BCTs) consensually agreed for specifying intervention components (Michie et al 

2013). Greater understanding of the behavioural science basis of dietary 

interventions used in the domain of oral rehabilitation will have considerable utility in 

advancing the field as has happened in other domains (Hill, Skouteris and Fuller-

Tyszkiewicz, 2013b; Martin, Chater and Lorencatto, 2013; Olander et al., 2013; 

French et al., 2014; Hartmann-Boyce et al., 2014; Hollywood et al., 2018), by helping 
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to concentrate efforts at the most effective behavioural targets to support positive 

change in future interventions.  

 

2.2 Chapter Objectives  

 

The objective of this systematic review was to identify, critically review and synthesize 

existing intervention studies where oral rehabilitation (replacement of natural missing 

teeth full/partial) was coupled with a purposeful dietary intervention amongst adults, 

and to examine the impact upon dietary intake (as measured by questionnaires/food 

diaries and/or biochemical markers of nutritional status. 

 

Secondary objectives were to investigate oral health status, dietary intervention 

characteristics and BCTs. 
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2.3 Methods 

2.3.1 Protocol and Registration 

This systematic review was conducted and reported in line with the preferred 

reporting items for systematic reviews and meta-analysis (PRISMA) statement (see 

Appendix 2.1 for PRISMA checklist) (Moher et al., 2009) and also using the Cochrane 

Handbook for Systematic Reviews of Interventions (Higgins and Green, 2011). This 

review was prospectively registered with PROSPERO on the 11th July 2017 

[CRD42017071075]. An update to data extraction (regarding secondary outcomes) 

was added on the 12th February 2018 to include intervention BCTs and theoretical 

underpinnings. Being a systematic review, ethical approval was not required. 

 

2.3.2 Eligibility criteria  

Studies were reviewed using the participants, interventions, comparisons, outcomes 

and study design reporting system (PICOS). They were included if:  

- (Participants) that had oral rehabilitation (replacement of missing natural teeth 

– full/partial) in edentate or partially dentate adults;  

- (Interventions) an intentional healthy eating dietary intervention was delivered 

(i.e., diet-related pamphlets/leaflets, written information, face-to-face, 

telephone, counseling, etc.) in conjunction with oral rehabilitation as defined 

as replacement of missing natural teeth;  

- (Comparisons) comparison was made between ‘standard/usual’ dental care 

only versus dental care plus dietary intervention (preferred); however, no 

restrictions/exclusions were applied based upon presence/absence of 

comparator groups, i.e., before and after studies which delivered both dental 

care plus dietary intervention with no control/comparator group were eligible;  

- (Outcomes) dietary outcomes were reported (as measured by 

questionnaires/food diaries e.g. fruit and vegetables (F/V), protein intake etc. 

and/or biochemical markers of nutritional status e.g. vitamin C etc.); 

- (Study design) all intervention study designs were considered in the 

preliminary inclusion of studies in order to maximize the study pool for final 

selection.   
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In addition to the PICOS criteria being satisfied, no exclusions were made based on 

publication date nor the length of follow-up for intervention studies given that scoping 

searches did not indicate an extensive range of relevant literature. Furthermore, a 

study was considered eligible for inclusion if it was a published article in a peer-

reviewed journal (i.e. not conference proceeding/editorial), it was available in English, 

and it was conducted on humans. 

 

2.3.3 Search Strategy  

An electronic database search using MEDLINE, Web of Science, PubMed and 

CENTRAL (Cochrane Central Register of Controlled Trials) was used to identify 

eligible studies, outlined in Figure 2.1. The search strategy was designed and set up 

by a team of three systematic reviewers (LM, LAM and HR). Initial online searches 

were performed by reviewers independently using the search terms that were 

carefully identified in accordance with the eligibility criteria and stated PICOS criteria. 

The search terms employed were either medical subject headings (MeSH) terms or 

key words classified under general (all fields) category. The search terms were then 

combined with an “OR” within categories, and PICOS categories were combined 

using “AND” to create a final logic search query. 

 

Appropriate adaptions were made to allow search strategies to be conducted on other 

databases (see Appendix 2.2 for full search strategies for all databases). All searches 

were limited to only include published, English, human studies and exclude grey 

literature. Hand-searching reference lists of eligible studies was performed to identify 

studies that may not have been discovered online. Further attempts to maximize the 

pool of relevant studies and avoid any erroneous exclusion involved personal 

communications sent to selected authors identified in the review. The online search 

was performed on 6th July 2017 with two further search updates performed by LM and 

VP using the same search terms on the 13th July 2018 to update for publication, 

covering the period of 2017-2018 and 5th July 2019 covering the period 2018-2019 by 

LAM to update for this thesis chapter. No further searches were performed after these 

dates. 
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2.3.4 Study selection 

A thorough title and abstract screening was performed by three reviewers (LM, LAM 

and HR) independently based upon the PICOS framework and eligibility criteria 

described. The search update performed in July 2018 was screened independently 

by LM, LAM and VP and the search update performed in July 2019 was screened by 

LAM. Each reviewer created a list of studies for full text analysis. The lists were 

compared and studies common to both lists were shortlisted. The identified studies 

unique to each reviewer were then included or discarded from full text analyses after 

discussion and mutual agreement. Disagreements were solved by a consensus 

discussion presided over by another review team member. Afinal list of studies was 

put forth for full text analysis and subsequent data extraction and analyses, only after 

a mutual consensus between at least two reviewers. Studies were considered eligible 

for the meta-analysis if they compared two groups (i.e. intervention and control) and 

presented dietary intake data (means) for total fruit and/or vegetable intake in grams 

per day across time points.  

 

2.3.5 Review Outcomes 

The primary outcome for the review overall focused on dietary intake (as measured 

by questionnaires/food diaries and/or biochemical markers of nutritional status). For 

example, including fruit and/or vegetables, fibre, protein and fatty/sugary food intakes. 

Secondary outcomes included general anthropometry measures which may serve as 

a proxy for health status (e.g. BMI, weight), oral/dental health status, e.g. changes in 

mastication abilities/perceived chewing abilities; alongside the theoretical basis to the 

nutritional interventions identified in the review (i.e. the processes through which the 

intervention is assumed to influence behaviour), the BCTs used (i.e., the content of 

the intervention - explicitly stated or inferred), and the FoD (i.e. the way in which the 

intervention is delivered, by whom, in what setting, their expertise, etc.) (Dombrowski, 

O'Carroll & Williams 2016). The BCTs were categorized using the BCT Taxonomy v1, 

an extensive taxonomy of 93 hierarchically clustered BCTs (Michie et al. 2013). 
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2.3.6 Data Extraction and Synthesis 

A data extraction spreadsheet was developed and independently reviewed by two 

researchers (LM and LAM). Generic details of the studies were coded including 

details of the; study design; research question; sample size; eligibility criteria; 

statistical analysis; control group characteristics; follow-up period; results summary; 

demographic data; dental/oral health status and findings; health status; diet/nutritional 

status, diet/nutritional measures; and any other relevant information. Intervention data 

was also extracted including further details on the intervention length; content; theory; 

FoD; delivery personnel; format; intensity; tailoring; materials used and; identifiable 

BCTs. Identifiable BCTs were reviewed against the Behaviour Change Technique 

Taxonomy (v1) (Michie et al., 2013). A detailed assessment of bias was also given in 

the data extraction spreadsheet (see section 2.37). All data was extracted from the 

included studies at the group-level and tabulated by two reviewers (LM and LAM). A 

narrative synthesis was conducted ordered by study design, given study 

heterogeneity. A random-effects meta-analysis model (DerSimonian and Laird, 1986) 

was used to pool data on F/V intake by calculating the standardized mean difference 

(SMD) between intervention and control/comparator groups (where possible) using 

Review Manager (RevMan) [Computer program] Version 5.3. Copenhagen: The 

Nordic Cochrane Centre, The Cochrane Collaboration, 2014. A heterogeneity test 

was conducted and I2 calculated (Higgins and Thompson, 2002). Median values were 

used for one study in the meta-analysis where means were unavailable (Amagai et 

al., 2017). In this instance, standard deviation (SD) was calculated based on 

interquartile ranges (IQR), where the width of the IQR was considered approximately 

1.35 SDs (Higgins and Green, 2011).   

2.3.7 Risk of Bias 

Two members of the research team (LM and LAM) assessed risk of bias (RoB) using 

the Cochrane Handbook Risk of Bias Tool (Higgins and Green, 2011) for randomized 

studies. Bias was assessed under the following domains; selection bias, performance 

bias, detection bias, attrition bias, reporting bias and other bias (see Appendix 2.3 for full 

RoB breakdown for all included studies). The independent reviewers reported bias 

under each domain for individual studies and also assigned an overall low risk, high 

risk or unclear risk of bias (see Table 2.1, Appendix 2.3). The ROBINS-I tool (Risk Of 

Bias In Non-randomized Studies - of Interventions) (Sterne et al., 2016) was used to 

assess the risk of bias present in non-randomized and single-arm intervention studies 

(see Table 2.2 in Appendix 2.3). ROBINS-I was developed in 2016 to guide 
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judgements on potential sources of bias in non-randomized interventions across a 

range of domains, where the Cochrane Risk of Bias tool does not coherently fit (due 

to lack of randomization).  

2.4 Results 

2.4.1 Search Results 

Initial searching for studies examining the effect of oral rehabilitation coupled with 

dietary intervention was conducted on 6th July 2017.  At that stage, 8,305 possible 

studies were retrieved and following the removal of duplicates a total of 7,997 studies 

remained for assessment. Of these, 27 full texts were assessed according to the 

predefined assessment criteria. Six studies were deemed eligible for inclusion in the 

review at this stage. The search was updated on the 13th July 2018 to cover the period 

July 2017- July 2018 in order to have the most up to date findings for publication of 

the systematic review. This search update identified a further 753 individual studies, 

of which three met the inclusion criteria after full text review (total full text reviews 

original search plus update n=30), giving nine eligible studies. The findings of this 

systematic review were published at this stage of the search. However a final update 

was conducted on the 5th July 2019 to cover the period of July 2018- July 2019 for 

the purpose of this thesis chapter (Mcgowan et al., 2019). Although a further 713 

studies were identified and five met the inclusion criteria after full text review, no 

further studies were included. A total of 9,463 studies were searched overall but only 

nine studies matched the eligibility criteria for inclusion in the review overall. Full 

details of the search and review process are presented in the PRISMA flowchart 

including reasons for exclusion (Figure 2.1).
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Figure 2.1: PRISMA Flow Diagram  
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2.4.2 Characteristics of Included Studies 

Of the nine papers included in the review, two reported differing diet and nutrition 

outcomes from the same RCT leaving both articles eligible for inclusion (Amagai et 

al., 2017; Suzuki et al., 2018). Therefore, eight separate studies were reported upon, 

involving data from 526 participants. Studies predominantly aimed to improve the diet 

and nutritional status of edentulous older adults using complete dentures (CD) as the 

form of oral rehabilitation (Olivier et al., 1995; Bradbury et al., 2006; Moynihan et al., 

2012; Prakash et al., 2012; Bartlett et al., 2013; Amagai et al., 2017; Suzuki et al., 

2018) except in two instances; one where participants were described as partially 

dentate (Nabeshima et al., 2018), and another where participants had a severely 

reduced dentition (Wöstmann et al., 2016).    

Three papers reported outcomes drawn from two RCTs (Bradbury et al., 2006; 

Amagai et al., 2017; Suzuki et al., 2018); one paper reported a two-cohort prospective 

parallel dietary intervention study (comparing the same dietary intervention across 

two groups with different forms of oral rehabilitation) (Moynihan et al., 2012), and the 

remaining five studies were identified as single-arm before and after intervention 

studies, with no control/comparator group (Olivier et al., 1995; Prakash et al., 2012; 

Bartlett et al., 2013; Wöstmann et al., 2016; Nabeshima et al., 2018). The results are 

presented within these differing strength of evidence categories following a short 

summary of study characteristics overall in Table 2.1. 
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Table 2.1. Included Studies Grouped By Study Design: Methodology and Risk Of Bias 

 Study 

population 

Intervention 

details 

Primary outcome; 

assessment method 

Comparator Statistical test RoB RoB 

Considerations 

RCTs 

Suzuki et 

al.β 2017  

Edentulous 

adults; aged 

77.0y [IG 

75.3y); CG 

78.6y; equal 

split M 

(n=31)/F 

(n=31) 

seeking 

replacemen

t CD   

Simple 

dietary 

advice based 

on a uniform 

pamphlet 

delivered in 2 

x 20-min 

one-on-one 

advice 

sessions with 

a dentist 

Protein intake; 

calculated from the 

responses on the 

brief-type self-

administered diet 

history questionnaire 

(BDHQ). The 

validated BDHQ 

comprised four pages 

with 75 questions 

assessing dietary 

habits during the past 

1 month; 55 questions 

related to food 

consumption and 17 

to cooking and dietary 

behaviours 

Denture 

advice only 

Between-group 

comparisons of 

food intake at 

baseline and 3-

month 

assessment 

performed using 

Mann-Whitney 

test (focus on 

nutrients) 

Low Incomplete 

blinding;  

self-reported 

dietary intake; 

levels of nutrient 

intakes met 

recommended 

levels at baseline 

for both groups 

 

Amagai et 

al. β 2017  

As reported 

above 

Suzuki et al. 

As reported 

above Suzuki 

et al. 

As reported above 

Suzuki et al. 

As reported 

above Suzuki 

et al. 

Between-group 

comparisons of 

food intake at 

baseline and 3-

month 

assessment 

performed using 

Mann-Whitney 

Low As reported 

above Suzuki et 

al. 
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Table 2.1. Included Studies Grouped By Study Design: Methodology and Risk Of Bias 

 Study 

population 

Intervention 

details 

Primary outcome; 

assessment method 

Comparator Statistical test RoB RoB 

Considerations 

test (focus on 

food groups) 

Bradbury et 

al. 2006] 

Edentulous 

adults; aged 

65.4y IG; 

66.6y CG;  

30 IG (F 

n=20; M 

n=10); 28 

CG (F 

n=13; M 

n=15) 

requiring 

replacemen

t CD 

Two face-to-

face sessions 

with a 

nutritionist 

(same one). 

Tailored 

discussion 

and tailored 

written 

package 

given at 2nd 

session 

F/V intake;  

assessed via a 3-day 

estimated food diary 

(two consecutive 

weekdays and one 

weekend day) 

day) and a baseline 

questionnaire to 

assess perceived 

chewing 

ability, Stage of 

Change, and socio-

demographic 

variables 

Standard 

care (denture 

advice only) 

Intervention 

effect on F/V 

intake after 7-

wks assessed 

by ANCOVA 

adjusted for 

baseline intake 

and perceived 

chewing ability 

with 

replacement 

dentures 

Low Incomplete 

blinding 

(participants 

inevitably 

mentioned 

grouping to 

evaluator);  

self-reported 

dietary intake 

TWO-COHORT PROSPECTIVE PARALLEL GROUPS STUDY 

Moynihan 

et al. 2012  

Edentulous 

adults; pre-

existing IOD 

wearers 

(n=28; F 

n=20, M 

n=8) or CD 

wearers 

(n=26; F 

n=18, M 

Two 

individual 

counselling 

sessions with 

(the same) 

community 

nutrition 

assistant, 

and an 

individually 

F/V intake;  

assessed via a 3-day 

estimated food diary 

(two consecutive 

weekdays and one 

weekend day); also a 

5ml blood sample 

 

CD group 

compared 

against IOD 

group – same 

dietary 

advice both 

groups 

Intervention 

effect on 

nutrients, F/V 

and plasma 

biomarkers of 

antioxidant 

status at 3 and 

6 months from 

baseline 

assessed by 

High Age of 

participants in CD 

group significantly 

older than IOD 

group;  

non-randomized; 

high attrition rate 

and different 

between groups 
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Table 2.1. Included Studies Grouped By Study Design: Methodology and Risk Of Bias 

 Study 

population 

Intervention 

details 

Primary outcome; 

assessment method 

Comparator Statistical test RoB RoB 

Considerations 

n=8); aged 

66.3y IOD; 

72.5y CD 

tailored 

nutrition 

education 

package 

(discussed 

and written at 

2nd session) 

guided by 

responses on 

a 16-item 

tailoring 

questionnaire 

 

ANCOVA 

adjusted for 

baseline intake 

and age 

SINGLE-ARM, NON-CONTROLLED BEFORE AND AFTER STUDIES 

Bartlett et 

al. 2013 

Edentulous 

adults 

wearing CD 

>1year; 

aged 55–

84y; mean 

73.9y; M 

n=13 & F 

n=22 

 

Participants 

asked to read 

two printed 

pamphlets 

providing 

information 

on healthy 

diets (no 

tailoring); and 

shown how 

to use a 

denture 

adhesive & 

Nutrient intake and 

F/V servings;  

Health Equality Audit 

(HEA) computer-

based questionnaire 

which estimates the 

intake levels of a 

range of food and 

drinks 

None Within-subject 

change from 

baseline using 

one-sample t-

test and a 

Wilcoxon signed 

rank test for 

those which 

violated 

parametric 

assumptions 

High Focus on use of 

denture adhesive; 

primary outcome 

not clearly 

specified; unclear 

whether 

nutritional 

outcomes relate 

to dietary advice 

(pamphlets) or 

denture adhesive 
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Table 2.1. Included Studies Grouped By Study Design: Methodology and Risk Of Bias 

 Study 

population 

Intervention 

details 

Primary outcome; 

assessment method 

Comparator Statistical test RoB RoB 

Considerations 

requested to 

use it every 

day for 30 

days 

Wostmann 

et al. 2016  

Partially 

dentate 

adults; 

fewer than 

ten pairs of 

opposing 

natural 

teeth 

(antagonists

) for (new) 

combined 

dental 

implant-

prosthetic 

treatment; F 

n=10 

(62.5y, 7.79 

SD); M 

n=10 (50-

76y)¥ 

One-off 

individually-

tailored 

counseling 

session with 

a dietitian 

based on a 

3-day dietary 

record and 

dietary 

behaviour 

questionnaire 

completed in 

advance 

Pilot study - no 

primary outcome 

identified; measures 

reported included the 

Mini-nutritional 

assessment (MNA), 

anthropometric data 

and 3-day dietary 

record alongside the 

MMS, OHIP-G14, 

masticatory function 

test and fasting blood 

samples 

None Wilcoxon 

matched pairs 

test used for all 

blood 

parameters and 

ordinal data 

(MNA, 

mastication, 

OHIP), and 

Mann-Whitney 

test used for 

group 

differences 

High The high cost of 

implant-prosthetic 

rehabilitation 

meant only those 

of higher socio-

economic status 

(SES) eligible and 

these adults 

typically report 

higher dietary 

quality  

Olivier et al. 

1995  

Edentulous 

adults 

receiving 

Tailored 

dietary 

counselling 

No primary outcome 

identified;  

None Associations 

examined using 

paired t-tests 

High Conducted over 

20 years ago; by 

end of study 
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Table 2.1. Included Studies Grouped By Study Design: Methodology and Risk Of Bias 

 Study 

population 

Intervention 

details 

Primary outcome; 

assessment method 

Comparator Statistical test RoB RoB 

Considerations 

denture 

relining 

(existing 

dentures); 

female only; 

aged 55-

74y, mean 

age 64.9y 

(5.6 SD) 

delivered by 

a dietitian 

focusing on 

increased 

fibre intake, 

using data 

from a food 

diary to 

identify 

problem 

areas and 

treatment 

strategies  

outcome measures 

reported included: a 

1-month recall FFQ, 

chewing ability (Kapur 

score) and 

masticatory abilities 

using the Swallowing 

threshold test index 

(STTI) 

(means) and 

McNemar chi 

square for 

proportions 

chewing ability 

remained below 

functional levels 

Prakash et 

al. 2011  

Edentulous 

adults; 

requiring 

first set 

complete 

dentures 

(new); aged 

50-80y ¥ 

During the 

complete 

denture 

treatment, 

participants 

were 

explained the 

importance of 

a well-

balanced diet 

and the 

benefits of 

regular 

nutritional 

Nutritional status; 

measured by the MNA 

None Individual item 

scores and 

overall MNA 

scores 

compared using 

chi square 

High  Poorly reported 

study;  

little intervention 

detail;  

limited outcome 

reporting 
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Table 2.1. Included Studies Grouped By Study Design: Methodology and Risk Of Bias 

 Study 

population 

Intervention 

details 

Primary outcome; 

assessment method 

Comparator Statistical test RoB RoB 

Considerations 

status 

assessment 

Nabeshima 

et al. 2018  

Partially 

dentate 

adults; for 

definitive 

RPDs; M 

n=13, F 

n=25, mean 

age 73.2y 

(7.7 SD)   

Two face-to-

face 20 

minutes 

basic dietary 

counselling 

sessions with 

a dentist 

(same one). 

Tailored 

discussion 

and custom 

13-page 

leaflet given 

based on diet 

information 

collected at 

previous time 

point 

Vegetable intake; 

calculated from the 

responses on the  

BDHQ. The validated 

BDHQ comprised 80 

questions assessing 

frequency of 

consumption of 

selected foods, daily 

dietary habits and 

cooking procedures 

None Scores 

compared 

across time 

points 

using a linear 

mixed model 

analysis with 

post hoc 

Bonferroni’s 

correction  

(including 

subgroup 

analyses for 

those with/ 

without 

occlusal units 

(OUs) of 

remaining teeth; 

multivariate 

linear 

regression to 

estimate the 

effect of OUs on 

dietary intake 

and multiple 

High Unclear as to 

whether 

participants had 

been using RPDs 

before definitive 

fitting in this 

study; significant 

increases in self-

reported nutrients 

don’t match 

objective 

hematological 

markers; 

perceived 

chewing ability 

(CA) did not 

increase despite 

objective 

masticatory 

improvements; 

two groups 

reported on – one 

total participants 

and one 
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Table 2.1. Included Studies Grouped By Study Design: Methodology and Risk Of Bias 

 Study 

population 

Intervention 

details 

Primary outcome; 

assessment method 

Comparator Statistical test RoB RoB 

Considerations 

logistic 

regression to 

identify 

predictors of 

vegetable 

consumption 

subgroup with 

OUs  

βSame RCT with differing diet/nutritional outcomes reported across two papers. ¥Only data/information available. 

CA – chewing ability; CD – complete (conventional) dentures; CG – control group; FFQ – food frequency questionnaire; HEA – health 

equality audit; IG – intervention group; IODs – implant-supported mandibular overdentures; M – male; F – female; MNA – Mini 

Nutritional Assessment; MMS – Mini Mental State; OHIP-G14 – Oral Health Impact Profile (German 14 item version); OUs – occlusal 

units; RoB – risk of Bias; RPDs – removable partial dentures; STTI – Swallowing Threshold Test Index; SES – socio-economic status    
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2.4.2.1 Overall Summary 

Participants recruited to the studies were edentulous except for those in the single-

arm studies by Wostmann et al. (2016) (inclusion criteria was fewer than ten pairs of 

opposing natural teeth (antagonists) and required new (first-time) fixed or removable 

prostheses) (Wöstmann et al. 2016), and Nabeshima et al. (2018) (participants 

received definitive removable partial dentures (RPDs), and had an average of 16.6 

(5.5 SD) teeth remaining) (Nabeshima et al., 2018). One study purposefully recruited 

edentulous adults requiring their first set of CD (Prakash et al., 2012); another 

recruited participants who had their prosthesis made between 3 months and less than 

5 years (Moynihan et al., 2012); and across all other studies participants were eligible 

if edentulous for at least one year (thus existing CD users). The majority of 

participants were female (one study was female-only (Olivier et al., 1995); in one 

study sex ratio was unreported (Prakash et al., 2012); with only the most recent 

studies reporting an even sex ratio (Wöstmann et al., 2016; Amagai et al., 2017; 

Suzuki et al., 2018). Age of participants ranged from 50 – 80 years (median age 72.5 

years). 

Sample sizes for included studies were small. In the single-arm (before/after studies) 

sample sizes ranged from n=20 to n=94 participants (Olivier et al., 1995; Prakash et 

al., 2012; Bartlett et al., 2013; Wöstmann et al., 2016; Nabeshima et al., 2018). The 

parallel groups cohort study (Moynihan et al. 2012) reported 54 completers (n=26 in 

the complete (conventional) dentures group [CD] and n=28 in the implant-supported 

overdentures group [IOD]), with the RCTs reporting final sample sizes of n=62 (n=31 

intervention; n=31 control) (Amagai et al., 2017; Suzuki et al., 2018) and n=58 (n=30 

intervention and n=28 control) (Bradbury et al., 2006); with equal attrition reported 

across study arms for the RCTs. 

The majority of studies identified were published within the past 10 years (Moynihan 

et al., 2012; Prakash et al., 2012; Bartlett et al., 2013; Wöstmann et al., 2016; Amagai 

et al., 2017; Nabeshima et al., 2018; Suzuki et al., 2018) and all studies identified 

reported at least one positive diet/nutritional finding. The most recent RCT conducted 

in Japan was published in 2017 (reported across two papers (Amagai et al., 2017; 

Suzuki et al., 2018)); the other RCT conducted in England was published in 2006 

(Bradbury et al., 2006); the single-arm pilot studies drawn from India (Prakash et al., 

2012), England (Bartlett et al., 2013), Germany (Wöstmann et al., 2016) and Japan 

(Nabeshima et al., 2018) were published in 2011, 2013, 2016 and 2018 respectively, 

and the parallel-groups cohort study conducted in England was published in 2012 
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(Moynihan et al., 2012). The oldest data came from a single-arm, female only study 

conducted in Canada, published in 1995 (Olivier et al., 1995). 

2.4.3 Randomized Controlled Trials 

2.4.3.1 Included Studies (Bradbury et al., 2006; Amagai et al., 2017; Suzuki et 

al., 2018) 

Details of the three studies reporting RCT evidence are given in Table 2.1. One RCT 

(reported across two papers) sought to clarify the effect of CD (replacement) 

treatment in combination with simple dietary advice on food intake among elderly 

Japanese edentulous participants (Amagai et al., 2017; Suzuki et al., 2018). The 

dietary intervention involved two 20 minute one-to-one sessions with a dentist and 

focused on simple dietary advice, with participants followed up at three months. The 

RCT by Bradbury et al. (2006) aimed to evaluate the effectiveness of a theory-based, 

tailored nutrition intervention delivered by a trained nutritionist, to increase the F/V 

intake of edentulous participants receiving replacement CD after 6 weeks follow-up. 

Both RCTs involved delivery of two nutrition-related sessions over the intervention 

timeframe and primary outcomes related to weight of F/V consumed (as measured 

by three-day food diaries (Bradbury et al., 2006); or protein intake assessed via a 

validated self-reported questionnaire (Brief Diet History Questionnaire (Amagai et al., 

2017; Suzuki et al., 2018)). 

2.4.3.2 Findings – Diet/nutrition outcomes 

Both RCTs reported improvements in at least one area of diet/nutrient intake post-

intervention based on self-reported patient outcomes, i.e., food diaries or 

questionnaires (see Table 2.2). The RCT reported by Suzuki et al. (2017) and Amagai 

et al. (2017) was powered to detect a change in protein intake. Findings reported by 

Suzuki et al. focused on nutrient intakes, illustrating that protein intake in the dietary 

intervention group significantly increased compared with that in the denture care 

control group at three months post-treatment (p = 0.001), alongside a number of other 

key nutrients in a positive direction (see Table 2.2), whereas Amagai et al. (2017) 

reported on food groups. There were no reported differences in food intake between 

the two groups at baseline; however, at the 3-month assessment, the dietary 

intervention group showed significantly greater intake of chicken and fish (with bones) 

(in line with protein as primary outcome), and carrots and pumpkins compared to the 

control group (see Table 2.2) (Amagai et al., 2017). No other food or drinks showed 

a significant change. 
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

RCTs 

Suzuki et 

al.β 2017 

BMI status: 

overall 

sample 

mean BMI 

22.9 (4.1 

SD); [CG 

mean 22.8 

(4.1 SD); IG 

mean 23.0 

(4.2 SD)]  

Mastication 

and shearing 

ability 

measured 

objectively 

using 

coloured 

chewing gum 

and a gummy 

jelly test 

Levels of shearing ability were 

low in both groups at baseline; 

shearing ability CG=1.0 (4.0 

SD); IG=2.0 (4.0 SD) range 0-

10, 0=poor shearing. 

Improvements only noted for IG 

for shearing. Within-group 

improvements for mixing ability 

from baseline to 3 months (CG 

84.1 (38.6 SD) to 95.7 (36.0 

SD); IG 83.0 (36.0 SD) to 105.0 

(30.5 SD) 

Diet history 

questionnaire 

(BDHQ)  

Intakes of protein (p = 0.001), lipid 

(p = 0.041), sodium (p = 0.013), 

potassium (p = 0.007), magnesium 

(p  = 0.001), phosphorus (p = 

0.001), iron (p = 0.011), zinc (p = 

0.001), vitamin B1 (p = 0.004), 

vitamin B2 (p = 0.027), vitamin B6 

(p =0.002), niacin (p = 0.002), folic 

acid (p= 0.031), and pantothenic 

acid (p =  0.001) significantly 

increased in the IG compared with 

the CG at 3-months 

Amagai et 

al. β 2017  

BMI status: 

overall 

sample 

mean BMI 

22.9 (4.1 

SD); [CG 

mean 22.8 

(4.1 SD); IG 

mean 23.0 

(4.2 SD)]  

OHRQoL 

was 

measured 

using the 

Japanese 

version of the  

OHIP-

EDENT-J (19 

items 

assessing 

No significant 

differences in the OHIP-EDENT-

J scores at baseline or 3-month 

assessment between-groups. 

Both groups saw significant 

improvements in total score 

post-intervention.  

IG sig improvements in 6/7 

domains: functional limitation (P 

= 0.003), physical pain (P = 

Diet history 

questionnaire 

(BDHQ)  

At baseline, there was no 

significant difference in the food 

intake between the two groups.  

At the 3-month assessment, the 

IG showed significantly greater 

intake of chicken (P=0.013), fish 

with bones (P =0.012), and carrots 

and pumpkins (P =0.025) 

compared to the CG.  
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

patient 

reported 

dysfunction, 

discomfort, 

and disability 

associated 

with oral 

conditions) 

0.042), psychological discomfort 

(P < 0.001), physical disability 

(P= 0.013), psychological 

disability (P = 0.006), and 

handicap (P = 0.026).  

CG sig improvements in 3/7 

domains: functional 

limitation (P < 0.001), physical 

pain (P= 0.002), and 

psychological 

discomfort (P < 0.001) 

No other food or drinks showed a 

significant change 

Bradbury 

et al. 2006 

BMI status: 

IG mean 

BMI 27.4 

(3.5 SD); 

CG 26.1 

(3.3 SD) 

Chewing 

ability was 

assessed via 

5 items from 

the oral 

health 

component of 

the National 

Diet and 

Nutrition 

Survey 

(Steele et al., 

Perceived chewing ability post-

insertion of replacement 

dentures improved for both IG & 

CG but was not significantly 

different between groups 

(P=0.269)  

3-day food 

diary  

IG had a greater increase in total 

F/V consumption (+209 g/d) than 

the CG (+26 g/d) (P = 0.001);  

IG met recommended levels at FU.  

At baseline, 77% of the IG and 

72% of the CG consumed some 

fruit during the 3-day diary. This 

increased at FU to 97% in the IG ( 

2 = 9.768, df = 1, P = 0.002);  

CG remained unchanged at 68% (2 

= 0.000, df = 1, P = 1.000).  
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

1998) Energy and macronutrient intakes 

were not significantly different 

between groups at FU;         

significant increases were noted for 

the IG regarding Vitamin C (15.57 

mg/MJ vs. 8.50 mg/MJ, P < 

0.0005) and  β-carotene (464.27  

g/MJ vs. 297.58  g/MJ, P = 0.036) 

TWO-COHORT PROSPECTIVE PARALLEL GROUPS STUDY 

Moynihan 

et al. 2012  

Good 

general 

health – 

stated as 

inclusion 

criteria, no 

further 

details 

Self-reported 

via two 

measures;     

1-denture 

satisfaction 

questionnaire 

using a 

100mm 

visual 

analogue 

scale;  

2- a single-

item for 

perceived 

Mean chewing ability scores for 

the IOD group were 79 (31.4 

SD), 76 (27.1 SD) and 80.0 

(28.2 SD) for baseline, 3-, & 6-

months respectively. 

Corresponding scores for the 

CD group were 66.7 (37.0 SD), 

69.2 (34.5 SD) and 58.7 (36.0 

SD). No significant differences 

were found between groups at 

baseline or 3-months;  

at 6-months perceived chewing 

difficulty was significantly less in 

the IOD group (P = 0.031) 

3-day 

estimated 

food diary 

and blood 

sample 

At baseline, IOD group had a 

significantly higher intake of 

energy, F/V and NSP and higher 

serum antioxidant capacity 

(adjusted for in 3- & 6-month 

analyses).  

At 3-months both groups increased 

F/V, average increase of 87g/d for 

IOD group (P = 0.002, CI 35–138 

g/d), and 54g/d for CD group (P = 

0.04, CI 2–106 g/d), and increases 

persisted for both groups at 6-

months; no significant between-
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

chewing 

difficulty   

group differences at 3- or 6-

months.  

IOD group had significantly 

reduced % energy intake from 

saturated fatty acids compared to 

CD group at 3-months (P = 0.004) 

and higher % energy from NSP at 

3 months (P = 0.04), which was 

significantly different from CD 

group (P = 0.002) at 3-months, but 

not 6-months.  

Serum antioxidant status improved 

in both groups, IOD group showed 

significantly greater improvements 

at both 3- & 6-months (P = 0.002) 

and (P < 0.001) respectively.  

Plasma δ-tocopherol was 

significantly higher in the IOD 

group compared to CD group at 3-

months (P <0.001), there were no 

other between-group differences in 

biomarkers given both groups 

showed improvements over time 
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

SINGLE-ARM, NON-CONTROLLED BEFORE AND AFTER STUDIES 

Bartlett et 

al. 2013  

Good 

medical and 

mental 

health – 

stated as 

inclusion 

criteria, no 

further 

details 

Self-reported 

NDNS items 

relating to 

ease or 

difficulty 

eating a 

range of soft 

and hard 

foods;  

OHIP-Edent 

There was a statistically 

significant improvement in ability 

to bite (P = 0.0175) and chew (P 

= 0.0074) foods over 30 days 

(assessed via NDNS). Ability to 

eat tomatoes and well done 

steak increased significantly, 

other foods did not.  

There was a significant 

improvement in OHIP overall 

score, and in 5 of the 7 

functional domains 

HEA3 – diet 

history 

questionnaire 

F/V servings p/day increased 

significantly (2.2 to 3.6 servings 

p/day (P<0.0001)).  

Consumption of total fat p/day was 

reduced significantly (83.6g to 

60.5g) and saturated fat (33.5g to 

22.2g), (P<0.0001 for both).  

Vitamin C intake p/day increased 

significantly (70.5mg to 102.2mg) 

(P<0.0001).  

No significant changes observed 

for protein or starchy food intake  

Wostmann 

et al. 2016  

BMI status: 

mean BMI 

26.8 (4.9 

SD) 

OHIP-G14; 

masticatory 

function 

chewing test 

(carrot cube) 

OHRQoL (OHIP) improved 

significantly (P<0.001) for all 

participants and overall, 

alongside chewing efficiency 

improvements (P<0.001) after 

implant-prosthetic rehabilitation 

at 6-months.  

No further improvements were 

seen at 12-months 

MNA, 

anthropo-

metric data 

and 3-day 

dietary 

record, blood 

samples 

No significant changes regarding 

BMI, energy intake (kcal) or MNA 

score at 6- or 12-months.  

Significant increases reported for 

cholinesterase (P = 0.012) and 

ferritin (P = 0.003) at 6-months, a 

significant reduction in Vitamin A (P 

= 0.004) at 6-months, plus folic 

acid significantly decreased from 6-

12 months (P = 0.019).  
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

No other laboratory parameter 

changed significantly during the 

investigation period.  

No change in nutrient intake or 

food choice (p>0.05) was 

observed, and no significant 

difference in MNA scores 

Olivier et 

al. 1995  

No 

information  

Masticatory 

performance 

assessed 

using the 

STTI 

(Swallowing 

Threshold 

Test Index);  

self-report 

chewing 

ability index 

(5 items) 

Mean STTI score significantly 

increased at 3-weeks and at 6-9 

months after denture relining by 

37% and 31% respectively - 

STTI score baseline=42 (SD 

18.6), mid-term=57.7 (SD 24.6); 

baseline=41.9 (SD 18.7), 

final=54.7 (20 SD);  

chewing ability index scores 

significantly increased from 2.5 

(SD 1.2) baseline to 2.8 (SD 

1.9) at mid-term (NS), and 3.4 

(SD 1.4) at 6-9 month FU 

(p<0.005);  

scores seldom reached 

functional levels 

FFQ (past 

month) and 

medical 

questionnaire 

covering 

digestive 

history 

Fibre intake from vegetables 

significantly increased by 18% 

(p<0.05); fibre from other sources 

e.g. breads/cereals, nuts/legumes 

did not significantly increase;  

colonic and gastrointestinal 

symptoms were reduced by 81% 

(p<0.01) and 56% respectively 

(p<0.05) 
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

Prakash et 

al. 2011  

No 

information 

1-item 

regarding 

chewing and 

swallowing 

difficulty from 

the MNA 

Most participants perceived 

better chewing ability and better 

appetite following prosthetic 

rehabilitation¥ 

MNA Results showed statistically 

significant increases in total MNA 

scores from baseline (mean 25.1), 

to 6 months (mean 27.0) and 9 

months (mean 27.5) ¥.  

Edentulous participants without 

complete dentures had significantly 

lower MNA scores. 

At the baseline, 16 of 94 

participants (17%) were at risk of 

undernutrition and 78 participants 

(83%) were well nourished.  

At 6 months, 2 of 88 participants 

(2.3%) were at risk of 

undernutrition and 86 participants 

(97.7%) were well nourished. At 9 

months, 85 remaining participants 

were well nourished (100% of 

completers) ¥ 

Nabeshima 

et al. 2018  

BMI status: 

mean BMI 

22.5 (3.8 

SD) 

Biting force 

(MBF) 

measured via 

Mean MBF was significantly 

greater at T1 and T3 (versus T0) 

in those with no OUs, and at T1 

across all participants (P<0.05). 

Diet history 

questionnaire 

(BDHQ) 

Results showed statistically 

significant increases in vegetable 

intake, dairy products and α- and β-

carotene (as measured by BDHQ) 
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

a pressure-

sensitive film 

to indicate 

maximal 

biting force 

(MBF); 

objective 

masticatory 

performance 

using the 

multiple 

sieving 

method 

(peanuts); 

patient 

perceptions 

of chewing 

ability (CA) of 

20 foods  

Mean objective masticatory 

function improved at T3 (versus 

T0) across all participants and in 

the subgroup with OUs 

(P<0.05). Mean CA was 

significantly lower (poorer) at T1 

in the subgroup 

without OUs (P0<0.05) 

across all participants, and in those 

with one or more OUs (subgroup 

analysis).  

No significant changes in plasma 

measured α- and β-carotene or 

vitamin C levels across time points. 

No significant increases in fruit 

intake or any other food group 

assessed over time (although most 

of the sample met 

recommendations for fruit intake at 

baseline).  

Presence of OUs significantly 

predicted greater vegetable intake 

and likelihood of consuming >350g 

per day (target).  

There was a significant correlation 

between objective masticatory 

function and vegetable intake at T3 

(ρ=−0.423, P=.016) - lower 

masticatory score equates to better 

chewing function.   
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Table 2.2: Findings’ Grouped by Study Design: Dental and Diet/Nutrition-Related Outcomes 

 

 

 Health 

status of 

study 

population 

Dental 

assessment 

measure/(s) 

Dental/oral   rehabilitation 

outcome/(s) 

Diet/ 

nutrition 

measure 

Diet/nutritional outcome/(s) 

(primary outcomeα) 

αDiet/nutrition outcomes reported in primary outcomes where no primary outcome was specifically stated in studies. βData from 

same RCT with differing diet/nutritional outcomes reported across two papers.  ¥Only data/information available. 

CA – chewing ability; CD – conventional dentures; CG – control group; FFQ – food frequency questionnaire; IODs – implant-

supported mandibular overdentures; IG – intervention group; M – male; F – female; HEA – health equality audit; MNA – Mini 

Nutritional Assessment; MMS – Mini Mental State; NSP – non-starch polysaccharide; OHRQoL – oral health related quality of life; 

OHIP-EDENT-J - Oral Health Impact Profile (Japanese version); OHIP-G14 – Oral Health Impact Profile (German 14 item version); 

MBF – Maximal biting force; STTI – Swallowing Threshold Test Index; FU – follow-up 
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The RCT reported by Bradbury et al. (2006) showed the dietary intervention group 

had significantly greater increases in total F/V intake and fruit (including fruit juice) 

than the control group (primary outcome). Energy and macronutrient intakes were not 

significantly different between groups at follow-up; regarding micronutrients, vitamin 

C and β-carotene were significantly higher in the intervention group at follow-up (see 

Table 2.2). 

 

2.4.3.3 Findings - Dental Status and Oral Health Outcomes 

Findings from the three RCTs relating to dental status and oral health are displayed 

in Table 2.2. Suzuki and colleagues report that masticatory function (measured 

objectively) was not significantly different between groups at baseline, but 

significantly increased at 3-months post-treatment compared with the baseline in both 

groups (Suzuki et al., 2018). The intervention group showed a significant increase in 

objectively measured shearing ability post-intervention (i.e., ability to crush a food 

object between teeth, in a back and forth motion), not matched by the control group, 

despite oral rehabilitation being matched between groups. 

Amagai et al. (2017) reported that at baseline and at the 3-month assessment, there 

was no significant difference in self-reported OHIP-EDENT-J scores between groups; 

however, the OHIPEDENT-J scores significantly improved for both groups at the 3-

month assessment. There were a greater number of significantly improved 

dimensions of OHIP-EDENT-J in the dietary intervention group than in the denture 

care advice control group at the 3-month assessment (Amagai et al., 2017). The 

dietary intervention group showed significant improvements in six of the seven 

domains; in contrast, the control group showed significant improvements in only three 

domains (Amagai et al., 2017) (see Table 2.2). In the RCT reported by Bradbury et 

al. (2006), perceived chewing ability post-insertion of replacement CD (self-reported 

ability to bite/chew, denture fit and comfort etc.) improved significantly across both 

groups and was not significantly different between groups. 

 

2.4.3.4 Findings – Theoretical Basis, FoD and BCTs 

The Japanese RCT (Amagai et al., 2017; Suzuki et al., 2018) did not report any 

theoretical basis to the dietary intervention (see Table 2.3); the RCT by Bradbury et 

al. (2006) was explicitly based upon the Stages of Change model (Prochaska, 
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DiClemente and Norcross, 1992) and intervention materials were designed to 

address optimistic bias (Weinstein, 1980), i.e. induce discrepancy between current 

behaviour and ideal/recommended intakes for F/V. Both RCTs followed a similar FoD 

(two dietary advice sessions, one at denture try-in and one at final fitting); however, 

dietary advice was individually-tailored based on current intake levels and delivered 

by a nutritionist in the RCT by Bradbury et al., whereas a dentist not involved in the 

clinical aspects of denture fitting delivered the dietary advice based on a uniform 

pamphlet in the Japanese RCT (Amagai et al., 2017; Suzuki et al., 2018).  BCTs 

(identified from the published articles and versions of the pamphlets given to 

participants in each trial) differed between the two RCTs (see Table 2.3 & Appendix 

2.4). In the Japanese RCT intervention group there were five BCTs, focusing mainly 

on information-giving strategies regarding current dietary recommendations and the 

health consequences of poor diet (Amagai et al., 2017; Suzuki et al., 2018). Self-

monitoring charts were also available in the pamphlet which participants may/may not 

have used. In the RCT by Bradbury et al. (2006) eight BCTs were identified, where in 

addition to those BCTs in the Japanese RCT, they included problem-solving, action 

planning and tailored feedback based upon participants’ dietary self-monitoring (food 

diaries and diet questionnaire). 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

RCTs 

Suzuki et 

al.β 2017  

None 

cited  

None cited Diet/ 

denture care 

advice 

conducted 

by a dentist 

who was not 

involved in 

the clinical 

procedure 

Simple dietary 

advice with 

uniform pamphlet 

- participants 

given geriatric 

version of the 

Japanese food 

guide covering 

what and how 

much should be 

eaten in a day – 

visual 

representation of 

a ‘spinning top’; 

content of 

discussion 

unclear 

Dental 

clinic 

2x 

sessions, 

20 

minutes 

each, at 

time of 

CD trial 

and again 

at final 

fitting 

None 

cited 

++2.3: self-

monitoring of 

behaviour (self-

completion 

sheets in leaflet 

for diet 

monitoring - 

unclear if patient 

used this);  

+-2.6: 

biofeedback - 

tool for 

assessing BMI 

in one leaflet but 

not known if 

patient had 

accurate height/ 

weight data nor 

if they used tool;    

+-4.1: instruction 

on how to 

perform the 

behaviour 

(written advice in 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

leaflet, non-

tailored);  

++5.1: 

information 

about health 

consequences 

(written advice in 

leaflet, non-

tailored) 

++9.1: credible 

source 

Amagai et 

al. β 2017  

As 

reported 

above 

Suzuki et 

al. 

As reported 

above Suzuki 

et al. 

As reported 

above 

Suzuki et al. 

As reported 

above Suzuki et 

al. 

As 

reported 

above 

Suzuki et 

al. 

As 

reported 

above 

Suzuki et 

al. 

As 

reported 

above 

Suzuki et 

al. 

As reported 

above Suzuki et 

al. 

Bradbury 

et al. 2006  

Stages of 

Change 

(Prochas-

ka et al., 

1992) and 

Optimistic 

Bias 

(Weinst-

ein, 1980) 

Yes - 

intervention 

messages 

tailored to 

participants 

stage; 

optimistic 

bias/ 

unrealistic 

Nutritionist 

(same one) 

delivered 

both dietary 

counselling 

sessions 

Individually 

tailored written 

nutrition 

education 

package (given 

at 2nd session) 

based on a 16-

item tailoring 

questionnaire 

Dental 

clinic 

2x 

sessions, 

unknown 

duration, 

at time of 

CD trial 

and again 

at final 

fitting 

Yes – 

based on 

individual 

data 

++1.2: problem 

solving (used by 

nutritionist); 

++1.4: action 

planning (used 

by nutritionist; 

unclear if patient 

used this); 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

optimism 

addressed by 

giving 

feedback  on 

actual intake 

compared to 

UK average/ 

suggested 

levels to 

induce 

discrepancy 

as a 

behavioural 

prompt 

covering: 

knowledge of 

diet-disease 

relationships, 

barriers (e.g. 

time/money/ 

chewing 

ability/dietary 

requirements) 

completed at 1st 

session. ≥2 

nutrition 

messages written 

for each question 

(factual/skill-

enhancing 

information) 

based on 

patient's 

characteristics; 

self-completion 

action plan 

included & 6 diet 

self-monitoring 

sheets; 

++1.6: 

discrepancy 

between current 

behaviour and 

goal; ++2.2: 

feedback on 

behaviour; 

++2.3: self-

monitoring of 

behaviour; 

++4.1: 

instruction on 

how to perform 

the behaviour; 

++5.1: 

information 

about health 

consequences; 

++9.1: credible 

source 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

unrealistic 

optimism 

discussion 

regarding F/V  

TWO-COHORT PROSPECTIVE PARALLEL GROUPS STUDY 

Moynihan 

et al. 2012  

None 

cited 

Same 

intervention 

design as 

reported 

above 

Bradbury et 

al. 

Community 

nutrition 

assistant 

(same one) 

delivered 

both dietary 

counselling 

sessions 

Same 

intervention 

design as 

reported above 

Bradbury et al. 

Not clear 2x 

sessions, 

unknown 

duration, 

timing of 

sessions 

and time 

between 

sessions 

unclear 

Yes - 

based on 

individual 

data 

Same 

intervention 

design as 

reported above 

Bradbury et al. 

SINGLE-ARM, NON-CONTROLLED BEFORE AND AFTER STUDIES 

Bartlett et 

al. 2013  

None 

cited 

None cited  One 

previously 

trained 

examiner - 

no detail on 

training/ 

professional 

background 

Examiner 

assisted with 

computer-based 

diet history 

questionnaire, 

NDNS items and 

OHIP-Edent; 

demonstrated 

denture 

Guy’s 

Dental 

hospital 

1-single 

session, 

unknown 

duration; 

following 

clinical 

exam to 

ensure 

suitability 

No +-2.6: 

biofeedback - 

tool for 

assessing BMI 

in one leaflet but 

not known if 

patient had 

accurate height/ 

weight data nor 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

adhesive; gave 

patient 2 healthy 

eating leaflets 

and asked them 

to read 

if they used tool;   

++4.1: 

instruction on 

how to perform 

the behaviour 

(written advice in 

leaflet, non-

tailored);  

++5.1: 

information 

about health 

consequences 

(written advice in 

leaflet, non-

tailored); 

++6.1: 

demonstration of 

the behaviour 

(relating to 

denture 

adhesive use 

only) 

Wostmann 

et al. 2016  

None 

cited 

None cited  Dietitian Individual 

counselling 

based on data 

Justus-

Liebig 

University 

Unclear if 

1-single 

session; 

Yes - 

based on 

+-1.6: 

discrepancy 

between current 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

from 3-day diet 

record and 

dietary behaviour 

questionnaire 

completed in 

advance 

unknown 

duration; 

6-months 

after oral 

rehab 

individual 

data 

behaviour and 

goal; 

++2.2: feedback 

on behaviour;          

++2.3: self-

monitoring of 

behaviour; 

+-5.1: 

information 

about health 

consequences; 

++9.1: credible 

source 

Olivier et 

al. 1995  

None 

cited 

None cited  A trained 

dietitian 

Therapeutic 

dietary 

counselling 

tailored to 

specific state of 

health; focus on 

increasing fibre 

intake; dietitian 

identified 

problems & 

treatment 

strategies; 

Dental 

clinic 

Not clear, 

assumed 

single-

session 

Yes – 

based on 

data from 

a food 

diary 

++1.2: problem 

solving (used by 

dietitian); 

++1.4: action 

planning (used 

by dietitian); 

++1.6: 

discrepancy 

between current 

behaviour and 

goals; 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

suggestions 

included teaching 

new healthy 

dietary habits 

(e.g. eat slowly/ 

drink liquids/ 

lower fat intake), 

or new food 

preparation 

methods, or 

advising on meal 

pattern (i.e. small 

frequent meals) 

& high-fibre 

swaps   

++2.2: feedback 

on behaviour; 

++2.3: self-

monitoring of 

behaviour; 

++4.1: 

instruction on 

how to perform 

the behaviour;  

+-5.1: 

information 

about health 

consequences; 

++8.2: behaviour 

substitution 

++9.1: credible 

source 

Prakash et 

al. 2011  

None 

cited 

None cited Unclear Participants were 

explained the 

importance of a 

well-balanced 

diet and the 

benefits of 

regular nutritional 

Dental 

hospital 

1-off 

advice; 

duration 

of advice 

session 

unclear; 

given at 

CD fitting 

No ++5.1: 

information on 

health 

consequences 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

status 

assessment  

Nabeshima 

et al. 2018  

None 

cited  

None cited One dentist Intervention 

based upon 

Bradbury et al. 

2006 (theory-

based);  

delivered by a 

dentist in this 

study. Dentist 

encouraged F/V 

intake and 

recommended a 

well-balanced 

diet. Dentist gave 

participants a 13-

page customized 

leaflet indicating 

their current food 

intake and 

recommended 

levels. At second 

session 

participants given 

feedback on diet 

Dental 

hospital 

2x20 

minute 

one-to-

one 

sessions - 

first at 

final 

RPDs 

treatment 

and one a 

week after 

the one 

month 

(T1) 

follow-up 

Yes  Although 

reportedly based 

upon the 

intervention 

design of 

Bradbury et al. 

2006, not all 

original BCTs 

were identifiable 

from this paper.  

++1.6: 

discrepancy 

between current 

behaviour and 

goal; ++2.2: 

feedback on 

behaviour; 

++4.1: 

instruction on 

how to perform 

the behaviour; 

++5.1: 

information 
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Table 2.3:  Findings’ Grouped by Study Design: Theoretical Basis, Intervention Content, Form of Delivery and Identifiable 

BCTs 

 Theory? Theory in 

design/ 

evaluation? 

FoD: Who 

delivered 

it? 

FoD: What did it 

involve? 

FoD: 

Where? 

FoD: 

When; 

dose? 

FoD: 

Tailor? 

Identifiable 

BCTsπ 

changes from 

entry to T1, thus 

content differed 

slightly at second 

session   

about health 

consequences; 

++9.1: credible 

source 

βData from same RCT with differing diet/nutritional outcomes reported across two papers. 

BCTs identified from peer-reviewed publication and/or supporting intervention material where available online, using the BCT 

Taxonomy v1 93-item hierarchically clustered taxonomy 

π++ - Confident BCT present; +- BCT possibly present but unclear; also BCT relates to patient enacting the BCT unless otherwise 

specified; instances where BCT present as a tool or strategy but unclear if patient used/enacted this are noted in the text.. 

BCT  - behaviour change technique; CD – complete dentures; CG – control group; FoD – form of delivery; IG – intervention group; M 

– male, F – female; NDNS items – National Diet and Nutrition Survey items relating to ability to bite/chew a range of foods; OHIP-

Edent - Oral Health Impact Profile questionnaire (Edentulous version) 
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2.4.3.5 Assessment of Bias 

RoB ratings for the RCTs varied across the domains of assessment (see Table 2.1 

and Appendix 2.3). Selection bias was possible in the RCT by Bradbury et al., (2006) 

as despite randomization, only patients already attending dental-student clinics were 

invited to participate. For the Japanese RCT a variety of approaches to recruitment 

were used including reviewing dental records, placing advertisements in geriatric 

magazines/websites, posters and flyers in the dental hospital (Amagai et al., 2017; 

Suzuki et al., 2018). Performance bias was possible in this latter RCT as the dietary 

advice was delivered by one of two dentists, with no detail on provided their level of 

dietetics/nutrition training. Detection bias was possible given the incomplete nature of 

blinding in both RCTs; as for example, it was reported that despite efforts to blind, 

participants inevitably disclosed their allocation to evaluators (Bradbury et al., 2006); 

and, that the same researchers delivering the intervention advice sessions analysed 

the results (Amagai et al., 2017; Suzuki et al., 2018). Attrition bias risk was low for 

both RCTs, as moderate, equal attrition from study arms was reported (approximately 

12% attrition in each arm (Bradbury et al., 2006); 11.4% attrition each arm (Amagai 

et al., 2017; Suzuki et al., 2018), with detail on reasons for drop-out relating to lack of 

interest or development of disease. Risk of reporting bias was considered high in the 

RCT by Bradbury et al. (2006) as the trial was not registered, with no protocol 

available. Therefore, despite inclusion of reporting on non-significant outcomes, it is 

unclear as to whether the primary outcome matched original intentions. Low reporting 

bias was found in the Japanese RCT as the trial was registered and a published 

protocol detailing the primary outcome was available, which matched outcome 

reporting in both papers (Amagai et al., 2017; Suzuki et al., 2018).         

 

2.4.4 Two-cohort Prospective Parallel Groups Studies 

2.4.4.1 Included Studies (Moynihan et al., 2012) 

Only one study followed this type of design (see Table 2.1 for methodological details). 

Moynihan et al. (2012) sought to test the effect of tailored dietary advice (delivered 

by a community nutrition assistant) across two groups of participants with differing 

pre-existing forms of oral rehabilitation (CD and IODs). The intervention design 

followed that of the Bradbury et al. (2006) RCT; the primary outcome related to F/V 

intake and blood samples were included to examine plasma biomarkers of antioxidant 

status.  
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2.4.4.2 Findings – Diet/nutrition Outcomes 

No significant difference was reported in relation to the primary outcome of F/V 

between-groups as both groups increased their F/V intake (grams per day) from 

baseline at both three and six months (trend for greater gains in g/day for the IOD 

group) (see Table 2.2) (Moynihan et al., 2012). The IOD group reported a significant 

reduction in percentage energy obtained from saturated fat compared to the CD group 

at three months not sustained at six months, and although serum antioxidant levels 

improved for both groups, the IOD group showed significantly greater improvements 

at all time-points (measured by FRAP (ferric-reducing antioxidant power) and TEAC 

(trolox equivalent antioxidant capacity) methods) (Moynihan et al., 2012).    

 

2.4.4.3 Findings - Dental Status and Oral Health Outcomes 

There was an overall trend for perceived chewing ability (self-reported) to be lower 

for the CD group versus the IOD group at baseline and 3-month follow-up; however, 

this difference only reached statistical significance at 6-month follow-up (Moynihan et 

al., 2012).  

 

2.4.4.4 Findings – Theoretical Basis, FoD and BCTs 

This dietary intervention followed the same format (though different patient group) as 

Bradbury et al. (2006). It was explicitly based upon the Stages of Change model 

(Prochaska, DiClemente and Norcross, 1992) and designed intervention materials to 

address optimistic bias (Weinstein, 1980) by inducing discrepancy between current 

behaviour and ideal/recommended intakes for F/V. Eight BCTs were identifiable and 

the intervention involved the production of a tailored written educational package for 

each participant, based upon data from their food diaries and a dietary behaviour 

questionnaire (completed at the first session) (Moynihan et al., 2012) (See Table 2.3 

& Appendix 2.4). 

 

2.4.4.5 Assessment of Bias 

Moynihan et al. (2012) reported that females were over-represented (across both 

groups) and participants in the CD group were significantly older than those in the 

IOD group (controlled for in subsequent analyses) - although they did not differ by 



 

98 
 

measures of socio-economic status. Differential attrition (attrition bias) was noted 

between the two groups before the dietary intervention commenced (n=27 CD 

participants withdrew and n=10 IOD participants) however, those who withdrew did 

not differ by age, sex or socio-economic status compared to completers. Only partial 

blinding was possible (nutrition assistants were told the purpose was to examine the 

impact of dietary advice on the diet of denture wearers’, however they were unaware 

of the different study groups), and as such, any impact upon the measurement of 

outcomes is suggested to have been equal across both groups (Moynihan et al. 2012) 

(see Table 2.1 and Appendix 2.3). 

 

2.4.5 Non-controlled Before and After Studies 

2.4.5.1 Included Studies (Olivier et al., 1995; Prakash et al., 2012; Bartlett et al., 
2013; Wöstmann et al., 2016; Nabeshima et al., 2018)  

Methodological details are given in Table 2.1. The five single-arm studies identified 

differed regarding their aims: one study primarily tested the impact of a denture 

adhesive alongside provision of two dietary information leaflets on participants’ diets 

(Bartlett et al., 2013); one was specified as a pilot study to examine the impact of 

tailored dietary counselling on the diet of those undergoing (new) implant-prosthetic 

treatment (Wöstmann et al., 2016); one focused on fibre intake with the view to 

reducing gastrointestinal symptoms (Olivier et al., 1995); one focused on MNA 

improvements following (new) CD fabrication and brief advice on a healthy diet 

(Prakash et al., 2012); and, one aimed to investigate dietary counselling on the 

nutritional status of participants receiving RPDs, and to ascertain the role of occlusal 

support on the effects of the dietary intervention (Nabeshima et al., 2018). 

  

2.4.5.2 Findings – Diet/nutrition Outcomes 

Four of the five single-arm studies reported statistically significant improvements in 

primary outcomes pertaining to F/V intake, fibre intake and MNA scores (Olivier et al., 

1995; Prakash et al., 2012; Bartlett et al., 2013; Nabeshima et al., 2018) (see Table 

2.2). Blood plasma levels of α- and β-carotene remained constant which did not 

support self-reported increases in vegetables in the study by Nabeshima et al. (2018). 

Furthermore, sub-analyses conducted examining the role of OUs in dietary intake 
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indicated that the presence of OUs was predictive of greater vegetable intake and 

greater odds of consuming target amounts per day (P<0.05) (Nabeshima et al., 2018). 

No primary outcome was specified by Wostmann et al. (2016) given it was designed 

as a pilot study and aimed to examine a range of blood and nutritional parameters to 

identify possible markers for a future large-scale study. Whilst no significant 

differences were observed for nutrient intake or food choice, a significant increase 

was noted for cholinesterase and ferritin at six months alongside a decrease in 

Vitamin A. Folic acid intake fell between 6-12 months, though no reasons are posited 

regarding these findings (Wöstmann et al., 2016). There was a trend for caloric 

reduction which did not reach statistical significance (Wöstmann et al., 2016). 

 

2.4.5.3 Findings - Dental Status and Oral Health Outcomes 

Two studies reported improvements regarding ability to bite/chew etc. based upon 

self-reported data (Prakash et al., 2012; Bartlett et al., 2013), with only Bartlett et al. 

(2013) specifying statistically significant improvements. Wöstmann et al. (2016) 

reported OHRQoL improvements alongside significant improvements in objective 

chewing efficiency pre-to-post intervention; Olivier et al. (1995) reported significant 

improvements in both objective and self-reported measures chewing and swallowing 

measures; however, scores remained below functional levels, even at final follow-up 

(6-9 months).  Nabeshima et al. (2018) reported significant improvements over time 

for maximal biting force (MBF) and objective masticatory performance, however 

perceptions of chewing ability did not improve across participants over time.    

 

2.4.5.4 Findings – Theoretical Basis, FoD and BCTs 

No underlying theory was reported explicitly as guiding any of the single-arm 

interventions (Olivier et al., 1995; Prakash et al., 2012; Bartlett et al., 2013; Wöstmann 

et al., 2016; Nabeshima et al., 2018) (see Table 2.3); however, Nabeshima et al. 

(2018) suggest their intervention was administered in accordance with a previous 

study by Bradbury et al. (2006) which was explicitly based upon the Stages of Change 

and Optimistic Bias theoretical constructs. No discussion or measures pertaining to 

these theoretical components are present in the Nabeshima paper. In two studies, a 

dietitian delivered the dietary intervention (one single intervention session in each) 

which was individually tailored based on prior food diary data (Olivier et al., 1995; 
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Wöstmann et al., 2016). One study specified ‘a trained examiner’ delivered the 

intervention explicitly stating that ‘no attempt was made to provide dietary counselling’ 

beyond giving two pamphlets on healthy eating and asking participants to read them 

(Bartlett et al., 2013); another other study did not report who delivered the brief dietary 

advice, although this was conducted during CD fitting (Prakash et al., 2012); and in 

the most recent study a dentist delivered both counselling sessions (Nabeshima et 

al., 2018). Identifiable BCTs based on the published articles ranged from one 

(Prakash et al., 2012) to nine (Olivier et al., 1995) (see Table 2.3 full details & 

Appendix 2.4). The dietary intervention by Bartlett et al. (2013) contained 4 identifiable 

BCTs which focused on information-giving (two healthy eating pamphlets) containing 

information about health consequences of diet (including BMI charts) and detail on 

how to perform the behaviour (i.e. eat healthily) with recipes included. Interventions 

by Wostmann et al. (2016) and Nabeshima et al. (2018) each contained five BCTs 

with common intervention components relating to instruction on how to perform the 

behaviour (BCT 4.1) and dietary information delivered by a credible source (i.e. a 

health professional) (BCT 9.1).    

 

2.4.5.5 Assessment of Bias 

The RoB across all single-arm studies was considered high overall, with one 

judgement of serious bias (Wöstmann et al. 2016), two of moderate (Olivier et al., 

1995; Nabeshima et al., 2018) and two considered critical (Prakash et al., 2012; 

Bartlett et al., 2013) (see Appendix 2.3 for detailed breakdown of categories). Given 

that the single-arm studies were non-randomized and as such did not have pre-

registered trial protocols, it is unknown if reported primary outcomes matched original 

proposals. Furthermore, the study by Prakash et al. (2012) was poorly reported 

regarding participant characteristics, intervention content, FoD, BCTs and outcomes, 

with limited data collection tools highlighting significant methodological uncertainties. 

In the study by Bartlett et al. (2013), fundamental confounders exist as the authors 

discuss how beneficial changes in F/V intake may be associated with the use of 

denture adhesive or the healthy eating pamphlets, with available data unable to 

disentangle these effects. The pilot study by Wostmann et al. (2016) discussed a 

socio-economic bias in their sample in that participants were typically affluent, as 

there was a high cost to cover in relation to the implant-prosthetic rehabilitation, and 

they were more likely to be already consuming an adequate diet at baseline. The 

study by Olivier et al. (1995) was conducted more than 20 years ago and despite a 
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comprehensive discussion of the intervention and FoD, limitations may exist 

regarding interpretation of findings and generalizability of outcomes in today’s world. 

Nabeshima et al. (2018) report discrepancies between participants’ self-reported 

dietary improvements and objective plasma markers, indicating the possible 

presence of socially-desirable reporting at follow-up. 

 

2.4.6 Magnitude of F/V changes across studies 

Three studies provided data pertaining to two groups (intervention and a 

comparator/control group) to enable a meta-analysis of F/V intake (Bradbury et al., 

2006; Moynihan et al., 2012; Amagai et al., 2017) where a random effects model was 

used to calculate SMD (See Figure 2.2). F/V intake was, on average, higher by 0.29 

SDs in the intervention group compared to the control (SMD 0.29, [-0.54, 1.12]), 

although the model was not statistically significant overall (p=0.49). Findings were not 

consistent across studies with high heterogeneity noted (I2=86%, p=0.0007); in 

particular, a more marked increase in F/V intake was observed in the RCT by 

Bradbury et al. 2006.  

Further subgroups analyses by type of oral rehabilitation or by age/sex was not 

possible given the limited number of studies with small sample sizes, and the 

predominance of women participants in the studies included in the review. 
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Figure 2.2: Forest plot showing the effect of intervention on standardized mean difference (SMD) F/V intake across a subgroup of 

interventions with a control/comparator group 

Study  

Amagai 2017* 
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Moynihan 2012
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Total (95% CI) 

Heterogeneity: P = 0.0007; I² = 86% 

Test for overall effect: P = 0.49. 
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*Fruit per day only (grams) used for meta-analysis at 3-month follow-up post-intervention. Median used as no mean available. SD calculated based upon IQR. 
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Fruit and vegetables per day (grams) at 6-weeks post-intervention 
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Fruit and vegetables per day (grams) at 6-month follow-up post-intervention. Non-randomized study (parallel-groups cohort) both groups received the diet 

intervention  
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2.5 Discussion 

Based on a narrative synthesis of data, there is support for a dual intervention 

approach combining oral rehabilitation with a purposeful dietary intervention in order 

to improve dietary intake in older adults. However, the available empirical evidence 

which is restricted to a small number of heterogeneous study designs with small 

sample sizes, limits the strength of these findings. All studies reported improvements 

in one aspect of oral health (i.e. biting/chewing) for the majority of participants, albeit 

with some slight between-group variations (discussed later), alongside at least one 

positive diet/nutritional post-intervention outcome, however objective plasma 

biomarkers did not always support self-reported dietary improvements (Wöstmann et 

al., 2016; Nabeshima et al., 2018). Explicit use of theory to guide dietary intervention 

design and/or evaluation was limited (n=2) (Bradbury et al. 2006; Moynihan et al. 

2012) and identifiable BCTs varied greatly across interventions making it difficult to 

discriminate effective intervention strategies.  There was a focus on information-

giving strategies, which are not typically associated with the most effective behaviour 

change outcomes among older people (Lara, Evans, et al., 2014). Of the three studies 

included in the meta-analysis, two contained an identical set of eight identifiable BCTs 

each which successfully improved dietary outcomes (F/V) (Bradbury et al., 2006; 

Moynihan et al., 2012); furthermore, there was a high degree of overlap regarding 

BCTs between these aforementioned studies and the third study in the meta-analysis 

(Amagai et al., 2017) – with all three studies including the BCTs: self-monitoring of 

dietary behaviour, instruction on how to perform the behaviour, information on the 

health consequences, and delivery of the intervention from a credible source. To our 

knowledge, no other reviews of this nature have been conducted and therefore it 

offers comprehensive insight into the impact of a dual intervention focusing on dietary 

intervention coupled with oral rehabilitation, alongside characterization of the 

behavioural science components of such interventions. 

Positive diet-related primary outcomes for the intervention groups predominantly 

focused on F/V intake (n=4) (Bradbury et al., 2006; Moynihan et al., 2012; Bartlett et 

al., 2013; Nabeshima et al., 2018). Adequate F/V intake is of particular importance 

for aging adults given its association with a lower risk of all-cause mortality, 

particularly cardiovascular mortality (Wang et al., 2014). Bartlett et al. (2013) 

illustrated significant gains in F/V intake (servings increased by 1.4 servings p/day 

(P<0.0001) with corresponding significant increases in Vitamin C levels). Although 

these intervention findings are confounded by the concurrent use of denture adhesive 
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alongside the provision of healthy eating pamphlets. Moynihan  et al. (2012) reported 

gains of approximately one F/V serving per day for the IOD group at 3-months (87g/d 

for IOD group) and over half a serving per day for the CD group (54g/d for CD group) 

which persisted at 6-months for both groups. The lack of between-group differences 

is somewhat expected given that both the IOD group and the CD group received the 

same tailored dietary intervention (i.e. no true ‘control’ group) - what differed between-

groups was the form of oral rehabilitation (IOD versus CD) (Moynihan et al., 2012). 

Nonetheless, the levels of additional F/V intake reported across these studies may 

confer clinically significant improvements to health (Wang et al., 2014). However due 

caution should be observed, given the methodological uncertainties of these latter 

studies with greater emphasis placed upon RCT evidence (n=3) (Bradbury et al., 

2006; Amagai et al., 2017; Suzuki et al., 2018). Individually, the RCTs provide support 

for improved diet/nutrition in the intervention group; in the RCT by Bradbury et al. 

(2006) (involving theory-based, tailored dietary advice), participants in the dietary 

intervention group increased their F/V intake by over 200g/d (+209 g/d – over two 

portions) compared to the ‘standard denture care’ control group (+26 g/d), though 

follow-up was limited to six weeks. These gains in F/V intake far exceed those 

reported in the existing literature with participants who aren’t undergoing oral 

rehabilitation (Luszczynska et al., 2016) perhaps due to restoration of mastication 

abilities via tooth replacement, although further explanation is not offered by the 

authors (Bradbury et al., 2006). The meta-analysis conducted with three (of nine) 

interventions did not support a significant benefit of dietary intervention on F/V intake 

(p=0.49). However, substantive limitations to the meta-analysis and marked 

heterogeneity leave it difficult to draw firm conclusions. For example, fruit intake alone 

(versus fruit and vegetables combined) was used for one study which also did not 

contain mean intake data, therefore median values were used (Amagai et al., 2017). 

Another study was not randomized and did not have a true comparator group 

(Moynihan et al., 2012) with both groups receiving the dietary intervention, therefore 

the impact of the intervention may have been diluted. Furthermore, diet/nutritional 

outcomes may have been confounded by oral health status in the Japanese RCT 

(Amagai et al., 2017; Suzuki et al., 2018); as despite both groups receiving the same 

oral rehabilitation, the control group (i.e. denture care advice only) reported lower 

levels of OHRQoL post-intervention, further illustrated by significantly lower shearing 

ability scores (food-crushing abilities, in a back and forth motion). The authors 

suggest this may have been due to floor effects in shearing ability, and that greater 

self-reported OHRQoL improvements in the dietary intervention group may have 

been noted as a result of greater awareness of eating function, brought about via the 
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dietary advice (Suzuki et al., 2018). When conducting the final search update for the 

writing of this PhD chapter, a further two studies were published based on the 

Japanese trial with one reporting on MNA as a secondary outcome and another 

including an added follow up time point (Kanazawa et al., 2019; Suzuki et al., 2019). 

These papers were not published at the time of the original publication, and 

subsequently give rationale for not including or duplicating data in a meta-analysis 

from the same trial. Although this was decided, it is of use to highlight that MNA results 

were significantly higher within the IG (Suzuki et al., 2019) and even though the intake 

of plant proteins were significantly higher in the IG at 6 months, on the contrary, 

intakes of animal protein and vitamin B12 were significantly higher in the CG 

(Kanazawa et al., 2019). As stated, few interventions were theory-based (n=2) or 

designed intervention components or outcome evaluations within a theoretical 

framework, yet, there was a suggestion that the greatest gains in dietary improvement 

(F/V intake) came from these theory-based interventions (Bradbury et al., 2006; 

Moynihan et al., 2012) (indicative in the meta-analysis). They employed the BCTs 

tailoring of dietary feedback, problem-solving, action-planning and included self-

monitoring (Bradbury et al., 2006; Moynihan et al., 2012). This supports previous 

research from other health-behaviour domains, where interventions with these 

aforementioned BCTs have been associated with greater effectiveness (Greaves et 

al., 2011; Hill, Skouteris and Fuller-Tyszkiewicz, 2013b; Martin, Chater and 

Lorencatto, 2013; Lara, Evans, et al., 2014). Interestingly systematic review evidence 

highlights the beneficial role of ‘social support’ in lifestyle interventions, particularly 

with older adults (Greaves et al., 2011; Lara, Evans, et al., 2014), yet none of the 

interventions in this review explicitly targeted this.  

 

2.5.1 Future Studies 

Given the limited evidence base highlighted in this study, there is a need for large 

scale experimental designs to determine the effect of dietary interventions alongside 

oral rehabilitation. RCTs should be appropriately powered and could be undertaken 

on either a parallel-arm basis or as a factorial design. Furthermore, given the 

considerable global burden of suboptimal diets (Reynolds et al., 2019),  future 

intervention studies should incorporate more comprehensive and holistic dietary 

assessment measures which are particularly relevant to the aging population (for 

example, assessing the Mediterranean diet compatibility, given its links to healthy 

cognitive aging (Morris et al., 2015) rather than examining changes in isolated dietary 



 

106 
 

components (such as fruit and vegetable intake) (Berendsen et al., 2017; Bonaccio 

et al., 2018; Afshin et al., 2019). Additionally, given that not all studies in the present 

review included information on energy intake (kcal/per day) (n=5 of 9) nor examined 

macronutrients, it was not possible to comment on a particular trend from the 

available data. Future studies should therefore comprehensively assess 

macronutrient intake and energy intake in order to make an accurate assessment of 

the impact of any dietary intervention on overall diet quality and pattern. 

 

2.5.2 Strengths and Limitations of Included Studies 

The findings of this review are limited by the quality of evidence currently available 

regarding robust study design. Furthermore, the majority of studies included focused 

on edentate participants; whilst this population group is very important, recent 

epidemiological evidence has demonstrated a shift towards a partially dentate older 

population with lower prevalence and incidence of severe tooth loss (Kassebaum et 

al., 2014). Additionally, the dietary outcomes reported from the studies included in 

this review mainly focused on examining changes in isolated dietary components 

(such as F/V or protein intake) rather than looking at the impact upon overall energy 

intake and/or dietary patterns, a factor of known importance, particularly with regard 

to growing evidence for benefit of the Mediterranean diet pattern and healthy cognitive 

aging (Morris et al., 2015).  

2.5.3 Strengths and Limitations of the Review  

Limitations to review findings arise as dietary interventions were poorly described, 

lacking adequately operationalized intervention components - relating to both FoD 

and BCTs implemented. Therefore, it is not known if all intervention aspects have 

been fully accounted for and included BCTs were limited to the reviewers 

interpretation. In addition, whilst there was significant overlap regarding the BCTs 

used in the dietary interventions (e.g. self-monitoring of dietary behaviour, instruction 

on how to perform the behaviour, information on the health consequences and 

delivery of the intervention from a credible source) there were also differences across 

studies, with certain BCTs appearing in only one study and not others (e.g. 

demonstration of the behaviour and behavioural substitution).  Furthermore, despite 

RCT evidence suggesting a positive impact of intervention on the diets of adults, non-

significant findings on F/V intake in the meta-analysis (for a small number of studies) 

limits the strength of this finding. Strengths of the review include a wide variety of 
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systematic search methods used to obtain the relevant literature and the inclusion of 

worldwide research. A further strength is the novel focus on the behavioural science 

characterization of dietary interventions within this field and the use of the 93-item 

BCT v1 taxonomy. 

 

2.6 Conclusion 

Based upon a narrative synthesis, the limited robust evidence available suggests 

moderate support for a dual intervention approach combining oral rehabilitation with 

purposeful dietary intervention in order to improve dietary intake in older adults, 

particularly in relation to increasing F/V and protein intake, in addition to oral health 

improvements. Greater dietary improvements were evident for the two dietary 

interventions based explicitly upon theory and involving the BCTs of problem-solving, 

self-monitoring and tailoring of dietary feedback. Findings were unclear regarding 

intervention delivery format and how this might link to effectiveness. Characterizing 

the behavioural science basis of interventions with this population group is novel and 

significant, as they are at a high-risk of poor dietary intake and inadequate nutritional 

status; this approach provides greater transparency in relation to intervention content, 

delivery and BCTs which is imperative for the design of future effective interventions. 

Moreover, given the complex and multifactorial influences on dietary intake, this type 

of purposeful dietary intervention with adequate behaviour change strategies 

embedded could help to facilitate positive dietary change in older adults or those at 

risk of malnutrition due to impaired dental status, before the progression of nutritional 

decline. From a public health perspective, these types of dietary interventions should 

be tested and implemented in a range of settings including within routine dental 

practice and among older people that are partially dentate. This review provides good 

rationale for the need to develop and test a novel form of theory-based dietary 

intervention which is embedded in BCTs in combination with oral rehabilitation on the 

partially dentate older adult population. 
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CHAPTER 3 – DEVELOPMENT OF THE HABIT-BASED TAILORED DIETARY 

INTERVENTION (PHASE 1) 

 

3.1 Introduction  

As discussed in Chapter 1, oral rehabilitation alone does not necessarily result in 

wide-reaching and sustained dietary behaviour change among older people, 

demonstrating the need for nutritional intervention (Moynihan et al., 2000; Hamada et 

al., 2001; Muller, Morais and Feine, 2008).  It also portrays the limited number of 

behaviour change dietary interventions in older adults and demonstrates the need for 

simple yet theoretically strong approaches to behaviour change. A gap in the literature 

was identified to test the effectiveness of a novel dietary intervention approach to this 

population group using habit formation which has shown significant promise in other 

areas of health behaviour change. Furthermore, as demonstrated in Chapter 2, 

intervention studies to investigate the impact of oral rehabilitation coupled with healthy 

dietary advice on the nutritional status of partially dentate older adults are limited 

(Wöstmann et al., 2016; Nabeshima et al., 2018). Chapter 3 therefore outlines the 

design and development of a habit-based dietary intervention to be trialled and tested 

on partially dentate older people (Phase 1).  

As intervention design is considered to be one of the most challenging stages and a 

frequent weakness in trial research, Phase 1 followed a systematic approach using 

the MRC Framework outlined in Section 3.3.1 (Craig et al., 2013). Campbell and 

colleagues also explain the importance of complex intervention ground work in order 

for overall trial findings to be applicable (Campbell et al., 2007). This introduction 

therefore sets to outline the evidence and provide a basis and rationale for this 

chapter.  

Systematic review research demonstrates that older people can and have proved 

their ability to adhere to and benefit from nutritional intervention (Hamirudin, Charlton 

and Walton, 2016). However as already outlined in Chapter 1, typically the overall 

success of maintained dietary behaviour change is limited as efforts have not 

necessarily been conducted encompassing aspects of behavioural sustainability 

(Kannel et al., 2015; Kelly and Barker, 2016). It seems that with regards to previous 

intervention attempts, a possessed knowledge of what is healthy or even the use of 

incentives, is not enough to engender and preserve dietary behaviour change, as any 

short-term gains typically deplete after a remerging of previous contexts and old 

behaviours (Mantzari et al., 2015; Cleo et al., 2017). Neither has dietary behaviour 
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modification been observed from an improved oral health status and one’s newly 

gained ability to chew properly (McKenna et al., 2014). Thus implying that many 

current approaches to dietary behaviour change have by and large failed. One reason 

for their shortcomings suggests that these targeted nutritional behaviours may occur 

largely without deliberative thought or outside of conscious capacity or awareness, 

even though much of failed dietary behaviour change interventions rely on theoretical 

applications that apply conscious regulatory models (Morris et al., 2012). However in 

conjunction with this, eating is in fact made up of mainly unconscious processes as 

individuals’ food consumption patterns are typically repeated and embedded in 

routine habit (Cohen and Farley, 2008; Riet et al., 2011).  

As outlined in Chapter 1, habits are unconscious automated responses that develop 

through the repetition of behaviours or actions under a social normed cue (Wood and 

Neal, 2007). Drawing further on cognitive neuroscience insights, habits are a form of 

implicit memory and acquire lesser neural activation that involves less thoughtful 

decision making and deliberative tendencies so long as the context or cue remains 

stable  (Yin and Knowlton, 2006). Consequently, it has been suggested that older 

adults may be receptive to habitual behaviour adherence as once the habit is 

acquired, actions are not reliant on intentional or motivational processes and therefore 

are not susceptible to cognitive decline or impaired motivation which are often 

observed in later life (Bergua et al., 2006; de Wit, van de Vijver and Ridderinkhof, 

2014; Ersche et al., 2017). As instead the responsibility or trigger of the enacted 

behaviour is transferred to environmental stimuli, rather than conscious thought, the 

simple process may be particularly accommodating to older people as habits have 

been shown to require minimal forethought and be less effortful (Lally, Wardle and 

Gardner, 2011; Gardner, 2015). Even the traits of an older persons’ eating routine 

appear to fit in line with the habit formation concept as they are said to adhere more 

to structured eating patterns consistent with the model. This includes more 

conventional and similar food types, portion sizes, eating contexts and minimal 

weekend to weekday differences in comparison to younger adults which all exhibit 

fundamental characteristics of habit (Inelmen et al., 2008; Yannakoulia et al., 2018).  

However although a major strength of habit is their ability to be highly stable, they are 

also difficult to change or break (Wood, Tam and Witt, 2005). This questions if older 

people who will have very likely accumulated strong dietary habitual tendencies over 

the life course and who may be less responsive to change at this stage of life can 

even acquire new habitual behaviours in the first place (Ersche et al., 2017). However 

Verplanken and colleagues actually suggest that the best way to disrupt old habits 

https://www-sciencedirect-com.queens.ezp1.qub.ac.uk/topics/psychology/cognitive-decline
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are a discontinuation of the cue exposure which most often come about in the context 

of life course changes, including older life stages such as retirement or bereavement 

that may require new norms (Verplanken et al., 2008). Many previous behaviour 

change interventions are said to have been more effective by capitalising on these 

conditions which temporarily disturb old habits, leaving individuals potentially more 

susceptible to adopting a healthier diet through new habitual norms (Verplanken and 

Roy, 2016). Consequently, the unexplored deliberation of life course opportunity 

versus habitual stringencies and resistance to change warrants further investigation. 

Another unknown is if habits can even be acquired could their retention potentially be 

overridden by the many additional factors that influence diet in later life that were 

outlined in Chapter 1 of this thesis such as physical, social and economic changes 

(de Castro, 2002). In contrast to this, Bergua et al. suggests that these changes 

actually may increase an older person’s desire for routine and consistency in an 

attempt to achieve  balance  or  feel more in control following  such life modifications 

that are largely out of their hand (Bergua et al., 2006). This is therefore another key 

area of habit that requires deeper exploration to examine if an older person’s 

vulnerability to age-related changes renders them unable to partake in new habitual 

behaviours or instead urges them on to retain a greater sense of stability.  

As a promising basis for the potential uptake of a habit-based intervention on older 

people is evident, it too is also apparent that a number of probable barriers of this 

population may feature. This not only provides a justification for greater investigation 

of the trial as a whole, but further cautions of the criticality of this design and 

development stage to construct a dietary intervention that is most pertinent to the 

target population. Sections 3.2 outlines the overall aims of this chapter on how this 

thesis best aims to achieve such applicability.  

 

 

3.2 Chapter Aims 

 

1. To identify dietary areas of concern among older people to develop a habit-

based dietary intervention in line with MRC Guidelines for developing 

Complex Interventions. 

 

2. To conduct qualitative (focus group) research to further develop a habit-based 

dietary intervention in line with MRC Guidelines for developing Complex 

Interventions. 
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3.3 Methods  

3.3.1 Study Design Overview  

As stated, the habit-based intervention was developed in line with the MRC 

Guidelines for Developing Complex Interventions and also followed advice from the 

National Institute for Health and Care Excellence (NICE) (Craig et al., 2013; NICE, 

2014). A range of research methods were used at this developmental stage which 

was conducted under a systematic approach using four key steps and is outlined in 

Figure 3.1.  

 

  

 

 

 

Figure 3.1: Steps taken for Phase 1 Intervention Development  

 

3.3.2 Step 1: Desk-based Research 

 

Step 1 consisted of analysing dietary intake of older adults using the National Data 

and Nutrition Survey (NDNS) Rolling Programme, a publically available national 

survey undertaken in the UK. As Phase 1 was conducted in 2017, the most up to date 

version of the NDNS Rolling Programme at the time  was Years 5 and 6 (combined) 

(2012/2013 – 2013/2014) (Public Health England, 2016b).  A newer report has since 

been made available as outlined in Section 1.3.1.1.1.1, however similar findings were 

observed. This step was conducted to provide information on dietary habits, 

nutritional status and major dietary issues to allow the dietary intervention to be 

tailored to meet the needs of the target population.  

 

The NDNS Rolling Programme is a continuous cross-sectional survey of dietary 

intakes of a representative sample living in UK private households. Sampling was 

Step 1: Desk-based 
research

To analyse current dietary 
intake of the target 

population 

Step 2: Design of habit-
based intervention 

materials

Structured off the Healthy 
Feeding Habits study 

Step 3: Qualitative
research with the target 

population

To further develop the 
habit-based intervention

Step 4: Appropriate 
dietary intervention 

adjustments 

Prior to commencing 
Phase 2
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conducted using a database that included all UK addresses (Postcode Address File). 

These postcodes were then clustered and addresses were selected at random. The 

programme which began in February 2008 aimed to recruit approximately 1,000 

people - 500 children and 500 adults annually (including older adults). Dietary intake 

was assessed using an estimated four-day food diary which involved participants 

recording everything they ate and drank over four consecutive days. Participants were 

asked to estimate food/drink portion sizes using household measures or through 

food/drink labels. Food diaries were checked for omissions and clarification by trained 

researchers. The in-house dietary assessment software, Diet in Nutrients Out (DINO) 

was used for analysis. The mean intakes of key food groups/macronutrients where 

the older adult population are not meeting their UK Recommended Nutrient Intakes 

(RNIs) are highlighted in red in Table 3.1 and 3.2: 

 

Table 3.1: Average Daily Energy Intake and Intake Of Selected Foods For UK 

Older Adults (NDNS Rolling Programme Years 5 and 6 (combined) (2012/2013 

– 2013/2014) 

Food Group/ daily intake UK Dietary 

Recommendations/day 

Aged 65+ 

Men Women 

Total Energy 

MJ 

Kcal 

*  

7.72 

1835 

 

6.26 

1488 

Fruit and vegetable 

(portions) 

5 portions (80g per 

portion) 

4.2 4.3 

Oily fish (g) 20g 13 12 

Red and processed meat 

(g) 

< 70g  81 57 

Sugar-sweetened soft 

drinks (g) 

- 39 37 

*EAR recommendations: Men 65 to 74 years 9.8MJ (2342kcal)/day, men 75 years 

and over 9.6MJ (2294kcal)/day; women 65 to 74 years 8.0MJ (1912kcal)/day; 

women 75 years and over 7.7MJ (1840kcal)/day  
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Table 3.2: Average Daily Intake Of Selected Macronutrients For UK Older 

Adults (NDNS Rolling Programme Years 5 and 6 (combined) (2012/2013 – 

2013/2014) 

 UK Dietary Recommendations/ Day Aged 65+ 

Macronutrients DRV#  

Total fat (% food energy) no more than 35% food energy 34.7 

Saturated fat (% food 

energy) 

no more than 11% food energy 13.4 

Trans fat (% food energy) no more than 2% food energy 0.6 

Free sugars (% total 

energy) 

no more than 5% of total energy 11.1 

Fibre (g/day) 30g 13.4 

# DRVs- Dietary Reference Values  

 

Although not displayed in the table, mean daily intakes of most vitamins and minerals 

were close to or above their Reference Nutrient Intake (RNI) across all the older age 

groups. However, Vitamin D, magnesium, potassium and selenium were all a cause 

for concern as mean intakes were considerably below their LRNIs. 

To summarise, older people in the UK were not meeting recommendations in fruit and 

vegetable intake, fibre and a number of key vitamins and minerals. They were also 

consuming too much saturated fat and free sugars and often the wrong type of protein 

(too little oily fish and too much read meat). As a result of these findings, three healthy 

eating domains were targeted. Figure 3.2 demonstrates the three domains decided 

upon to test for positive dietary habit formation.  

 

 

 

 

 

Figure 3.2: Healthy Eating Domains to Target for Positive Dietary Habit Formation On 

Older People Based On NDNS Findings  

 

Desk-based research was also used to provide the content of the intervention booklet 

(See Appendix 3.1). This included information on recommended servings, health 

Healthy 
Protein 
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Fruit and 
Vegetable 

Intake



 

114 
 

benefits, food sources and portion guides (Porter, 2016; British Nutrition Foundation, 

2018a; NHS, 2018). Information given regarding eating healthier on a budget was 

provided using prices of foods from the Tesco online website.  

 

3.3.3 Step 2: Design of Habit-Based Intervention Materials 

3.3.3.1 The Healthy Feeding Habits Study  

 

The intervention was based on a previous randomised controlled trial on healthy 

feeding habits for parents (McGowan et al., 2013), known as the Healthy Feeding 

Habits Study. This study demonstrated significant promise as a method for behaviour 

change but among a different population group (parents with children).  Our study, 

named DENHAB (Dental-Habits) therefore adopted a similar intervention structure to 

the Healthy Feeding Habits Study but tailored it to an older adult population. 

3.3.3.1.1 Intervention Materials  

 

The Healthy Feeding Habits Study developed an intervention booklet targeting three 

health domains which incorporated key habit information and relevant BCTs in order 

to strengthen habit formation (Gardner, 2015). Similarities to the Healthy Feeding 

Habits Study intervention included the introduction of the habit formation concept, an 

‘ideas to help you’ section and tips for encouraging habit development including 

having a plan, identifying triggers or prompts to habits, being prepared, imposing a 

routine, and tracking progress. It also followed a similar format to delivering key 

information about each healthy habit such as health benefits, habit examples, habit 

goal setting and problem solving. As self-monitoring is a valuable component of 

behaviour change, the pack contained tracking sheets to log habit progress along 

with a marker pen and fridge magnets to support this (Burke, Wang and Sevick, 

2011). In addition to this, the DENHAB study materials had a study overview and 

explanation of why is it important to create healthy eating habits. Other components 

included information on budgeting and portion size for each healthy habit and a tips 

for eating with dentures (added in if applicable) section. The specific BCTs used in 

this intervention which can be coded from the BCT 93 item v1 Taxonomy are listed in 

Table 3.3 alongside a descriptor of how they were embedded within the DENHAB 

study  (Michie et al., 2013).  
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Table 3.3: BCTS Incorporated into DENHAB Using the 93 Item V1 Taxonomy  

BCT BCT Definition BCT Descriptor in DENHAB Study 

• Action planning Prompt detailed planning of performance of 

the behaviour (must include at least one of 

context, frequency, duration and intensity). 

Context may be environmental (physical or 

social) or internal 

A planning sheet included in the DENHAB 

booklet where participants write down their 

healthy habits along with where and when they 

would perform the behaviour, preparation and 

start dates*^ 

• Behaviour substitution Prompt substitution of the unwanted 

behaviour with a wanted or neutral 

behaviour 

 

In some scenarios a good behaviour was 

substituted for a bad behaviour e.g replacing an 

unhealthy dessert with fruit* 

• Behavioural practice/ 

rehearsal 

Prompt practice or rehearsal of the 

performance of the behaviour one or more 

times in a context or at a time when the 

performance may not be necessary, in 

order to increase habit and skill 

Habit was practiced/rehearsed by repeating in 

the same context*^ 

• Feedback on behaviour  Monitor and provide informative or 

evaluative feedback on performance of the 

behaviour   

Giving feedback on performance of the 

behaviour  of previous study visits at each 

assessment* 

• Goal setting (behaviour) Set or agree on a goal defined in terms of 

the behaviour to be achieved 

 

A planning sheet was included in the DENHAB 

booklet where participants discussed and wrote 

down their goals*^ 
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Table 3.3: BCTS Incorporated into DENHAB Using the 93 Item V1 Taxonomy  

BCT BCT Definition BCT Descriptor in DENHAB Study 

• Goal setting (outcome) Set or agree on a goal defined in terms of a 

positive outcome of wanted behaviour 

To increase fruit and vegetable, wholegrain and 

healthy protein intake* 

• Habit formation Prompt rehearsal and repetition of the 

behaviour in the same context repeatedly 

so that the context elicits the behaviour 

Three healthy habits were formed around fruit 

and vegetable, wholegrain and healthy protein 

intake*^  

• Habit reversal Prompt rehearsal and repetition of an 

alternative behaviour to replace an 

unwanted habitual behaviour 

Some habits may have included the swapping of 

an unhealthy habit for a healthy habit e.g fizzy 

drink for milk*^ 

• Instruction on how to perform 

a behaviour 

Advise or agree on how to perform the 

behaviour 

Instructions given as sections such as portion 

guide and eating on a budget were discussed*^ 

• Problem solving  Analyse, or prompt the person to analyse, 

factors influencing the behaviour and 

generate or select strategies that include 

overcoming barriers and/or increasing 

facilitators 

Participants were prompted to identify barriers 

that might get in the way of making successful 

changes, along with methods to help prevent 

them affecting habit formation. These were then 

written in the participant booklet*^ 

• Prompts/cues Introduce or define environmental or social 

stimulus with the purpose of prompting or 

cueing the behaviour. The prompt or cue 

would normally occur at the time or place of 

performance 

Tracking sheets and fridge magnets were 

provided which may have acted as a cue to 

perform habits^ 
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Table 3.3: BCTS Incorporated into DENHAB Using the 93 Item V1 Taxonomy  

BCT BCT Definition BCT Descriptor in DENHAB Study 

• Review behaviour goal(s) Review behaviour goal(s) jointly with the 

person and consider modifying goal(s) or 

behaviour change strategy in light of 

achievement. This may lead to re-setting 

the same goal, a small change in that goal 

or setting a new goal instead of (or in 

addition to) the first, or no change 

Reviewed habit goals after each subsequent 

study visit*^ 

• Self-monitoring of behaviour Establish a method for the person to 

monitor and record their behaviour(s) as 

part of a behaviour change strategy 

Tracking sheets were provided for self-

monitoring purposes^ 

• Self-monitoring of 

outcome(s) of behaviour 

Establish a method for the person to 

monitor and record the outcome(s) of their 

behaviour as part of a behaviour change 

strategy 

Anthropometry and other health outcomes were 

assessed at each study visit* 

*BCT primary mode of delivery – face to face  

^BCT primary mode of delivery – written  
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3.3.3.1.1 Intervention Procedures 

The delivery of the Healthy Feeding Habits Study intervention involved four, hour-

long study visits, at approximately fortnightly intervals, conducted by trained 

researchers. At the initial study visit, the researcher introduced and discussed the 

information contained within the intervention booklet with the participant. A new health 

domain was delivered at the first three study visits. At each of these visits, tailored 

habit goals were set alongside choosing a behaviour change start date and 

discussing methods to overcome any potential barriers to adhering to habit goals. 

During each subsequent visit, previous habit goals were reviewed, and new habit 

goals in a different domain were introduced. Completed tracking sheets were 

collected and new ones were added into intervention packs when required. At the 

fourth study visit, progress towards all three goals was reviewed and relevant habit 

measures were taken. The delivery of the DENHAB intervention was designed to 

replicate the Healthy Feeding Habits Study intervention procedures. As an important 

consideration in the design of an intervention that aims to aid habit formation is the 

regularity of target behaviour performance, a list of  example behaviours for 

participants to attempt to conduct in a daily context were compiled as part of the 

DENHAB study (Lally and Gardner, 2013).   

 

3.3.4 Step 3: Qualitative Research with the Target Population 

It is increasingly recognised within public health research that input and involvement 

from patients/members of the public can bring significant benefit at the research 

design phase (NIHR, 2018). Thus, an element of qualitative research involving focus 

group discussions with the target population was conducted to provide baseline 

information to inform the development of the intervention materials and procedures. 

The formative qualitative research investigated the barriers and facilitators to healthy 

eating, the impact of factors that influence food choice (including tooth loss) and the 

strategies to support older people eating a healthy diet to enhance the habit-based 

approach to successful dietary behaviour change. Focus group discussions were also 

conducted for feedback and an evaluation of the proposed DENHAB intervention. 

This qualitative approach ensured that the intervention was further tailored to the 

target population.
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3.3.4.1 Participants 

Community dwelling, independent adults over the age of 65 years were invited to 

participate in the focus group discussions.  

 

3.3.4.2 Recruitment  

Participants were recruited by poster advertisement and also through snowball 

sampling from community, retirement and church groups across Northern Ireland. 

Sampling was structured according to socioeconomic background (deprived/affluent), 

but also ensured people of different ages (65 years and older), genders, and 

individuals from different domestic and geographical settings (e.g. urban and rural) 

took part. When required a member of the research team also attended groups and 

provided a short presentation about the qualitative study (aim of the study, what it 

involved and what it hoped to achieve). Furthermore, patients attending the Centre 

for Dentistry, Royal Victoria Hospital were also informed about the study and invited 

to participate by Dr Gerald McKenna (Consultant in Restorative Dentistry). Dr 

McKenna clearly emphasized that it was a research study and was purely voluntary 

and not something that they should feel obliged to undertake as part of their clinical 

care.   

All potential participants were given a copy of the Participant Information Sheet (PIS) 

(see Appendix 3.2) which included the researcher’s contact details. Participants who 

were interested then made contact with the researcher to discuss the study in more 

detail, or, if consent given (Appendix 3.5), the researcher contacted them. Potential 

participants were given at least 48 hours from discussing the study to decide whether 

or not they wished to take part. 

 3.3.4.3 Study Design Overview 

Participants were asked to take part in a focus group discussion lasting approximately 

1 - 1.5 hours in total at the Centre for Public Health, Queen’s University Belfast or the 

researcher visited them if they were an existing community group. A total of four focus 

group sessions (n=21) were conducted. It was expected that the number of focus 

groups were sufficient to obtain information to help develop and refine the tailored 

habit-based dietary intervention for the target population. All travel expenses for study 
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visits to the Centre for Public Health at the Royal Victoria Hospital site in Belfast were 

reimbursed. 

 3.3.4.4 Ethical approval 

This work was conducted in compliance with the requirements outlined in the ESRC 

Framework for Research Ethics (ESRC, 2015). Approval was given from the Office 

for Research Ethics Committees Northern Ireland (ORECNI) (reference number 

16/NI/0224) via the Integrated Research Application System (IRAS). The copy of the 

letter for obtained ethical approval can be found in Appendix 3.3. Queen’s University 

Belfast was the sponsor for the study which had comprehensive standard operating 

procedures in place, both for the approval and monitoring of research of this type. 

The study was conducted in line with the Belfast Health and Social Care Trust 

Research Governance Framework for Health and Social Care (reference number 

6086GMcK-SW), the principles of Good Clinical Practice and the Data Protection Act 

1998. The International Standard Randomised Controlled Trials Number (ISRCTN) 

of the study was ISRCTN66118345. Written consent to participate was sought from 

all participants and guidelines from the Declaration of Helsinki were adhered to. 

Comprehensive procedures were in place to ensure that the data was held securely, 

including the use of encrypted laptops and other devices with appropriate levels of 

password protection. Although not anticipated, any unexpected events if occurred 

were to be reported directly to the ORECNI and Dr McKenna as Principal Investigator 

(PI).  

 

 3.3.4.5 Data Collection 

Participants were required to complete a general demographics questionnaire 

(gender, date of birth (DOB), age, education level, occupation/past occupation, living 

circumstances and dietary intake) before the focus group session. As previously 

mentioned, the focus group sessions were used to explore the facilitators and barriers 

to healthy eating, to investigate the main factors that influence food choice in this 

population group, to identify strategies for supporting older people to eat a healthy 

diet and to gain feedback on intervention materials. The focus groups were conducted 

in accordance with a standardised protocol (see Appendix 3.4) consisting of semi-

structured open-ended questions in order to ensure a consistent approach between 

groups. Focus group discussions were tape recorded and transcribed verbatim, 



 

121 
 

anonymising participants. Audio recordings of focus groups were destroyed as soon 

as verbatim transcripts were prepared.  

3.3.4.6 Data Analysis  

3.3.4.6.1 Thematic Analysis  

A thematic analysis, as outlined by Braun & Clarke, was conducted to code and 

identify key themes identified in the transcripts (Braun and Clarke, 2006). This 

process involved the repeated reading of the transcripts followed by generating a list 

of key codes which led to the development of a coding scheme. This coding scheme 

was discussed and decided upon by the research team and then applied to all 

transcripts. Codes were then grouped into categories leading to key themes being 

constructed. In order to minimise the potential for bias of the coding process with 

respect to the themes identified, a second researcher from the team also performed 

the procedure outlined above independently. Anonymised transcripts were discussed 

in team meetings in a process of triangulation to decide on emerging key themes.  

 

3.3.4.6.2 Statistical Methods 

Questionnaire data were summarised as appropriate using SPSS Statistics for 

Windows Version 22. Descriptive analyses included means, standard deviation, 

median, frequencies, cross tabulations, and/or percentages where appropriate. 

3.3.5 Step 4: Appropriate Dietary Intervention Adjustments  

 

Both the desk-based research and qualitative study were used to help inform the 

development of a theory-based, user-driven intervention for dietary behaviour change 

in older adults.  After reviewing the collected information from steps 1-3, the research 

team reached a consensus on appropriate changes and refinements to be made to 

the dietary intervention materials and procedures. Further details of changes can be 

found in the results and discussion section of this chapter. Intervention adjustments 

were made iteratively before conducting the pilot study (Phase 2) 
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3.4 Results 

3.4.1 Quantitative Findings  

A total of 21 older adults took part in one of four focus group discussions. Table 3.4 

outlines the demographic information of this sample using the quantitative 

background questionnaire administered to participants prior to focus group 

interviews.  

Table 3.4: Demographics of the DENHAB Phase 1 Sample 

Gender  Male (n=8) 38.1%  

Female (n=13) 62.9%  

Age, years, mean (SD) 72.1 (10.4) 

Education, full time in years, mean (SD) 14.3 (3.8) 

Ethnicity  Caucasian 100.0% 

Living area  Urban (n=7) 33.3% 

Suburban (n=12) 57.1% 

Rural (n=2) 9.5%  

Multiple Deprivation Score (MDS)*, median (SD) 3.5 (1.2) 

Occupation Retired (n=20) 95.0% 

Working (n=1) 5.0% 

Living status  Lived alone (n=8) 52.0% 

Lived with spouse (n=13) 

48.0% 

Marital status Married (n=10) 47.6%  

Single (n=4) 19.0%  

Divorced (n=3) 14.3%  

Widowed (n=4) 19.0%  

*MDS ranges from a ranking of 1 (most deprived area) to 5 (least deprived 

area)(NISRA, 2018) 
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The background questionnaire also gathered information on dietary patterns and food 

intake as displayed in Table 3.5.  

 

3.4.2 Qualitative Findings  

3.4.2.1 Barriers and Facilitators of Healthy Eating 

During focus group interviews there were twelve themes related to barriers and 

facilitators of healthy eating that fed into intervention development. Themes were both 

a priori and emerging, and often overlapped. Facilitators of healthy eating included 

nutritional knowledge, nutritional supplements, retirement, convenience foods, 

physical health and the food industry.  Example quotations of facilitators of healthy 

eating are outlined in Table 3.6. Themes of barriers to healthy eating included 

contradictory/ confusing information, attitudes towards healthy eating, oral health, 

appetite, family and living circumstances and food labelling. Table 3.7 displays these 

themes alongside supporting quotations. These themes informed intervention 

Table 3.5: Dietary Pattern and Food Intake of the DENHAB Phase 1 Sample 

Fruit and vegetables ( mean daily portions) 3.8 

Oily fish (mean weekly portions) 1.5 

Processed meat (times per week) 1.3 

Opts for wholemeal bread/rolls rather than white Yes 76% 

No 24% 

Opts for wholegrain pasta and brown rice rather 

than white 

Yes 52% 

No 48% 

Consumes breakfast daily  Everyday 86% 

3-4 times a week 9% 

1-2 times a week 5% 

Has a regular eating pattern most days Yes 91% 

No 9% 
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development by generating information that would further adapt the intervention 

booklet to an older adult population (e.g an oral health section and information on 

reading food labels). However, it also identified factors that might impact the 

effectiveness of the intervention for older people that should be recorded in the 

researcher notes (e.g appetite and family and living circumstances).
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Table 3.6: Summary Table Of Facilitators Of Healthy Eating Emerging From Focus Group Interviews  

Nutritional 

knowledge 

 

“I think all the publicity and what’s in the press about what’s bad for you and things like that. I try to eat fresh vegetables 

and a Mediterranean diet and all that” FG3 P01 

“…I’d say I eat more fish now and would incorporate more oily fish… because I suppose they tell you it’s good for you” 

FG4 P02 

[Discussing what a healthy diet is] “…you need to take in a variety of foods as much as you can, not just one type of 

food…” FG1 P04 

“… I like most food and I do try and eat healthily but I think everything in moderation...” FG3 P01  

Nutritional 

supplements 

“I take Omega 3 fish oil. I take it every day… Says it’s good for your brain”  FG2 P01  

“I take a daily multivitamin tablet. I don't know if it does any good but I don’t expect it does me much harm” FG1 P06 

“I take cod liver oil for my joints” FG3 P01 

Retirement 

 

“But one thing you don’t necessarily have time to make it [when working], so I would eat it more now that I’m retired…I 

would have a massive bowl of porridge and raisins…” FG3 P06 

“When I stopped working - because I would’ve had my main meal in the canteen because our food was very good - I 

had to consciously make myself make a dinner” FG4 P02 

“Most days for my lunch, for 40 odd years, I would have had a cheese and chutney sandwich. Then when I retired I 

stopped so I’ve now gone on to other things”  FG3 P02 

Convenience 

foods 

 

“It’s handier [microwave meals]. That’s the problem. Especially if you’re only cooking for one.” FG3 P04 

“I buy prepared veg. I used to look and think why do people do that but now I buy prepared veg. I buy potatoes that 

you can microwave.” FG4 P02 

“For a long time, Sunday roast was the big thing for all my family and I always cooked it and I did enjoy it. Now I don’t 

really do that. I would probably be more into my stir fries. Something quick and simple” FG3 P02 
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Table 3.6: Summary Table Of Facilitators Of Healthy Eating Emerging From Focus Group Interviews  

Physical 

health 

 

“About 8 years ago I discovered I had osteoporosis so I read up about all the food that is good for that, for your bones 

and things. So I eat quite bit of oily fish and drink milk” FG3 P01 

“Well I have bowel trouble and I think it helps (eating flaxseeds). Especially with the fibre” FG2 P01 

“Since I took this heart attack I am watching exactly what I’m eating now” FG4 P04 

Food 

industry 

 

 “You buy something in the supermarket with so many ingredients you think ‘my goodness, do we really need all of 

that?’ so I would tend to eat simpler and something purer and nearer to its source of origin” FG1 P07 

“There’s a vast range of products available now from all over the world and you’re always tempted to try something 

new” FG1 P06 

“There’s a lot of deception out there and people have to be very aware as consumers. They have to be really aware 

that the manufacturers are out to, not trick  them, but encourage them to believe they are choosing a healthy option 

when maybe they’re not” FG3 P03 
 

Table 3.7: Summary Table Of Barriers to Healthy Eating Emerging From Focus Group Interviews 

Contradictory/ 

confusing 

information 

 

“I think nutrition has become so complicated. It used to be, you need more vitamins so you drink more orange juice 

but then there’s a ‘but’ now and I think that is the problem” FG3 P05 

“Although I read there for all the bran and bread that we eat, you might as well just have the white bread. There’s 

not too much difference in it and that was in the Woman’s Own” FG4 P01 

“They do have to read through a lot of crap on the packaging really to determine what is actually the real stuff instead 

of something that reports to be a health product and actually isn’t” FG3 P03 
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Table 3.7: Summary Table Of Barriers to Healthy Eating Emerging From Focus Group Interviews 

Attitudes 

towards 

healthy eating 

“I don’t know if there’s any benefit now for the likes of us. Like at our age. I just eat whatever I want” FG2 P03 

“Speaking personally, I don’t worry too much about these things [eating healthy] because I’m now 84. I got to this 

age without any serious illnesses. I've never thought too much about what I’m eating and I think I’ve done fine” FG1 

P06 

“Well I think when we reach the age that we are you don’t worry anymore about what you eat. You know what I 

mean, you let yourself go free because you don’t really feel like eating anything sometimes” FG2 P02  

Oral health 

 

“Well mine [food choices] have definitely changed since I got false teeth. I can’t eat half the stuff I used to eat” FG2 

P02 

“I love nuts but they can be a bit of a problem. It’s not the same as having your own natural teeth” FG4 P02 

“I haven’t eaten an apple conventionally for many years but it doesn’t stop me eating apples. Same again with raw 

carrots, raw cabbage” FG1 P07 

Appetite  

 

“I know your appetite changes. Dinners are the last thing on my mind now…” FG2 P03 

 “Well I just have a wee cup of tea and Soreen loaf and maybe a couple of custard creams [for dinner]” FG2 P03 

“I don’t have an appetite at any stage so I just eat to keep going” FG1 P03 

“And I eat nothing compared to what I used to eat” FG4 P01 

Family and 

living 

circumstances  

 “I live alone so when I come to a time, 6 o’clock when I should be thinking of dinner I find it very hard to even put 

on a pan and do 2 or 3 eggs. I find I can't motivate myself to do that. So, I find I have a can of rice instead...” FG1 

P03 

 “There’s a lot of sweetie carbohydrate stuff there [in the house] which basically we wouldn’t eat unless they’re there 

[grandchildren]” FG3 P04 

“At home, there’s no pleasure in food at all, on my own” FG1 P03  
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Table 3.7: Summary Table Of Barriers to Healthy Eating Emerging From Focus Group Interviews 

Food labelling 

 

“You need to be a scientist to read some of the labels to understand what the impact is” FG3 P03 

“No we’re going to have to start reading labels and that’s the problem, I don’t read labels” FG4 P02 

“I have started checking things like fat content and sugar content, and I have changed different things because I 

know it’s less” FG1 P02 
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3.4.2.2 Intervention Feedback 

When researchers discussed the structure of the dietary intervention programme and 

asked participants for feedback on the intervention booklet, five key themes emerged 

that fed into further intervention development.  These five themes include habit 

suggestions, habit variety, intervention booklet acceptability, intervention booklet 

suggestions and food clarity.  Table 3.8 displays these themes with example 

quotations. 
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Table 3.8: Summary Table Of Emerging Themes on Intervention Development From Focus Group Interviews 

Habit 

Suggestions  

“Eating a banana every morning instead of digestive biscuits” FG1 P07 

“You could stew your fruit” FG1 P02 

“A switch to a healthier protein source, I’d say I would change to chicken or turkey because you can introduce it into 

so many things…hot foods and cold  

salads and sandwiches …Pasta and rice and all kinds of dishes.. it’s so adaptable” FG1 P04 

“I have raisins every morning” FG2 P01 

“Instead of having a biscuit with my morning coffee I had a banana so I have a bit of sugar going in” FG3 P03 

“I would take grapes with yoghurt” FG3 P02 

“I would have blueberries or strawberries or some other form of fruit on my porridge every morning” FG3 P01 

“Suppose I could switch a cup of coffee for a glass of fruit juice if I didn’t think there was too much sugar in it” FG3 

P03 

“I switched to 1% [milk] with the red top and I haven’t noticed any difference” FG3 P05 

“…skipping your jam and marmalade on your toast. You know, if you tried a banana” FG4 P02 

“How about adding a hard-boiled egg into a salad sandwich?” FG4 P02 

Habit Variety   “Well you could have it 3 times a week maybe [soup]. If you have it every day, I know if you live alone you think ‘oh, 

this again’” FG1 P04 

“Have variety” FG1 P01  

“I wouldn’t want to eat fish every day. Nor would you want to eat chicken repeatedly. You know the way you can have 

the fruit everyday” FG4 P04  
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Table 3.8: Summary Table Of Emerging Themes on Intervention Development From Focus Group Interviews 

Intervention 

Booklet 

Acceptability  

“It’s easy to read. The colour’s good” FG1 P04  

“Font size is good. I would say it’s bang on” FG1 P06 

“I thought generally it’s very, very good. A lot of work, a lot of thought and congratulations to those who will be going 

it” FG1 P03  

“It’s a reference manual to a certain extent. You’re not going to take it all in, you’re going to have to go back over it” 

FG1 P06 

“Yes, the colours on that page are great” FG2 P01 

“No the language isn’t foreign or anything” FG2 P03 

“I can’t think of anything else really [other suggestions]. It’s pretty comprehensive” FG3 P06 

“Yes, I’d say you could get into that habit… there’s something that could cover most people and could attempt” FG4 

P02 

“Oh, we should’ve been told all this years ago” FG4 P02 

“It’s quite straightforward and you don’t want to give people too much to read because it’s too cumbersome” FG4 

P03  

Intervention 

Booklet 

Suggestions 

 “What about ‘purpose’ at the very beginning of the document, a section, just a very short section introducing the 

purpose of the document” FG 1 P06 

“Can I just say if it’s for folk who are older that you would need to put in not just grams” FG1 P05 

“I just wonder how susceptible we are to advertising and again the media” FG1 P01 

“Not enough people are computer competent [to have an online component to intervention] at 70 beyond” FG P05 

“White spaces is another key feature in terms of readability that if a document gets too dense… it’s a turn off” FG1 

P06 
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Table 3.8: Summary Table Of Emerging Themes on Intervention Development From Focus Group Interviews 

“Well I have one suggestion and that is that the dietary wheel to show where all of this fits into context. Perhaps 

would be useful on a page at the  

beginning so that where you’re giving advice on fruit and veg, you can see it within the context of the whole diet” FG1 

P02  

“Excuse the pun but I think people now want stuff in bite-size chunks when you give them text” FG 1 P07  

“If you make a suggestion of different types of fruit that maybe people haven’t tried, they might be more enticed to 

give it a go and like it” FG1 P05  

“I’d try to get rid of that negativity in that particular sentence. You can turn that sentence around, rather than say what 

should be avoided, promote what  

should be encouraged” FG1 P07 

“I know nothing about computers [to have an online component to intervention] …we’re too old for that” FG2 P02 

“I don’t know, maybe like recipes” FG2 P02 

“There’s a lot of deception out there and people have to be very aware as consumers. They have to be really aware 

that the manufacturers are out to, not  

trick them, but encourage them to believe they are choosing a healthy option when maybe they’re not” FG3 P03 

“Maybe add a bit on about the proviso about the fact that, you know, check the contents of the cereals or anything 

else you’re buying because it can report  

to be healthy and actually it’s not much better than a white chocolate scone” FG3 P03 

“Maybe sweeten isn’t the right word but flavour” FG3 P02  

Food Clarity  “I’m not too sure that people know what they [wholegrains] are or not” FG1 P01  

“What’s that? Bulgur?... I’ve never heard of it” FG2 P01 
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Table 3.8: Summary Table Of Emerging Themes on Intervention Development From Focus Group Interviews 

“You see that there, hummus, I’m not sure what way you pronounce it… I've seen it before and always wondered 

what it is” FG2 P02 

“What are whole meal breakfasts cereals?” FG2 P02 

“What’s an avocado?” FG2 P03 

 “I’m really astonished that canned fruit counts [as 1 of your 5 a day]” FG3 P03 

“I wouldn’t count it [fruit juice as 1 of your 5 a day]” FG3 P05 

“Now this is actually very interesting. I didn’t know the things that were labelled multigrain, made from wholegrain, 

are just white bread in disguise” FG4 P02 

“What is that [quinoa]?” FG4 P04 
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3.5 Discussion 

The aim of Phase 1 of this study was to develop a tailored habit-based dietary 

intervention and to adapt the resource for an older population. After grasping a good 

theoretical basis of the habit formation concept by drawing on existing evidence and 

theory, intervention feedback and insight into diet and food choice from the target 

group was sought. As the MRC Guidelines report, this design stage was fundamental 

for allowing for a greater understanding of the context, and the underlying issues and 

processes involved in optimising this dietary intervention among older people 

(Campbell et al., 2007).  

3.5.1 Barriers and Facilitators to Healthy Eating  

Analysis of focus group interviews identified key themes and constructs relevant to 

older adults. Consideration of what encourages or prevents their healthy food choices 

was paramount to understanding how to tailor the developed intervention effectively 

(Edelman, Mandle and Kudzma, 2014; Robinson, 2018). For example, some of the 

participants felt their food choices and daily eating routine have changed following 

the transition from employment to retirement, mainly as result of having more time for 

food preparation, offering an ideal window of opportunity for intervention (Lara, 

Hobbs, et al., 2014). In contrast to existing literature, convenience foods such as 

ready-to-eat vegetables had a positive impact on some of the participants’ diets, 

which was largely tied in with cooking for less people (Peura-Kapanen, Jallinoja and 

Kaarakainen, 2017). Ready-to-eat fruit and vegetables can be a useful method to 

encourage older adults to eat healthier and therefore should not be overlooked when 

developing dietary interventions for this age group. These foods however, can be 

perceived as more expensive but when the researcher probed the issue of cost it 

didn’t appear to be an issue for most in this sample. In spite of these findings, as the 

financial implications of diet are widely recognised within the literature, a cost 

component of eating on a budget was incorporated into the DENHAB intervention by 

comparing healthy alternatives to unhealthy alternatives (Age UK, 2018; Whitelock et 

al., 2018). While quite a few of the participants reported relying on pre-prepared 

foods, a small number of participants expressed concern regarding the authenticity 

of ingredients found in processed foods, prompting them to purchase locally 

produced, unprocessed  fruit, vegetables and meat. This was a key emerging theme, 

as food authenticity is not commonly reported as a determinant of food choice in this 

population. Deteriorating health provoking a positive impact on food choice was 

another emerging theme. Previous research suggests that older adults become more 
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engaged with their health following a disease diagnosis (Brownie, 2013). This change 

in behaviour may be explained by the perceived threat theory, a component of the 

health belief model that explains that an individual’s level of motivation to change 

behaviour is related to the perceived susceptibility to a threat and the seriousness of 

the expected consequences (Morris et al., 2012). Alongside this, participants that 

mentioned taking a nutritional supplement believed that it was beneficial for 

preventing a certain ill-health condition. 

Some themes overlapped as both a barrier and facilitator. For example, while the 

nutritional information displayed on food labels can help people make informed 

choices, some of the participants felt the alleged health claims can be confusing and 

misleading which is an important factor to consider during intervention delivery (see 

Table 3.7). Although most of the sample demonstrated a general understanding of 

healthy eating which seemed to lead to improved food choices, for some of the 

participants, however, this knowledge was not enough to prompt dietary behaviour 

change. Even though the majority of participants were receptive to the notion of 

making dietary changes, these participants felt reluctant to make changes to their diet 

because they believed they were too old to avail of any health benefits. Previous 

research has also found that this is a belief expressed by some older adults, and that 

enjoyment of food is a higher priority and somewhat an earned entitlement at this 

stage in life (Bloom et al., 2017; Whitelock et al., 2018). Future research should focus 

on supportive methods to modify the misconception that this population are past the 

point of benefiting from eating healthily. Quite a few of the participants felt that 

nutritional advice is often conflicting, which creates confusion regarding what foods 

should be included as part of a healthy balanced diet (see Table 3.7). The confusion 

and frustration older adults feel in relation to mixed and changing nutritional advice 

has been previously reported (Host et al., 2016). Research shows that exposure to 

conflicting health information has the potential to lead to less trust in nutrition 

recommendations and reduced engagement in health behaviours (Nagler, 2014). 

This accentuates the importance that nutritional advice provided to the public, 

especially older adults, should be evidence-based, clear and consistent. Although the 

media can be an effective tool for persuading populations to adopt new healthier 

eating behaviours, it was evident in this population group that it can also lead to 

nutritional information being misinterpreted. Whilst not all participants reported having 

oral health issues, those that did discuss the impact their dental status had on their 

food selection (see Table 3.7) was in line with existing literature (Walls and Steele, 

2004; Nicklett and Kadell, 2013; Bomfim, de Souza and Corrente, 2018). Many of 
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those with oral health issues reported the difficulties they have eating certain fruit and 

vegetables, nuts and cooked meat. Some of the participants, however, mentioned 

employing various preparation methods to overcome the difficulty they have 

consuming these foods that were considered for the oral health section within the 

intervention booklet, such as cooking to soften the texture or reducing the size by 

cutting it into smaller pieces. Some of the older participants reported a declining 

appetite, and appeared to opt for unhealthier snacks as a substitute for a main meal. 

Approximately half of participants reported living alone, which appears to impact 

some of the participants’ motivation to cook, and instead opt for pre-prepared 

foods/meals of a reduced nutritional value. Family members (children and 

grandchildren) had a mixed impact on the foods that participants ate. For example, 

some participants were more likely to have a proper meal in the presence of their 

family members, whilst others reported that they ate more unhealthily, due to sugary 

foods they had in the house for the grandchildren. Overall, focus group discussions 

informed the development of the intervention and identified barriers that can be 

reduced and facilitators promoted to give way to healthier food choices. Of course it 

would be naïve to suggest that an intervention can be developed to offer solutions to 

all of these barriers and facilitators. However, this greater awareness will inform the 

wider health outcomes and questionnaires required to capture the factors that 

influence food choice personal to the participant that may rival habit-formation.  

 

3.5.2 Intervention Booklet Feedback  

Undertaking qualitative focus group research allowed for an exploration of issues of 

design of the intervention booklet and structure of the dietary intervention programme. 

Participants were given copies of the booklet as researchers explained the overall 

delivery process, followed by designated time given for participants to read through 

the booklet themselves for feedback. Information generated from the five key themes 

were used to fed into and further develop the intervention. For example, as the MRC 

guidelines point out that complex interventions may work best when tailored to local 

circumstances rather than being completely standardised, the older adult participants 

were asked to come up with examples of daily habits that they currently did or felt that 

they could implement into their daily routine (Craig et al., 2013). This helped to further 

generate a user-driven list of simple healthy habits to choose from that focus group 

participants felt were achievable to the wider older adult population. However not all 

of the suggested self-chosen habits were incorporated as some suggestions were not 



 

137 
 

relevant or considered as healthy such as replacing white sugar with brown sugar or 

combining breakfast and lunch to brunch. Although participants overall found the 

majority of predefined habits doable, an emerging theme was the importance of 

having variety within their healthy habits to avoid monotony. Another emerging theme 

was the need for food clarity when delivering the intervention as with an increasingly 

diverse food environment in comparison to the limited food resources that this 

population had growing up, some older adults were unfamiliar with a number of food 

examples given in the booklet. Although removing these foods from the booklet was 

contemplated, the decision was made to keep them as some participants reported 

that they would be willing to introduce new foods into their diet.  However overall, 

participants largely accepted and were extremely positive regarding the ease of 

reading the dietary intervention booklet and its layout, format and colour but a number 

of suggestions were made to enable participants to fully engage with the resource. 

Recommendations taken from Table 3.8 were used to inform the changes that are 

detailed within Section 3.5.3.  

 

3.5.3 Phase 1 Changes  

A number of minor changes were made to the intervention booklet as a result of 

Phase 1 focus groups but also through feedback from the multidisciplinary DENHAB 

researcher team. Phase 1 also highlighted the need for a number of considerations 

for the researchers during intervention delivery including clarification of unfamiliar 

food groups but also for further clarification depending on the participant’s self-chosen 

habit. For example, if an individual were to choose eggs for a healthy habit, the 

research around egg and cholesterol consumption may need to be discussed. A 

summary of changes to the intervention as a result of conducting Phase 1 

development is outlined in Table 3.9.  
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Table 3.9: A Summary of Dietary Intervention Changes after Phase 1 by Section 

Introductory Section 

 

 

 

 

 

 

 

 

 

 

 A short section added introducing the purpose of the research  

 Sentence added to explain that healthy eating doesn’t have to be complicated  

 Sentence added to clarify that it is never too late to benefit from making positive 

dietary changes in later life  

 Sentence added to follow evidence-based dietary advice as media often give 

conflicting dietary messages  

Habit Sections  

 

 

 

Fruit and Vegetable Habit Section 

 Habit suggestion of fruit with jelly as part of dessert changed to low sugar jelly  

 

Wholegrain Habit Section 

 Wholegrain serving size updated  

 Examples of breads that are brown in colour but not wholegrain were added to 

avoid confusion 

 

Healthy Protein Habit Section 

 Milk habit suggestion changed to semi-skimmed or skimmed milk only to avoid full 

fat versions being  used 
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 Yogurt changed to plain/natural/Greek style only  

 Language terminology changed to flavour yoghurt rather than sweeten yoghurt 

 Fried egg removed from list of suggested habits  

 Added into fish/chicken suggested habit that they should be non-battered/ non-

breaded  

 Other healthier dairy alternatives added into suggested habits such as quark, and 

fromage frais 

 Nuts removed as suggestive healthy habit due to common oral health problems 

Oral Health Section 

 

 

 Suggestion of cooking or stewing fruit to soften added 

 Comment added to ensure meat is tender or minced   

 Suggestion added to avoid corn on the cob to list  

Overall Layout   Minor spelling errors changed 

 More pictures of peers added 

 Terminology for each habit section added to “choose something that you can work 

into your normal routine” 

 Measurements updated to ounces and grams  



 

140 
 

3.5.4 Study Strengths  

A key strength of this study is that, the research team felt that data saturation had 

been reached and were confident that enough information was provided to feed 

intervention development sufficiently. As well as achieving a good sample size of 

older adult participants, the study benefited from having input from an experienced 

multidisciplinary research team.  It was also an important study strength that input 

from the target population played a key role in informing intervention refinement and 

influenced the study design (Bagley et al., 2016). Overall best practice was adhered 

to and MRC instructions were fulfilled as the intervention was developed 

systematically, using the best standard of evidence available and relevant theory prior 

to testing for feasibility (Craig et al., 2013).  

 

3.5.5 Study Limitations  

A number of limitations were acknowledged, including that this study used a 

convenience sampling method, which consequently limits the representativeness of 

the heterogeneous diversity of the UK older adult population. Certain groups may 

have been underrepresented, particularly the very old, individuals suffering from 

complex health issues and those from deprived backgrounds or different ethnicities. 

This may be a reason why mobility, accessibility and economic constraints were not 

recognised as themes within the discussions, but have been identified as important 

themes in previous similar studies (Bloom et al., 2017; Whitelock et al., 2018). 

Another concern was that the Multiple Deprivation Score is typically not used on an 

individual basis which may limit findings. However given that participants were mainly 

retired it was the best tool available (NISRA, 2018). Testament to the well-educated 

sample, it was clear that a number of participants were already very knowledgeable 

on their diet and nutrition.  These participants may have therefore volunteered 

because they were more interested in food and diet topics than the majority of the 

population which again questions sample representation.  As at least two of the four 

focus groups were recruited from within centres or community groups, individuals 

within focus group interviews were familiar with each other which may have 

diminished the accuracy of responses (Public Health Institute, 2010). Further 

limitations included using an invalidated self-reported background questionnaire and 

also not using NVivo software for thematic analysis.   
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3.6 Conclusion 

To conclude, the use of a qualitative methodology allowed for an exploration of 

subjective experiences and attitudes that provided deeper insights than desk-based 

research alone. Given the vast range of barriers and facilitators to healthy diet 

optimisation, it is clear that no one fit all approach exists for the older adult population 

group and that individualised tailored approaches are pivotal.  Active engagement 

with the target population for design input prior to its implementation results in a user-

driven intervention and builds a firm groundwork to explore if older adults can achieve 

eating behavioural stability through healthy habit formation. In line with the MRC 

guidelines, the intervention was developed to the point where it was reasonably 

expected to have a worthwhile effect and therefore warranted further testing for 

feasibility in Phase 2 of this study (Craig et al., 2013).  
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CHAPTER 4 – FEASIBILITY OF THE HABIT-BASED TAILORED DIETARY 

INTERVENTION (PHASE 2) 

 

4.1 Introduction  

This chapter outlines a feasibility study (Phase 2) which was conducted to test the 

feasibility and acceptability of a tailored habit-based dietary intervention coupled with 

oral rehabilitation on older adults which was developed and defined in Chapter 3. 

Feasibility studies are “a version of the main study that is run in miniature to test 

whether the components of the main study can all work together, focusing on the 

processes of the main study, it will therefore resemble the main study in many 

respects” (National Institute for Health Research, 2018). Over the last decade, 

feasibility or pilot studies have become increasingly incorporated into trials as given 

the considerable cost and time investments from both researchers and funders, there 

is now a greater demand to assess and examine where the need for improvements 

lies for the design, planning, justification and conduct of trials (Moher et al., 2016; 

Blatch-Jones et al., 2018). Furthermore testing for feasibility offers the unique 

opportunity to identify and prepare for the challenges and reduce or eliminate issues 

that limit the successful delivery of the main study (Feeley et al., 2009). This would 

ultimately help to avoid methodological flaws and enhance scientific rigour and value 

of the full-scale trial.  

 

This feasibility  study was conducted in order to adhere to the guidance provided by 

the MRC framework which highlights the importance of evaluating the feasibility of 

complex interventions (Craig et al., 2013). As outlined in Figure 4.1, the framework 

stresses the need for adequate feasibility or piloting (alongside adequate 

development work)  to fan out the practical issues of implementation or else it “will 

result in weaker interventions, that are harder to evaluate, less likely to be 

implemented and less likely to be worth implementing” (Craig, 2006). It points out that 

a feasibility or pilot study does not need to be a ‘scale model’ of the full-scale study, 

but should address the key uncertainties identified in the development stage.  
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Figure 4.1: Key elements of the MRC Guidelines for Complex Interventions  

 

The MRC guidelines also state the importance of incorporating a mixture of qualitative 

and quantitative methods in order to achieve full feasibility. This is particularly relevant 

as the Consolidated Standards of Reporting Trials (CONSORT) stress that difficult-

to-measure concepts such as lifestyle behaviour change need to be appropriately 

assessed for the future definitive trial (Eldridge et al., 2016). The purpose of testing 

for feasibility in this study allowed for key uncertainties identified during the 

intervention development (Chapter 3) to be examined in order to advise for Phase 3 

appropriately. This specifically included issues around screening, acceptability, 

intervention delivery, compliance, recruitment and retention and attrition rates.  

 

4.2 Chapter Aims 

 

1. To evaluate the feasibility and acceptability of a habit-based dietary 

intervention in combination with oral rehabilitation on an older adult 

population for Phase 3 refinement including: 

a) Testing of screening and recruitment strategies  

b) Acceptability of intervention delivery, questionnaires, study measures and 

study materials to participants  

c) Incorporation of additional study measures 

d) Testing preferred intervention delivery settings 
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2. To test whether a habit-based dietary intervention in combination with oral 

rehabilitation can produce trends for increased self-reported automaticity 

for healthy food choices 

 

3. To test whether a habit-based dietary intervention in combination with oral 

rehabilitation can produce trends for improved diet quality, nutritional 

status and food-related well-being 
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4.3 Methods  

4.3.1 Study Design Overview  

As already outlined, Phase 2 consisted of a non-randomised (single-arm) feasibility 

study to test the acceptability of the dietary intervention developed during Phase 1 

among older people. This allowed for appropriate adjustments and refinement of the 

dietary intervention, to be carried out before the RCT in Phase 3. 

 

Eligible participants who received the tailored habit-based dietary intervention met 

with one of two researchers four times at fortnightly intervals (see figure 4.2 for 

timeline) at the Centre for Dentistry at the Royal Victoria Hospital.  Researchers (LAM 

and LM) were trained in habits and behaviour change methods prior to intervention 

delivery. The researcher delivered the dietary intervention using a standardised 

protocol to discuss a new healthy habit to incorporate into the participant’s diet each 

time as identified from Phase 1 development (fruits and vegetables, wholegrains and 

healthy proteins). Participants were also asked to attend assessments at baseline 

and at the end of the intervention (8 weeks later).  
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4.3.2 Participants 

Community dwelling, independent older adults who had recently completed oral 

rehabilitation treatment for partial tooth loss at the Centre for Dentistry within the last 

6 months were informed about the feasibility study and invited to participate. The 

specific Stage 1 inclusion and exclusion criteria for the study were: 

Inclusion Criteria (Stage 1) 

 Partially dentate with missing teeth replaced with removable partial dentures 

or fixed prosthodontics within the last 6 months at the Centre for Dentistry; 

 65+ years; 

 Free-living participant (i.e. independent, and did not reside in a care facility) 

 

Exclusion Criteria (Stage 1) 

 Clinically diagnosed dementia; 

 Diabetes mellitus (T1D, or T2D); 

 History of alcoholism; 

 Active treatment for psychiatric disorders (which indicates limits to daily 

functioning); 

 Medical complication which contraindicate routine dental treatment (e.g., 

unstable Angina; INR level>4; high risk of infective Endocarditis); 

 Was currently following a strict diet regime recommended by a physician in 

the prevention or treatment of disease; 

 Only those without significant food restrictions due to dentition/chewing ability 

at the time of recruitment were eligible, so as not to impact negatively on ability 

to participate in the dietary study. 

 

Eligibility was assessed from patient medical history notes from the Centre for 

Dentistry using a screening questionnaire (see Appendix 4.1). This was conducted 

by the researchers and PI prior to contacting potential participants. 

Those eligible from Stage 1 for further Stage 2 eligibility criteria screening were then 

assessed during a discussion with the patient and were excluded if they: 

 

Exclusion Criteria (Stage 2) 
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 Did not have a sufficient level of English literacy to read study materials and 

keep a food diary; 

 Were not able to recite their understanding of the study back to the researcher, 

after reading the participant information sheet and discussing the study with 

the researcher (to ensure people with mild cognitive impairment/ cognitive 

decline/memory problems were able to give informed consent and participate 

in the study); 

 Did not feel that they could take any responsibility for diet changes discussed 

during the course of the study, for example, they were required to be able to 

influence the type of foods bought and eaten in their household; 

 Did not feel that making changes to their diet was important to them; 

 Did not feel they were ready to make changes to their diet (i.e. would only 

consider changes in 6 months’ time or more). 

4.3.3 Recruitment 

Recruitment commenced in July 2017 until September 2017. Participants were 

identified, approached and recruited in the following way: 

At Centre of Dentistry (review appointments) 

Patients who had recently completed oral rehabilitation treatment for partial tooth loss 

at the Centre for Dentistry, Royal Victoria Hospital, within the last 6 months, and were 

attending a review appointment were informed about the study and invited to 

participate by the PI, Dr Gerald McKenna (GM) (Consultant in Restorative Dentistry). 

Oral rehabilitation for partial tooth loss included removable partial dentures or 

functionally orientated treatment based on the principles of the SDA or other fixed 

prosthetics. 

Potentially eligible participants were identified through the screening of medical 

history notes on (Stage 1) inclusion/exclusion criteria in advance by either the PI or a 

member of the research team. Those eligible at Stage 1 were assessed for further 

Stage 2 eligibility through the course of the discussion and notes were recorded on 

inclusion/exclusion reasons in the Screening Questionnaire.  

It was emphasized that the research study was purely voluntary and not something 

that they should feel obliged to undertake as part of their clinical care. If someone 

expressed potential interest in the study they were given a copy of the PIS (see 

Appendix 4.11) which included the researcher’s contact details. Participants who 
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were interested were able to make contact with the researcher to discuss the study 

in more detail, or if consent was given, the researcher would contact them. Potential 

participants were given at least 48 hours from discussing the study to decide if they 

consented (Appendix 5.18) to take part. 

By letter  

Patients who were identified as potentially eligible from Stage 1 inclusion and 

exclusion criteria were sent a brief covering letter to introduce the study along with a 

PIS and a ‘consent to be contacted’ response form which was to be completed and 

returned to the research team in a stamped addressed envelope. Once this 

completed form was received, a member of the research team made contact with the 

patient to provide further information on the study and arrange an assessment 

appointment if indicated. 

Patients were also given the option of responding directly to the research team via 

telephone or email to hear more about the study if they wished. If patients agreed to 

participate in the research study, a letter to their General Practitioner (GP) was sent 

to alert them of their involvement (see Appendix 4.2). 

4.3.4 Data Collection 

During the delivery of the dietary intervention (roughly 30 minute sessions at 

fortnightly intervals), participant information was collected to assess dietary habit 

formation by one of two researchers (See Section 4.3.4.1). In addition to this, 

participants were also asked to attend an assessment at two time points – baseline 

and 8 weeks. However, during the course of the intervention it became apparent that 

the 8 week visit was not necessary and could be easily combined with the 6 week 

visit. Therefore, to reduce participant burden, it was decided that length of follow-up 

would be changed from 8 weeks to 6 weeks, thus reducing the number of study visits 

by combining the last two. These visits lasted approximately 2 hours to allow sufficient 

time for the researcher to carry out the study visits in accordance with the Intervention 

Protocol. This included obtaining study consent (baseline only) (See Appendix 4.3), 

the completion of questionnaires, anthropometry measures, discussion of food 

diaries, sufficient breaks if required and a qualitative interview (6 weeks only).   

Additional outcomes were collected in the main RCT (see Section 5.3.4.2).  

4.3.4.1 Habit assessment  
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The key component of habit measurement was “automaticity” which will be referred 

to throughout subsequent results and discussion sections. Automaticity was 

assessed using the 4-item Self-Report Behavioural Automaticity Habit Index (SRBAI) 

(Gardner et al., 2012). Each of the three targeted dietary domains (i.e. fruit and 

vegetables, wholegrains and protein) were assessed. An example of a question would 

be “eating three or more portions of fruit or vegetables each day is something…” 

Participants were then assessed using the 4-items of the questionnaire as outlined in 

Figure 4.3.   

 

 

 

 

 

 

 

 

 

 

Figure 4.3: Domains of the four-itemed SRBAI questionnaire  

 

Respondents answered the degree to which they agreed with each of the four-itemed 

statements using a seven-point Likert scale ranging from strongly agree (7) to strongly 

disagree (1) for all three dietary domains. Contrary to the original automaticity scale 

an additional value was added for ‘not relevant’ (0) to minimise misuse of the Likert 

scale for participants who had never performed the behaviour (Judah et al., 2018). A 

mean value of the four-itemed statements was given to provide a SRBAI score 

(SRBAIS).  
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4.3.4.1.1 Generic Automaticity 

Generic automaticity items were assessed at baseline and 6 weeks alongside the 

SRBAI questionnaire for each dietary domain under the following way as outlined in 

Figure 4.4. See Appendix 4.4 for generic automaticity items under the Lifestyle and 

Habits questionnaire.   

 

 

 

Figure 4.4: Dietary domain classifications for generic automaticity items  

 

4.3.4.1.2 Tailored Habit Automaticity  

Automaticity items for individually tailored (participant specific) habits for each dietary 

domain were taken at every fortnightly session also using the 4-item SRBAI under 

the same format as the generic automaticity items for each dietary domain. See 

Appendix 4.5 for the full Intervention Participant Questionnaire Booklet to assess 

habit-formation.  

4.3.4.1.3 Additional Habit-related Outcomes 

In order to verify automaticity findings a number of other self-reported questionnaires 

were asked at each fortnightly session, including (Appendix 4.5):  
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Eating 3 or more portions of fruit or 
vegetables each day is something...

Choosing wholegrain options (e.g. 
bread, pasta, rice, etc.) over white 

alternatives is something...

… ‘I do automatically'

… ‘I do without having to 
consciously remember’

… ‘I do without thinking'

… ‘I start doing before I 
realise I’m doing it’

Choosing healthier sources of protein 
(such as fish, lean meats, chicken, 

beans, pulses (e.g. chickpeas/lentils) 
dairy or eggs) instead of red or 

processed meats is something...
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 Self-regulation of eating behaviour questionnaire (SREBQ) – 5-items 

(Kliemann, Beeken, et al., 2016). This questionnaire is on a 1-5 Likert scale 

of how much the participants feel that they “never” (1) to “always” (5) do the 

5-item statements.  

 Tooth brushing frequency - 1 item (Gil et al., 2015). 

 Appetite assessment self-report – 1 item (Wilson et al., 2005). 

 Based on the Theory of Planned Behaviour: behavioural intention and 

planning (to eat fruit and vegetables, wholegrains and healthier protein 

sources) – 2 items (Ajzen, 2006). These questions were answered using a 7-

point Likert scale ranging from strongly agree (7) to strongly disagree (1).  

 Based on the Theory of Planned Behaviour: behavioural frequency (number 

of days doing each individually tailored habit over the previous two weeks) – 

1 item (Ajzen, 2006). 

Tracking sheets were given to participants to log their dietary habits during the course 

of the intervention, as shown in Figure 4.5 and were collected post-intervention 

delivery. Researcher field notes were also used to verify automaticity findings and to 

report on the participant’s habit-formation process.  

 

 

 

 

 

 

 

Figure 4.5 DENHAB Intervention Tracking Sheets  

4.3.4.2 Questionnaires  

In addition to automaticity-related questionnaires as mentioned above, a lifestyle 

questionnaire was conducted at baseline and 6 weeks to collect demographic and 

general health information.  Data collected included information on food 
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supplementation, dietary requirements, education, occupation, tobacco and alcohol 

use and medical history. The questionnaire can be found in Appendix 4.4. 

Food related well-being was measured at baseline and 6 weeks with the 5-item 

Measure of Satisfaction With Food-related Life Questionnaire (see Appendix 4.6) 

(Grunert et al., 2007). Satisfaction with food-related life (e.g. food and meals are 

positive elements in my life) was captured using a 7-point Likert scale ranging from 

strongly agree (7) to strongly disagree (1).  

Assessment of nutritional status was measured at baseline and 6 weeks using the 

Mini Nutritional Assessment (MNA), a widely validated questionnaire for people aged 

65 years and older (Vellas et al., 1999). The 18-item MNA instrument is comprised of 

the following over the past three months: decline in food intake; weight loss; mobility; 

psychological stress or acute disease; neuropsychological problems (dementia or 

depression); BMI; independent living; number of prescription drugs; pressure sores 

or skin ulcers; meals per day; daily intake of protein; daily intake of fruit and 

vegetables; daily intake of fluid; autonomy of feeding; self-view of nutritional status; 

self-view of health; mid-arm circumference; and calf circumference. Each of the 18 

items are weighted to calculate a total assessment score which is translated into three 

malnutrition indicator score categories: normal nutrition status (MNA score 24–30), at 

risk of malnutrition (MNA score 17–23.5), or malnourished (MNA score <17). The 

questionnaire can be found in Appendix 4.7. 

A study-specific habit-based dietary intervention evaluation questionnaire (see 

Appendix 4.8) was given at only the 6-week time point to gather information on the 

participant’s opinions, thoughts and experiences of the dietary intervention. The 

questionnaire used Likert scales which ranged from not helpful at all (1) to very helpful 

(10) in improving the participant’s diet (e.g. How helpful did you find keeping a log of 

your new healthy eating habits for tracking your progress?). It also used a range of 

categorical-related questions to rate the intervention.  

 

4.3.4.3 Anthropometry Measures  

 Anthropometry measures including height and weight were measured using 

standardized instruments and procedures to generate a Body Mass Index (BMI) 

calculation derived from: weight (kg)/height2 (m2). Similarly, mid-arm circumference 
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and calf circumference were also measured and recorded in centimetres. These 

measurements were used in the calculation of the MNA score. 

4.3.4.4 Food Diary 

Dietary intake was assessed using a 4-day food diary (including 1 day at the 

weekend) at baseline and the 6 week follow-up visit. The researcher reviewed the 

diary for clarity purposes at each visit. Completed food diaries were entered on to a 

nutrition analysis software programme called Nutritics Version 5 and analysed.  

 

4.3.4.5 Qualitative Interview  

Qualitative interviews were conducted using semi-structured open-ended questions 

from an Interview Topic Guide to gather feedback to inform intervention refinement 

(see Appendix 4.9) (Gardner et al., 2014). Interviews were carried out after the 

intervention at the 6 week follow-up visit using the guide to ensure all topics were 

covered but also encouragement was given to participants to speak spontaneously. 

The interview covered topics such as personalised dietary changes, intervention 

delivery, engagement of study materials and improvements for Phase 3. The 

interviews were tape recorded and transcribed verbatim. Participants’ personal 

details were anonymised and audio recordings were destroyed after verbatim 

transcription.  

  

4.3.5 Ethical Approval  

 

This work was conducted in compliance with the requirements outlined in the ESRC 

Framework for Research Ethics. Approval was given from the ORECNI (reference 

number 16/NI/0224) via the IRAS. The copy of the letter for obtained ethical approval 

can be found in Appendix 3.3. Queen’s University Belfast was the sponsor for the 

study which had comprehensive standard operating procedures in place, both for the 

approval and monitoring of research of this type. The study was conducted in line with 

the Belfast Health and Social Care Trust Research Governance Framework for Health 

and Social Care (reference number 6086GMcK-SW), the principles of Good Clinical 

Practice and the Data Protection Act 1998. The ISRCTN of the study was 

ISRCTN66118345. Written consent to participate was sought from all participants and 

guidelines from the Declaration of Helsinki were adhered to. Comprehensive 
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procedures were in place to ensure that the data was held securely, including the use 

of encrypted laptops and other devices with appropriate levels of password protection. 

Although not anticipated, any unexpected events if occurred were to be reported 

directly to the ORECNI and Dr McKenna as PI.  

 

4.3.6 Sample Size  

A sample size of 8-10 participants was estimated to be sufficient to meet the aims of 

this single-arm feasibility study including evaluation of the dietary intervention’s 

feasibility.  

 

4.3.7 Data Analysis 

4.3.7.1 Statistical Methods 

 

SPSS Statistics for Windows version 22.0 (SPSS Inc, Chicago, IL) was used for all 

analyses. Descriptive statistics were used to present the results because it is not 

appropriate to perform significance tests for a feasibility study as it is not powered to 

detect significant differences.  

 

SRBAI scores (SRBAIS) between time-points for all three dietary domains were 

presented using mean values of the 4-item questionnaire from baseline to 6 weeks 

(Gardner and Tang, 2014). A sensitivity analysis was conducted recoding the Likert 

scale 0s as 1s. Rationale for this is outlined in Section 4.3.4.1.  

The five item SREBQ score was presented using mean values and a level of eating 

self-regulatory skills given under the following total mean score categories; <2.8 low, 

2.8-3.6 medium, >3.6 high (Kliemann et al., 2016).  

The two item behavioural intentions for each dietary habit were expressed as mean 

and median scores (Ajzen, 2006).  

For the five item Measure of Satisfaction With Food-related Life Questionnaire, mean 

scores were also used. (Grunert et al., 2007).  

Other questionnaire data were summarised as appropriate for the scale of 

measurements used as mean, standard deviation, median, interquartile range, 

frequencies, cross tabulations, and/or percentages where appropriate.  
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Food diary data was transferred from Nutritics Version 5 into SPSS version 22.0 

(SPSS Inc, Chicago, IL) and analysed using descriptive statistics. Nutrition analysis 

focused on mean daily consumptions of nutrients around the three dietary domains 

between baseline and 6 weeks and compared it to UK recommended allowances.  

 

4.3.7.2 Thematic Analysis  

A thematic analysis, as outlined by Braun and Clarke was conducted to code and 

identify key themes identified in the transcripts (Braun and Clarke, 2006). The process 

involved the repeated reading of transcripts followed by generating a list of key codes 

which led to the development of a coding scheme. This coding scheme was applied 

to all transcripts. Codes were then grouped into categories leading to key themes 

being constructed. Only themes relevant to the habit-formation process and 

refinement of the intervention were included by assessing for relevance after coding. 

In order to minimize the potential for bias of the coding process with respect to the 

themes identified, a second researcher also performed the procedure outlined above 

independently.  
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4.4 Results 

4.4.1 Screening 

After following the screening process as outlined in Section 4.3.3, 20 individuals were 

approached but 11 declined for the following reasons:  

No scope for change and ate healthy already; Medical complaint – vertigo and 

travelling too far; Too busy as minds grandchildren; Can’t commit to travel and can’t 

use new dentures; Too busy and eats healthy already; Had stroke and can’t get to 

Belfast; Travel to Belfast too far and can’t commit to study visits; No interest; 

Undergoing medical tests; Away for August and September; No response to dental 

review appt. 

Nine participants were recruited into the feasibility  study. When the nine participants 

were asked, “How ready do you feel you are to make healthy changes in your diet?”  

(1-not at all ready, 10-completely ready), the mean score was 8.1 (median 8). Eighty-

eight percent considered the following statement to be either quite or very important 

with a further 12% somewhat important – “How important is it to you to make healthy 

dietary changes to your diet at this time?.” The question “How confident are you that 

you will be able to stick to any changes to your diet?” showed 88% were either 

somewhat or very confident with a further 12% mildly confident. 

 

4.4.2 Baseline Characteristics 

Baseline characteristics for the participants are outlined in Table 4.1. Two females 

aged 77 and 85 withdrew, one before baseline and the other after baseline, leaving 

seven active participants which gave a 22% attrition rate. 

Table 4.1: Baseline Demographics (n=7)                                                               

 Mean ± SD or n(%) 

Gender  Male 3 (43%) 
Female 4 (57%) 

Age (years) 72.5 ± 9.7  

BMI (kg/m2) 28.5 ± 3.1  

Education (years full-time) 14.1 ± 2.3 

Employment Status 
  

Retired 4 (57%) 
Employed 3 (43%) 
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Table 4.1: Baseline Demographics (n=7)                                                               

Multiple Deprivation Score *, 
median, (SD) 

4.5 (1.7) 

*MDS ranges from a ranking of 1 (most deprived area) to 5 (least deprived area) 
(NISRA, 2018) 

 

4.4.3 Health Behaviours 

Two participants took cod liver oil and one was on a Slimming World diet. All were 

non-smokers and four (57%) were never/occasional drinkers. For brushing teeth and 

cleaning dentures, 83% did it twice a day and 17% did it three times. Just over a 

quarter (29%) of participants described their appetite as average, while 71% 

described it as good or very good.  Nearly all of participants (86%) said that they 

would feel full after eating most of their meal with only one person (14%) stating that 

they would feel full after eating about a third of a meal. Similarly, 14% stated that their 

food taste was average and 86% as good or very good. Most participants (86%) ate 

three meals a day but 14% only ate two meals a day.  

 

4.4.4 Habit Automaticity Scores 

There were increases in SRBAIS between time-points for all three individually tailored 

(participant specific) habits as demonstrated in Table 4.2. There were only slight 

changes in the intention and planning scores between the time-points. The adherence 

to the habit was very high in all three behaviours as demonstrated by the number of 

days participants did their healthy habit. A sensitivity analysis that recoded SRBAIS 

of zero to one (see Section 4.3.4.1 for rationale) showed little or no change to original 

individually tailored SRBAIS. Table 4.3 displays individually tailored SRBAI results 

with the sensitivity analysis against original individually tailored SRBAI results.  

There were also increases in SRBAIS and intention and planning scores for generic 

automaticity items between time-points for all three habits as demonstrated in Table 

4.4.  A sensitivity analysis, that recoded SRBAIS of zero to one showed little or no 

change to original SRBAIS of generic automaticity items. Table 4.5 displays SRBAIS 

for generic automaticity items with the sensitivity analysis against original SRBAIS for 

generic automaticity items.
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Table 4.2: SRBAI Results for Individually Tailored Habits 

 (n=7)           Mean  ± SD Fruit and Vegetables Habit Wholegrain Habit Healthy Protein Habit 

Baseline SRBAIS*  2.7 ± 2.0 1.3 ± 1.1 2.9  ± 2.5 

6 week SRBAIS *  6.0 ± 1.1 5.6 ± 1.2 5.5 ± 1.1 

Baseline Habit Intention Score^#  6.7 ± 0.5 
7.0 (6.0, 7.0) 

6.9 ± 0.4 
7.0 (7.0, 7.0) 

6.8 ± 0.4 
7.0 (6.75, 7.0) 

6 Week Habit Intention Score^#  6.7 ± 0.5 
7.0 (6.0, 7.0) 

6.7 ± 0.5 
7.0 (6.75, 7.0) 

6.7 ± 0.5 
7.0 (6.0, 7.0) 

Baseline Habit Planning Score^# 6.7 ± 0.5 
7.0 (6.0, 7.0) 

6.8 ± 0.4 
7.0 (6.0, 7.0) 

6.8 ± 0.4 
7.0 (6.75, 7.0) 

6 Week Habit Planning Score^# 6.7 ± 0.5 
7.0 (6.0, 7.0) 

6.7 ± 0.5 
7.0 (6.0, 7.0) 

6.7 ± 0.5 
7.0 (6.0, 7.0) 

6 week Adherence to Habit 38.7 of 42 days 24.8 of 28 days 12.2 of 14 days 

*SRBAIS on a scale of 0-7                       ^Intention and Planning Scores on a scale of 1-7                        #median (interquartile range) 
also presented 
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Table 4.3: SRBAI Results for Individually tailored Habits Versus SRBAI Results for Individually tailored Habits with Sensitivity 
Analysis  

 (n=7)           Mean  ± SD 
 

Fruit and Vegetables Habit Wholegrain Habit Healthy Protein Habit 

Baseline SRBAIS*  2.7 ± 2.0 1.3 ± 1.1 2.9  ± 2.5 

6 week SRBAIS*  6.0 ± 1.1 5.6 ± 1.2 5.5 ± 1.1 

Baseline SRBAIS With Sensitivity 
Analysis^ 

2.7 ± 2.0 1.6 ± 0.8 3.0 ± 2.3 

6 week SRBAIS With Sensitivity 
Analysis^ 

6.0 ± 1.1 5.6 ± 1.2 5.5 ± 1.1 

*SRBAIS on a scale of 0-7                          ^ SRBAIS on a scale of 1-7                           
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Table 4.4: SRBAI Results for Generic Automaticity Items  

 (n=7)           Mean  ± SD Eating 3 or More Portions 
of Fruit or Vegetables Each 

Day 

Choosing Wholegrain 
Options Over White 

Alternatives 

Choosing Healthier 
Sources of Protein 
Instead of Red or 
Processed Meats 

Baseline SRBAIS*  4.9 ± 1.9 4.6 ± 2.6 4.9  ± 1.7 

6 week SRBAIS*  5.1 ± 2.0 5.9 ± 1.2 5.6 ± 1.3 

Baseline Habit Intention Score^#  5.6 ± 2.1 
7.0 (3.5, 7.0) 

5.0 ± 2.1 
5.5 (2.5, 7.0) 

5.8 ± 1.5 
6.0 (5.0, 7.0) 

6 Week Habit Intention Score^#  6.4 ± 0.8 
7.0 (6.0, 7.0) 

6.3 ± 1.1 
7.0 (6.0, 7.0) 

6.3 ± 0.8 
6.0 (6.0, 7.0) 

Baseline Habit Planning Score^# 5.5 ± 2.1 
7.0 (3.0, 7.0) 

5.1 ± 2.0 
5.5 (3.25, 7.0) 

6.0 ± 2.0 
6.5 (5.0, 7.0) 

6 Week Habit Planning Score^# 6.4 ± 0.8 
7.0 (6.0, 7.0) 

6.1 ± 1.1 
7.0 (6.0, 7.0) 

6.4 ± 0.5 
6.0 (6.0, 7.0) 

*SRBAIS on a scale of 0-7                        ^Intention and Planning Scores on a scale of 1-7                       #median (interquartile range) 
also presented 
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Table 4.5: SRBAI Results for Generic Automaticity Items Versus SRBAI Results for Generic Automaticity Items with 
Sensitivity Analysis  

 (n=7)           Mean  ± SD 
 

Fruit and Vegetables Habit Wholegrain Habit Healthy Protein Habit 

Baseline SRBAIS*  4.9 ± 1.9 4.6 ± 2.6 4.9 ± 1.7 

6 week SRBAIS*  5.1 ± 2.0 5.9 ± 1.2 5.6 ± 1.3 

Baseline SRBAIS With Sensitivity 
Analysis^ 

4.9 ± 1.9 4.7 ± 2.3 3.0 ± 2.3 

6 week SRBAIS With Sensitivity 
Analysis^ 

5.1 ± 2.0 5.6 ± 1.2 5.5 ± 1.1 

*SRBAIS on a scale of 0-7                          ^ SRBAIS on a scale of 1-7                           
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4.4.5 Diet-related Questionnaires 

The MNA demonstrated an increase from 26.6 (SD 1.8) at baseline to 28.1 (SD 1.3) 

at 6 weeks (out of 30).  The score indicates that participants had a normal nutritional 

status at both time points apart from one participant who was at risk of malnutrition at 

baseline. As part of the MNA questionnaire, a slight increase in BMI was observed 

between baseline (28.5 ± 3.1) and 6 weeks (28.7 ± 3.1).  

There was a slight increase in the Measure of Satisfaction With Food-related Life 

Questionnaire total score from 30.0 (SD 4.4) at baseline to 30.7 (SD 2.9) at 6 weeks 

where total scores were out of 35. Scores for each item of the 5-item questionnaire 

(1-7 Likert scale) can be observed in Table 4.6 as medians and interquartile ranges 

(IQR).  

Table 4.6: Measure of Satisfaction With Food-related Life Questionnaire for 

Each Item  

 

(n=7) 

 

 
Baseline 

Median (IQR) 

 
6 Weeks 

Median (IQR) 

Food and meals are positive elements in my 

life 

6.5 (5.25, 7.0) 6.0 (5.0, 7.0) 

I am generally pleased with my food 6.0 (5.0, 6.75) 7.0 (6.0, 7.0) 

Food and meals give me satisfaction in daily 

life 

6.0 (5.25, 7.0) 7.0 (6.0, 7.0) 

My life in relation to food and meals is close to 

my ideal 

6.0 (5.0, 6.75) 6.0 (5.0, 6.0) 

With regard to food, the conditions of my life 

are excellent 

6.0 (6.0, 7.0) 6.0 (5.0, 7.0) 

 

There was a slight overall improvement in the SREBQ as a total score of 18.3 (SD 

4.5) at baseline was observed compared to 20.0 (SD 4.2) at 6 weeks where total 

scores were out of 25. Table 4.7 displays the SREBQ scores for each item as medians 

and IQRs. 



 

163 
 

Table 4.7: SREBQ Scores  for Each Item  

 

n=7 

Baseline 

Median (IQR) 

6 Weeks 

Median 

(IQR) 

I’m good at resisting tempting food 3.0 (3.0, 4.25) 4.0 (3.0, 5.0) 

I give up too easily on my eating intentions* 3.5 (2.75, 4.25) 3.0 (2.0, 5.0) 

I easily get distracted from my eating 

intentions* 

4.0 (2.75, 5.0) 4.0 (3.0, 5.0) 

I find it hard to remember what I have eaten 

throughout the day* 

5.0 (3.25, 5.0) 5.0 (4.0, 5.0) 

If I am not eating in the way I intend to I make 

changes 

4.0 (3.0, 4.25) 5.0 (4.0, 5.0) 

*Likert scale [(1) never (5) always] codes were reserved to compare SREBQ 
changes 

 

4.4.6 Food Diary Analysis 

Table 4.8 displays differences in relevant nutrient intakes based on selected healthy 

habits per day between time-points and compares to UK recommended requirements 

(Public Health England, 2016a). Macronutrients are also expressed as percentage of 

energy. One participant did not complete the baseline food diary and another did not 

complete the follow-up diary so only n=5 have been analysed. Increases were 

observed in all nutrients demonstrating adherence to healthy habits. 
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Table 4.8a: Food Diary 
Results (n=5) 

Energy 
(kcal) 

Fruit and 
Veg 

(portions)$ 

Total Fat 
(g) 

Saturated Fat 
(g) 

Monounsaturated 
Fat (g) 

Polyunsaturated 
Fat (g) 

UK Dietary 
Recommendations /day 

* 5  ^ & # £ 

Baseline Intake/day  1364.4 4.0  54.8 22.0 19.4 7.2 

Baseline % of Energy    36.1%    

6 week Intake/day 
 

1725.4 5.5  64.5 23.4 22.2 10.4 

6 week % of Energy   33.6%    

Increase   360.9  1.5 9.6 1.4 2.8 3.1 

Table 4.8b: Food 
Diary Results (n=5) 

Protein 
(g) 

Fibre 
(g) 

 

Iron 
(mg) 

Vitamin C 
(mg) 

Vitamin D 
(ug) 

Calcium 
(mg) 

UK Dietary 
Recommendations /day 

~ 30 8.7 40 10 700 

Baseline Intake/day  64.6 16.0 7.2 86.5 2.3 685.8 

Baseline % of Energy 18.9%      

6 week Intake/day 95.4 20.2 10.9 102.6 5.8 976.0 

6 week % of Energy 22.1%      

Increase 30.7 4.2 3.7 16.1 3.5 290.3 

Table 4.8c: Food 
Diary Results (n=5) 

Magnesium 
(mg) 

Zinc 
(mg) 

Folates (B9) 
Total (ug) 

 

Folates (B9) 
Natural (ug) 

Potassium 
(mg) 

Carotene 
(ug) 

UK Dietary 
Recommendations /day 

“  % 200 200 3500 - 

Baseline Intake/day  209.9 6.9 209.5 188.3 2578.0 1911.3 

6 week Intake/day 286.6 8.9 266.8 222.6 3385.8 3183.7 
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Increase 76.7 2.0 57.3 34.3 807.8 1272.4 

*Energy recommendations: Men 65 to 74 years 2342kcal/day, men 75 years and over 2294kcal/day; women 65 to 74 years 

1912kcal/day; women 75 years and over 1840kcal/day  

$ One portion of fruit or vegetables is equal to 80g 

^ Total fat recommendations: Men 65 to 74 years less than 91g/day, men 75 years and over less than 89g/day; women 65 to 74 years 

less than 74g/day; women 75 years and over less than 72g/day  

& Total saturated fat recommendations: Men 65 to 74 years less than 29g/day, men 75 years and over less than 28g/day; women 65 

to 74 years less than 23g/day; women 75 years and over less than 23g/day  

£ Polyunsaturated fat recommendations: Men 65 to 74 years less than 17g/day, men 75 years and over less than 17g/day; women 65 

to 74 years less than 14g/day; women 75 years and over less than 13g/day  

# Monounsaturated  fat recommendations: Men 65 to 74 years less than 34g/day, men 75 years and over less than 33g/day; women 

65 to 74 years less than 38g/day; women 75 years and over less than 27g/day  

~Protein recommendations: Men 65 to 74 years less than 53.3g/day, men 75 years and over less than 53.3g/day; women 65 to 74 

years less than 46.5g/day; women 75 years and over less than 46.5/day 

“Magnesium recommendations: Men 65 to 74 years less than 300mg/day, men 75 years and over less than 300mg/day; women 65 to 

74 years less than 250mg/day; women 75 years and over less than 250mg/day 
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4.4.7 Evaluation 

An evaluation questionnaire revealed that 100% (n=7) either agreed or strongly 

agreed with the following statements:  

    Main food groups targeted (in the intervention) were appropriate 

      Sessions with the researcher were very useful 

     Structure and timings of sessions were appropriate 

      Newly formed habits became easier to adopt over time 

All participants said they would recommend the intervention to others and they would 

continue with the dietary changes they had made. Six participants rated the 

intervention overall as very good and one rated it as good. 

On a scale of 1 (not helpful) to 10 (very helpful), median scores ranged from 8 to 10 

for the following statements observed in Table 4.9 on helping to improve diet and 

overcome barriers to healthy eating: 

Table 4.9: Helpfulness of Dietary Intervention in Improving Diet and 

Overcoming Barriers to Healthy Eating 

Dietary Intervention Tips and Strategies Median Scores 

1 (not helpful) to 10 (very 

helpful) 

How helpful did you find keeping a log of your new 

healthy eating habits for tracking your progress? 

9 

How helpful did you find setting goals and targets? 9 

How helpful did you find sticking to a routine (specific 

meal times)? 

8 

How helpful did you find the feedback on your 

progress at each of the sessions? 

10 

How helpful did you find the practical advice from the 

researcher on how to overcome barriers to eating a 

healthy diet? 

10 

 

Collected tracking sheets after each intervention session revealed that participants 

used and engaged with the tracking sheets 95% of the time.  
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4.4.8 Thematic Analysis 

Eight themes were identified from qualitative interview discussions across two key 

domains. Themes fell under either the domain related specifically to intervention 

development (Table 4.10) or the domain related to experience of behaviour change 

via participating in the intervention (Table 4.11). The two domains and their related 

themes are listed with example quotations in the tables below. 
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Table 4.10: Summary Table Of Intervention Development Themes Emerging From Feasibility Interview   

High Acceptability  

 

Ease 

• "I found following it [intervention] was easy…" P002 

• “It wasn’t really any bother once I got organised and went home and bought what I thought 

would fit in with my lifestyle” P004 

• “I was already sort of moving in that direction but this has actually really made it more 

straightforward” P009 

• "I have actually quite enjoyed it. It has been very beneficial to me" P009 

•  “No the flexibility [list of healthy habit examples to choose from] was okay. I don’t think they 

are that big of changes” P001 

Intervention structure 

•  “The training was delivered very well by yourself” P001 

•  “I don’t think they [intervention appointments] lasted too long. I found it just about right to 

be honest with you” P001 

• It [study visits] was only once a fortnight. No that was just okay" P009 

• “I thought the overall idea of it was very good to tie it in with a particular time of day or 

particular situation to remind you to do it…  I think it was a good idea that you had one habit 

and then you got used to doing it and then you introduced a second and a third one” P007 
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Intervention materials 

• “The questionnaires were okay” P001 

•  "The content of the booklet was good with lots of ideas " P007 

Nutritional Education   “ I’d said to you earlier on about wheaten and soda and how I’ve been eating it all my life 

until you told me about the salt content and how there is no wholegrain in it and it’s changed 

my mind about that because I used to eat it because I thought it was making me healthy 

and it wasn’t” P001 

 “I think I am more conscious of what is good for me and like salt and fat which aren’t good 

for you and cheese” P009 

 “I suppose it was an area I wouldn’t have really have thought of before [wholegrains]. It 

made me more aware of some of those wholefoods that I wouldn’t have thought of before 

P007 

 “I think some of the stuff you have done with me, I knew before I came here but sitting down 

having a conversation with you about it was different and kind of a motivating factor to go 

out and do it.” P001 

 “I am definitely more aware of what’s right and what’s wrong with regards to your diet” P009 

 “It gives you time to set aside to think about the way you have been eating and to refocus 

on those things so it is good to try and change and build things as a habit into your diet” 

P003 

 “I found it very interesting, simply because I was learning all the time” P001 
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Wider Benefits 

 

 "It is not just me. It is my husband as well. I make what he eats. He has noticed a change. 

He has lost weight as well you know" P005 

 "When I’ve been listening to you, I’ve been saying to my wife and she has been doing a few 

of the habits as well" P001 

 "I can maybe see myself eating 3 pieces [of fruit], maybe 4 pieces everyday now once I got 

into that habit" P009 

 “I’m eating more vegetables which is always healthy you know” P004 

 “I would have had less biscuits as a result of it” P007 

 “I would be aware of reading food labels” P009 

 “Now that I am retired, I have more time to do this [eat healthier] … now I’m at home you 

have more control over what you are going to do and what you’re going to eat so there it is 

a better chance that it will work to achieve some of the goals” P003 

RCT Considerations    “There would be no problem coming to my house [for study visits]" P002 

 “Well I am a private person and I think this is [study visits] ideal in this situation and 

environment [Centre for Dentistry]” P005 

 “I think if you had a longer list of the variety of food [of healthy habit examples to choose 

from]” P009 
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 “Some of the questionnaires were a bit repetitive. I still don’t know what the difference was 

between I plan to do something and I intend to do something so I answered the same for 

those as I really didn’t know what the difference was” P007 

 “The hardest one was having to keep a track of the 4 day [food] diary” P009 

 “Some days trying to shop for [wife] and that to settle down and do something like that [fill 

in food diary] was tough” P002 

 “People need to put a bit of thought into what habit they are going to select and how easy it 

is going to be and there was an opportunity to do that but maybe because it was the fact 

that I had to think of something straight away.. maybe in some ways I selected it too quickly” 

P007 

Intervention Barriers   “I get forgetful at my age and sometimes I filled 3 of them [tracking sheets] in in one go 

rather than doing it every day” P001 

 “I was in hospital those 2 days [couldn’t do habit]” P002  

 “One of the most difficult things was to remember to write it [tracking sheets] all up because 

I’m so busy…” P006 

 “The only thing is because I’m doing it on my own in the house… you had to be careful it 

didn’t go off or wilt or whatever so that’s why every day the same things appeared.. you’re 

very limited in what you can have” P004 

 “I bought carrots but they were too hard for my teeth” P004 

 “The thing is I am back and forward quite often to Aberdeen and I wouldn’t like to make an 

arrangement” P005  
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 “I think there was maybe a couple of times in the whole 5 or 6 weeks due to family 

circumstances that I couldn’t follow what I wanted.. but by and large I did exactly what my 

sheet told me to do” P002”  

 “But there were some evenings when I was out for a meal and I really didn’t want the cereal 

[wholegrain habit]” P007 

 “I am not sure if it is just a progression of the arthritis or what it is or not but it has appeared 

within the last week or so... I had a serious allergy to it and I haven’t had wholegrain since 

or wholemeal since” P005 

 “I found it [healthy habit after work] very good on the days I was working because I had it in 

the office and I would have had it with my coffee so I did it 100% but then on the non-work 

days it would be the one habit I wasn’t so good at” P007 

 “My biggest problem is I’m getting no exercise and it’s not helping my weight problem. I can 

only do a limited walk with [wife] you know” P002 

 “Sometimes it [tracking sheets] was a bit of a nuisance and I didn’t do it everyday, maybe 

every 3rd day” P007 
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Table 4.11: Summary Table Of Experience of Behaviour Change Themes Emerging From Feasibility Interview   

Themes Quotations  

Habitual Language  • "Well I think once you had the first one [habit] completed it was kind of implanted then" P009 

• "At each stage I got used to it and then putting the 3 stages together it wasn’t as difficult" 

P005 

• “Once I got in to a routine it wasn’t any bother doing it…  It has just become a way of life 

you know " P002 

• “I think I was very successful [at adopting healthy habits]” P001 

• “Well I’m more conscious now of going for the protein at lunch time” P009 

• “They were easy to adapt to because I know they were good for me. That was the main 

motivating factor” P001 

Process of habit-formation  • “I found those difficult to answer [SRBAI] because you have to think about the thing… you 

have to remember it otherwise you are not going to do it. I know what it was getting at okay” 

P007 

• “That’s something [wholegrain habit] I didn’t do before I met you so that would be one I am 

going to have to persevere with” P001 

• “The wholegrains one is still work in progress” P003 
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• “Yes well I think I’ll try to keep the protein up but that’s because I like fish a lot you know. 

Emmm rice cakes I’m not sure about” P004 

• “I don’t really think [found habits easier to adopt over time] so to be honest because once I 

decided I was doing it I did it from the word go. I don’t know whether 2 weeks later it was 

any easier than when I started it. Once I made the decision to do it I just did it” P007 

Use of prompts to aid habit 

formation  
 “Well I found it easy because I knew I had an appointment with you… I kind of seen it as a 

wee prompt… You’re going to ask me about it so that helped me do it” P001 

 “Because there is fruit in the house I would’ve remembered at some point during the day” 

P007 

 “I don’t need such a formal approach [referring to tracking sheets]… probably these 

meetings have been useful to prompt me to do that instead” P003 

 “I did yes [found tracking sheet useful] because I require prompts… my memory its bad and 

occasionally I need a wee prompt to remember to do things…That’s the nature of me at my 

age” P001  

 “It kept you on track [tracking sheets]… it made you aware oh it is lunchtime I am having 

protein or I am having whole wheat” P009 

 “…My fridge is actually probably the biggest reminder of what I’m supposed to be doing” 

P003 

 “It’s quite easy as long as you buy the stuff and you have it in when you open the fridge 

door. It just reminds you” P004 

 “I liked the illustration of the vegetables, proteins and the whole-wheat. I thought right what 

am I going to do today and had a look at it” P009 
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Habit Intentions   “I think whenever we’ve finished this session and you and I will not meet any more, I will still 

go out and buy yoghurts and I will still take your advice and I will still look at the information 

that you gave to take home with me…How long will it go on for? Only time will tell. We will 

have to see” P001 

 “I think I’ve been very successful at adopting them [healthy habits] and I’ll do my best to try 

and keep them up" P003 

 “You have shown me a good method. You have pointed out a healthier life.. a healthier food 

lifestyle. I will certainly take it up and I am used to it now…and will do my best to keep it up” 

P005 

 “I would definitely like to continue with that type of diet” P009 

 “I don’t think I’ll necessarily do them exactly the same like I might not take the yoghurt in the 

cereal but I’ll take them separately” P007 

 “Well I’m more conscious now of going for the protein at lunch time” P009 
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4.5 Discussion 

The aim of this feasibility study was not to assess the effectiveness or efficiency of a 

tailored habit-based dietary intervention coupled with oral rehabilitation on older 

adults, but rather to evaluate its acceptability of the intervention amongst participants 

and to adapt the resources for use in an adequately powered RCT.  Overall, Phase 2 

proved to be highly beneficial and exploratory results were extremely useful and 

positive. The intervention was for the most part well received by participants, however 

this feasibility phase highlighted a number of key considerations to adapt the 

proposed intervention to an older audience and shed light on how to best capture and 

portray findings in order to deliver the full impact of this preliminary trial on its 

participants.   

4.5.1 Quantitative Findings  

The DENHAB quantitative feasibility data indicated that older adults can develop 

automaticity for healthy food choices as suggested from an increase in automaticity 

findings at follow-up visits and their ability to successfully maintain their tailored 

healthy habits (by number of days of doing habit). Although tailored feeding 

behaviours appeared to become substantially more habitual and are consistent with 

other habit intervention research, findings with regard to habit intentions appeared to 

differ (Lally, Chipperfield and Wardle, 2008; McGowan et al., 2013). Habit literature 

conveys the consistent linking of the action of a behaviour to a given context results 

in the behaviour being carried out without the need for intention (Lally et al., 2010). 

This is typically recognised by a diminished intention score as behaviours become 

more automatic (Lally et al., 2010). However, DENHAB intention findings saw little to 

no differences between baseline and 6 weeks regarding intention scores. This 

suggests that longer follow-up times are required as part of the full scale RCT to test 

if behaviour-intention relationships falls in line with habitual literature and if developed 

automaticity can be sustained in the long-term. Another habit domain of this feasibility 

study which requires further RCT investigation was the sensitivity analysis (outlined 

in Section 4.3.4.1) which although observed minimal or no change to SRBAI scores 

would be useful to test for significance.  

In order to support dietary habit-development findings, diet-related questionnaires 

(MNA, SREBQ, Measure of Satisfaction With Food-related Life Questionnaire) were 

examined and appeared to provide support for behaviour change as other than minor 

increases in BMI, positive findings were observed across all questionnaires. However 
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previous systematic review research on malnourished older adults has suggested 

that nutritional interventions do not necessarily result in meaningful weight change 

but may lead to other clinical benefits (Reinders et al., 2018). Instead they have called 

for the need for future research to investigate the effect of nutritional interventions on 

other health outcomes such as body composition, muscle mass, muscle strength and 

improvement in micronutrient status. Although Phase 2 was conducted primarily to 

test the intervention itself, in light of this call for more diverse outcome measures, the 

DENHAB study has incorporated this into Phase 3 of the project (see Table 4.12 or 

summary of enlisted Phase 2 changes). With regards to other diet-related 

questionnaires such as the SREBQ and Measure of Satisfaction With Food-related 

Life Questionnaire, it should be noted that individual items scores were totalled in 

both Phase 2 and 3 even though this was not done in original papers in order to aid 

further precision and comparison of the measurement of habit. Also in order to paint 

a fuller picture of intervention impact, measuring habit strength alongside more 

standard measures of explicit attitudes, beliefs, knowledge, quality of life, physical 

activity and oral health, are required during Phase 3. Standardised questionnaires 

that capture these measures have been incorporated into changes for the RCT in 

Table 4.12.  

Food diaries confirmed adherence to healthy habits at follow up visits as greater 

improvements in food intake around dietary habits were observed. Although 

unfortunately not all participants fully engaged with the use of food diaries as 10% (2 

out of 7 diaries) were not completed at both time points and one further participant 

reported that they continued to forget to add in their dietary changes to the diary. 

Another possible issue of underreporting of nutrient intake was through the food diary 

analysis software, Nutritics, which advised not to include food categories such as 

soups, vegetable dishes and pickles/chutneys as part of fruit and vegetable 

consumption. In order to optimise nutrient intake accuracy, it is vital that the 

researcher effectively instructs participants how to complete the food diary, gives 

reminders for completion prior to study visits and rigorously reviews completed diaries 

along with the participant.   

4.5.2 Qualitative Findings  

Even though promising automaticity and nutrient intake results for quantitative 

findings was observed, a much further insight into habit development was gained by 

using qualitative semi-structured interview methods to explore individual experiences 

of the intervention and the habit formation process (Craig et al., 2008; Lally, Wardle 
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and Gardner, 2011). The primary purpose of the interviews was to gather feedback 

on intervention acceptability and to inform refinement of the intervention. This 

generated eight themes under two key domains relevant to this target group of direct 

intervention development and experience of behaviour change. As commonly found 

within qualitative research, there was some overlapping of themes across and within 

the two main domains. Although several of the themes were expected given the a 

priori topic guide, some of the themes emerged from the discussions. Focussing on 

direct intervention development initially, after analysis of the interview feedback, it 

was clear that all participants found the intervention highly acceptable as overall 

participants commented that it was simple and easy to follow and that they found 

enjoyment and benefit from participating. Participants also expressed gains in 

nutrition knowledge, however habitual literature would debate that altered beliefs and 

knowledge has little to no impact on behaviour change (Wood, 2017). Qualitative 

findings demonstrated an unexpected wider benefit to the pre-specified task of 

adhering to the three target behaviours. This included an even greater uptake of fruit 

than originally specified under other daily contexts (e.g. snacking more on fruit during 

the day or adding more vegetables to dinner.) Another wider benefit was that the 

majority of married participants said that their spouse was benefitting from the 

intervention too or if not married researcher notes commented that other household 

members had an acquired uptake for participants’ tailored healthy habits. Although 

adaptations to Phase 3 of the study arose from various aspects of this feasibility 

study, a direct theme of RCT considerations emerged which fed straight into Phase 

2 refinements (see Table 4.5). However, more so, a number of important barriers to 

intervention uptake was observed as a key theme which was also indirectly 

incorporated into this refinement stage. Some barriers were not captured as part of 

the qualitative interview but instead through researcher notes during the intervention 

course which highlighted the need for detailed note taking as part of the RCT to 

communicate the fuller picture that can still be missed even when both quantitative 

and qualitative research are included. For example, researcher notes commented 

that a couple of participants struggled with appetite, a common barrier to adequate 

nutrient status in older people as outlined in Chapter 1 of this thesis. Other barriers 

discovered through researcher notes included sickness among participants which 

resulted in reduced intervention adherence, fear of being away from a spouse in ill-

health during study visits  and lack of awareness of food examples given in the 

DENHAB intervention booklet (e.g. quinoa, hummus, buckwheat) that might warrant 

further explanation among older people participating in the RCT.  
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With regards to the second domain of experience of behaviour change, all participants 

spontaneously reported characteristics of habit-formation as habitual terminology was 

observed in interviews. Participants described their targeted behaviours gradually 

becoming more habitual, in line with the growth curve of habit formation (Lally et al., 

2010). A useful prompt (among others) that seemed to aid habit formation overall but 

was a hindrance to some participants was the use of tracking sheets. With regards to 

the duration of tracking habits, previous findings advise that reminders may only be 

effective in the short-term and can actually impede habit formation in the long run as 

they can cause deliberation over behaviours which can preclude habit formation 

(Stawarz, Cox and Blandford, 2015; Carden and Wood, 2018). It was therefore 

deemed necessary to only track habits among participants through the delivery of the 

intervention up to 6 weeks. Although tracking habits did seem to be of benefit from a 

motivational point of view as a participant stated “if I didn’t do it one day I would have 

felt bad for writing no.. it would have made me more determined to do it the next day” 

(P007). Motivation among participants did appear to feature heavily in the researcher 

notes which requires further long term investigation to test whether the common 

tendency of motivational dips over time are overridden by habit in line with other 

findings (Gardner and Rebar, 2019). Under the theme of ‘habit formation on-going’, it 

became apparent that not all participants identified being at the ‘stability phase’ yet, 

where Gardner et al., comments that at this phase, habit formation is accomplished 

(Gardner, Lally and Wardle, 2012). Some rationale for these findings may be 

explained as researcher notes suggest a shortcoming to full adherence to the 

intervention as a small number of instances hint that participants either had not quite 

grasped the concept of habit being done in the same context, hadn’t followed tracking 

more than one habit at once or requested to slightly modify behaviour after the initial 

study visit. Another important finding of the Phase 2 qualitative interviews and 

combined researcher notes under the habits ongoing theme, was that stability in the 

context of habit was not always achieved. For example, one participant commented 

on difficulty conducting behaviour that was tagged on to returning home from work on 

days out of the office. Without the presence of consistent habit cues, habit 

performance is disrupted as individuals are forced to make decisions on how to act 

and therefore behaviours require conscious thought, antagonistic to the habit process 

(Carden and Wood, 2018). Lally et al. provides an essential reflection for Phase 3 

that the intervention will be optimised by linking behaviour  performance to contextual 

features that exist across a wide range of settings or by encouraging participants to 

form multiple habits that support the same behaviour within a various degree of 

settings (Lally, Wardle and Gardner, 2011). Further explanation for the ongoing habit 
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formation process are that habits are slow to develop (Carden and Wood, 2018) and 

variation in speed at which habits strengthen and peak have been reported. In fact 

Lally states the duration of habit formation as anywhere between 18 to 254 days, 

depending on behaviour complexity (Lally et al., 2010). This poses an important 

consideration for Phase 3 to expand on automaticity analysis to characterise 

behaviours and investigate the influence of behavioural complexity on habit-

formation. It also became apparent to expand on follow-up duration to allow for the 

various timings of automaticity progress reported by Lally and colleagues. This would 

act as a major strength to the full scale RCT as the availability of long‐term follow‐up 

data is currently limited and would provide a more accurate conclusion on the efficacy 

of habit‐based intervention maintenance. In consideration of this but also 

acknowledging the restrictions of a PhD timeline, a follow up period of 8 months was 

suggested for Phase 3.  

An interesting area for discussion that was not enlisted as a key theme, was the timing 

of the dietary intervention delivery at this stage of life. Although one participant said 

that they would have been “much more content that this would have happened to me 

at an earlier age than 65” (P001), another saw it as a window of opportunity stating 

“now that I am retired, I have more time to do this [eat healthier] … now I’m at home 

you have more control” (P003). Carden and Wood state that according to the habit 

discontinuity effect, behaviour change interventions are more likely to be effective 

during life course changes that disrupt habitual cues, such as the retirement phase 

as the absence of old cues provides an ideal opportunity to implement new habits 

(Carden and Wood, 2018). Whilst systematic review research has demonstrated 

success in dietary behaviours for older adults of retirement age (Lara, Evans, et al., 

2014), the use of this novel habit-based intervention at a life stage that imposes 

breaches in habitual norms, warrants further investigation.  

 

4.5.3 Phase 2 Intervention Changes 

Although the intervention was well received by participants and informative to the 

researchers, after Phase 2 it became apparent that there were both a number of 

considerations and direct changes required. These would tailor to the needs of an 

older population in order to maximise successful implementation and a number of 

other factors requiring further exploration. Phase 2 allowed for the original aims of 

this chapter to be tested and for appropriate adjustments to be made iteratively before 

Phase 3. This included refinement to screening and recruitment strategies, study 

https://www.sciencedirect.com/topics/neuroscience/behavior-change
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measures, intervention delivery and study materials. These key study design 

considerations for the development of the main trial were incorporated into the 

research protocol (see Appendix 4.10) and are summarised in Table 4.12. 
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Table 4.12: A Summary of Phase 2 Refinements with Rationale  
 

Feasibility Domain Phase 2 Refinements  Rationale for Refinements  
 

Screening and 
recruitment 
strategies 

1. The following exclusion criteria question was 
changed to:  
 
Has the participant received oral 
rehabilitation (removable dentures or fixed 
prosthodontics) for partial tooth loss (a 
minimum of 6 natural teeth in at least one jaw 
remaining) at the Centre for Dentistry, QUB 
within the previous 6 months within the 
previous 5 years?  

 
2. The screening questionnaire was modified to 

incorporate: 
 
Additional patient information (e.g GP details, 
type of oral rehabilitation, note sections).  
A Patient Recruitment Pathway Section. 
A step by step guide for the researcher. 
 
 
 
 
 
 
 

3. Addition of a poster advert to recruitment 
strategies. 
 
 
 
 

1. Oral rehabilitation criteria was widened in order 
to meet the proposed RCT sample size. 

 
 
 
 
 
 

 
 
 

2. The screening questionnaire was modified to 
allow for a more robust and systematic 
screening process and to incorporate added 
requirements from the RCT. A Patient 
Recruitment Pathway Section was added to 
give greater detail of participant recruitment 
methods and the step by step guide was 
incorporated to ensure adherence to the 
research protocol and to facilitate capturing 
accurate screening data. All changes to the 
screening questionnaire are highlighted in red 
in Appendix 5.1. 
 
 

3. Poster adverts were put up around the Centre 
for Dentistry and Royal Victoria Hospital as a 
means of expanding recruitment. 
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4. Incorporation of offering home visits for study 
appointments.  

 

4. Conducting study appointments at participant’s 
homes were offered in order to maximise 
engagement by overcoming accessibility 
barriers to the Royal Victoria Hospital. 

 

Study Measures Additional questionnaires, anthropometric 
measurements and health outcomes from Phase 2 
were incorporated including:  
Questionnaires  
 

1. The Lifestyle and Habits Questionnaire was 
amended to include an oral health section 
using the NDNS ‘Oral Health module’ (NDNS, 
2012). 
 

2. International Physical Activity Questionnaire 
(IPAQ) (Cora L. Craig et al., 2003). 

 
3. Oral Health-related Quality of Life using the 

Oral Health Impact Profile (OHIP-14) (G. 
Slade, 1997).  
 

4. General Nutrition Knowledge Questionnaire 
(GNK) (Kliemann, Wardle, et al., 2016). 

 
5. EuroQol Five Dimensions – 5 level 

Questionnaire (EQ-5D-5L) (Herdman et al., 
2011).  

 
 
Anthropometric Measurements 

1. Waist and hip circumference 
 

2. Body composition measurements  

Phase 2 was primarily to test the feasibility of the 
intervention itself. However, in order to capture a 
wider overview of overall health outcomes, additional 
study measures were incorporated into Phase 3. 
Further information regarding these study measures 
can be found in Section 5.3.4.2 within the RCT 
chapter of this thesis. 
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1. Health Outcomes  

2. Muscle strength  

3. Blood pressure 

4. Blood and saliva samples 

Intervention 
Delivery 

1. Collapsing the 6-week intervention session 
with the two month follow-up assessment.  

 
 
 
 
 

2. The DENHAB delivery protocol (Appendix 
5.5) was amended to incorporate additional 
study measures and RCT follow up time 
points. A separate researcher field notes 
document was created as opposed to having 
notes sections within the delivery protocol.  

 

1. It was apparent that a two month follow-up 
assessment was not required as study 
measures could be collected at the 6-week 
intervention session. A reduction in the number 
of study visits also reduced the burden of 
participant involvement in the study.  
 

2. Amendment of the DENHAB delivery protocol 
facilitated a better flow to study appointments 
and ensured adherence to the research 
protocol and appropriate documentation of 
participant data.  

 
Study materials  

 
1. Minor changes to the DENHAB dietary 

intervention booklet.   
 

 
 
 
2. Further development of a study equipment 

list, PIS, invitation letter and letter of 
acceptance.  

 

 
1. Minor changes to the intervention booklet (see 

Appendix 5.4) to amend noticed spelling 
mistakes/grammatical errors and to 
incorporate wholegrain serving suggestions 
(Porter, 2016).   

 
2. Further development of the study equipment 

list, PIS, invitation letter and letter of 
acceptance allowed incorporation of RCT 
requirements.  
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4.5.4 Study Strengths  

A key strength of this feasibility study is that to our knowledge, it is the first feasibility 

study to test the acceptability of a habits-based dietary intervention among older 

people. The feasibility study successfully followed the MRC guidelines and the 

CONSORT checklist of information to include when reporting a feasibility trial. 

Adhering to these systematic approaches not only promotes implementation but 

improves scientific rigour and allows for the potential use of this study in future 

research around similar interventions. Phase 2 allowed for the development of a user 

driven intervention which will further encourage implementation among older patients. 

Even though findings are to be interpreted with caution, they provided a valuable initial 

evidence base for the benefits of an intervention focused around healthy habits with 

a good retention rate (78%). Phase 2 has also provided important insight into the 

areas of uncertainty around this trial and shed light on the key areas to target for 

Phase 3 refinement.  

4.5.5 Study Limitations 

There were a number of limitations to this feasibility study, including the small 

numbers as already discussed which means results may be misinterpreted when 

conducting the larger trial. Additionally, there were n=2 withdrawals and also some 

missing data across some of the outcome measures, particularly among the food 

diaries which further constrained collected data. As behaviour change is dependent 

on not only the behavioural outcome but the delivery and context, having 2 separate 

researchers deliver the intervention may have incorporated a level of performance 

bias as fidelity was not assessed (Michie et al., 2018). However, training and 

standardisation across intervention protocols and delivery was imposed in order to 

minimise this. Responder bias may also have been introduced among the 

participants, particularly as part of both the evaluation questionnaire and qualitative 

interview which may have left participants feeling pressured into providing positive 

feedback.  Another key limitation is that the first port of call for recruitment was 

approaching patients that were currently receiving dental treatment in the clinic. 

Consequently, a true picture of the eligibility of patients may not have been fully 

painted and sufficient testing of the screening and recruitment process may not have 

been fully achieved. It is also possible that some selection bias may also have 

occurred through this process. Selection of participants from the Centre for Dentistry 

may limit generalisability to other older adult populations, as researcher notes of a 
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few participants noted that they were taking part in the research as a way of giving 

back for the free dental work that they had received. For example P002 stated in his 

interview “I was just doing what I could to help out... research is a great thing you 

know.” Finally, as participants demonstrated a high MDS score, this group may not 

have been fully representative of the target population.  

 

4.6 Conclusion 

Overall, the feasibility of the study was achieved as participants’ feedback was 

positive and the tailored dietary intervention was widely accepting and adhering to 

the. Trends indicated a positive change to study outcomes, although MRC guidelines 

acknowledge that pilot/ feasibility study results should be interpreted cautiously as 

findings may differ when the evaluation is scaled up (Craig, 2006). Nonetheless, 

Phase 2 not only allowed for the opportunity to identify and prepare for Phase 3 

challenges but also yielded some practical recommendations using a rigorous and 

methodical approach and resulted in a user-driven and participant led intervention. 

Given this preliminary evidence, justification of the intervention time period and 

significant promise for the success of a habit-based dietary intervention, a pilot RCT 

incorporating the Phase 2 changes and with an appropriate sample size warrants 

further investigation. This refined tailored habit-based dietary intervention was 

evaluated using an adequately powered RCT which is outlined and discussed in 

chapter five.  
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CHAPTER 5- THE IMPACT OF A TAILORED DIETARY INTERVENTION 

COUPLED WITH ORAL REHABILITATION: A RANDOMISED CONTROL TRIAL 

(PHASE 3) 

5.1 Introduction  

This chapter outlines an RCT study (Phase 3) of a tailored habit-based dietary 

intervention coupled with oral rehabilitation on older adults, the development of which 

was discussed in Chapter 3 and tested for feasibility in Chapter 4. Testing the 

intervention’s feasibility demonstrated preliminary evidence with positive indicative 

automaticity effects that, together with its acceptability, provided justification for 

evaluating this research on a larger scale. A RCT was used as the study design as it 

is considered to be the gold standard for effectiveness research (Hariton and 

Locascio, 2018). This was also in accordance with the MRC guidelines for its step on 

evaluation outlined in Figure 5.1.  

Figure 5.1: Key elements of the MRC Guidelines for Complex Interventions  

 

As discussed in Chapter 1, habit has been a particularly undervalued concept within 

the behavioural sciences, as supported by the lack of dietary intervention studies 

conducted (Gardner, Rebar and Lally, 2019b). However, as habit has been 

considered as one of the most powerful predictors of eating behaviour (Riet et al., 

2011), this thesis hypothesizes that dietary interventions based on eating behaviours 

are more likely to be effective if the habitual nature of the behaviour is targeted. Future 

research should therefore seek to compare the effectiveness of such habit-based 

interventions with more traditional information-based approaches such as written 

dietary advice, which has received mixed success, in order to test what level of dietary 

advice is required for sustained dietary change (Reginster, 2017; Spirgienė et al., 
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2018). Furthermore, although there is no clear definition of successful long-term 

dietary behaviour change, existing habits-based studies investigating maintenance 

are relatively scare (Phillips et al., 2016; Cleo et al., 2019).  There is a call on the 

need for studies beyond a 6-month follow-up period in order to access for habit 

sustainability alongside initiation. Also although such previous habits-based research 

has resulted in successful dietary behaviour change, it cannot be assumed that these 

interventions will successfully translate into an older population. Not only are habitual 

adoption factors unknown, but observed benefits in alterative populations may not 

yield itself to the same health gains in older people (Witham and Avenell, 2010).  

The aforementioned gaps within current research outlined within this introduction has 

provided further rationale for conducting a RCT study to test the effectiveness of a 

tailored habit-based dietary intervention coupled with oral rehabilitation on partially 

dentate older people.  

 

5.2 Chapter Aims 

1. To test a habit-based tailored dietary intervention, in conjunction with oral 

rehabilitation, and to examine its impact on positive dietary habit-formation 

(primary outcome); dietary intake; nutritional status; food-related well-being; 

oral health-related quality of life; knowledge of diet-disease relationships; 

anthropometric measurements; blood pressure; muscle strength; physical 

activity; quality of life and biomarkers of nutritional status amongst partially 

dentate older adults.  

 

2. To collect preliminary data through a PPI interview to help identify contextually 

relevant strategies for successful implementation as well as practical 

difficulties in adoption, delivery and maintenance to inform wider 

implementation of the DENHAB dietary intervention into the clinical dental 

setting. 

5.2.1 Primary Outcome 

The primary outcome was change in self-reported behavioural automaticity habit 

index score from baseline to 4 months between the intervention group (IG) and control 

group (CG). 
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5.2.2 Secondary Outcomes 

Secondary outcomes included change in self-reported behavioural automaticity habit 

index score from baseline to 6 weeks and eight months between the IG and CG. 

Secondary outcomes were also changes in the following measurements from 

baseline to 6 weeks, 4 months and 8 months between the IG and CG: dietary intake; 

nutritional status; food-related well-being; oral health-related quality of life; knowledge 

of diet-disease relationships; anthropometric measurements; blood pressure; muscle 

strength; physical activity; quality of life and biomarkers of nutritional status. 
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5.3 Methods 

 

As already outlined, Phase 3 consisted of a pilot RCT study to test whether a tailored 

dietary intervention focused on creating healthy eating habits, in combination with 

replacing missing teeth, is effective in improving the diets of older patients. Following 

refinement of study design from Phases 1 & 2, a number of amendments were 

proposed and incorporated into this phase as outlined in Section 4.5.3 (Chapter 4).  

 

5.3.1 Participants 

 

Community dwelling, independent older adults who had recently completed oral 

rehabilitation treatment for partial tooth loss/ or were embarking on oral rehabilitation 

for partial tooth loss at the Centre for Dentistry within the last 5 years, were informed 

about the study and invited to participate. The specific inclusion and exclusion criteria 

were assessed using a screening questionnaire (see Appendix 5.1). Patient files were 

screened for eligibility using the Stage 1 criteria outlined below. Following inclusion, 

patients were then contacted to screen for Stage 2 eligibility, also as outlined below.  

The specific Stage 1 inclusion and exclusion criteria for the RCT were: 

Inclusion Criteria (Stage 1) 

 Partially dentate with missing teeth replaced with removable partial dentures 

or fixed prosthodontics within the last 5 years at the Centre for Dentistry 

 65+ years 

 Participant was free-living (i.e. was independent, and did not reside in a care 

facility) 

 

Exclusion Criteria (Stage 1) 

 Clinically diagnosed dementia   

 Diabetes mellitus (Type 1, or Type 2); 

 History of alcoholism; 

 Active treatment for psychiatric disorders (which indicated limits to daily 

functioning); 
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 Medical complication which contraindicated routine dental treatment (e.g., 

unstable angina; International Normalized Ratio (INR) level>4; high risk of 

infective endocarditis) 

 Currently followed a strict diet regime recommended by a physician in the 

prevention or treatment of disease. Only those without significant food 

restrictions due to dentition/chewing ability at the time of recruitment were 

eligible, so as not to impact negatively on ability to participate in consuming a 

variety of foods as part of the dietary study. 

 

The specific Stage 2 inclusion and exclusion criteria for the RCT were: 

 Sufficiently recite their understanding of the study back to the researcher  

 Ability to read the study information and keep written a food diary 

 Ability to communicate in English 

 Ability to take responsibility for any diet changes during the course of the study 

 Ready to make healthy dietary changes  

 Found it important to make healthy dietary changes to their diet 

 

5.3.2 Recruitment 

 

Participants were identified, approached and recruited in the following ways: 

 

1. At Centre of Dentistry (review appointments [for existing patients] and 

new patients) 

Patients who had completed oral rehabilitation treatment for partial tooth loss at the 

Centre for Dentistry, Royal Victoria Hospital, within the past 5 years, and who were 

attending a review appointment/ or new patients who were undergoing dental 

treatment to replace missing teeth at the Centre for Dentistry were informed about the 

study and invited to participate by Dr GM (Consultant in Restorative Dentistry), or by 

a member of the research team directly during their clinic visit. N.B. patients were 

examined clinically to ensure that they had a ‘functioning dentition’ and did not report 

significant food restrictions due to dentition/chewing ability at the time of recruitment, 

so as not to impact negatively on ability to participate in the dietary study as discussed 

in eligibility criteria above. 
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Potentially eligible participants were identified through the screening of medical 

history notes on (Stage 1) inclusion/exclusion criteria in advance of being told about 

the study. Those eligible at Stage 1 were assessed for further Stage 2 eligibility 

through the course of the discussion with the research team member/GMand notes 

recorded on inclusion/exclusion reasons on the RCT screening questionnaire 

(Appendix 5.1). 

GM/research team member clearly emphasized that this was a research study and 

was purely voluntary and was not something that they should feel obliged to undertake 

as part of their clinical care. If someone was potentially interested in the study they 

were given a copy of the PIS which gave the researchers contact details. Participants 

who were interested then made contact with the researcher to discuss the study in 

more detail, or if consent was given, the researcher contacted them after a period of 

more than 48 hours to give the patient time to decide whether or not they would 

consent (Appendix 5.19) to take part (see recruitment pathway table in the RCT 

screening questionnaire – Appendix 5.1). 

 

2. Via Physician by letter: 

Patients who had completed oral rehabilitation treatment for partial tooth loss at the 

Centre for Dentistry within the last 5 years were sent a letter from GM, along with a 

PIS, inviting them to participate in the study. The letter emphasized that this was a 

research study that was purely voluntary and was not something that they should feel 

obliged to undertake as part of their clinical care. If someone was potentially interested 

they could either make contact with the study research team directly to discuss the 

study in more detail or a member of the research team made telephone contact with 

the patient a minimum of five days after sending the study information and PIS 

(Appendix 5.17) in the post (more than five days allowed ample time for postage and 

consideration of taking part in the research by the patient). 

Once telephone contact was made, a telephone protocol was used to establish if the 

participant had read the PIS: 

 If yes, and the patient was happy to discuss the research then eligibility (Stage 

2) was checked and the screening process completed; 

 If no – i.e. the patient had not had time to read study information, the 

researcher asked if there was a better time to call back OR if the patient would 
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prefer to contact the study team directly if interested after reading the 

information; 

 If the patient declined taking part in the research, the research team thanked 

them for their time and recorded a reason for decline (if participant was happy 

to give one). 

 

 

3. Via Posters/Study Advertisements 

Posters/Study Advertisements: 

(i) A4 posters were posted in public places across the Royal Victoria Hospital 

site/Centre of Dentistry 

(ii) Participants contacted the study research team, if interested, to discuss 

the study and eligibility in more detail. Following a check against eligibility 

criteria, they were sent a copy of the PIS and invitation letter for the study. 

Patient contact details were taken (including address) and 

researcher/participant agreed a date/time for a follow-up phone call 

(>48hrs after (plus allowing for postage time)) to confirm interest and 

participation.  

(iii) The researcher then adhered to the telephone protocol when following-up 

with the patient (see Appendix 5.2). If a patient decided they would like to 

take part, they were checked again in terms of eligibility and a baseline 

appointment was made. 

 

4. Via Snowballing 

Some participant were recruited via a snowballing method from either existing study 

participants or researcher contacts.  

 

(iv) PIS were given to potential participants along with an invitation letter for 

the study. 

(v) Participants contacted the study research team, if interested, to discuss 

the study and eligibility in more detail. Following a check against eligibility 

criteria, participant contact details were taken (including address) and a 

baseline appointment was made. 
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5.3.3 Study Design Overview 

Eligible participants were randomly assigned, using a mixed block randomisation 

stratified by gender, to one of two groups, n=30 per group: Group 1 – tailored habits-

based dietary intervention (“intervention”); Group 2 - no intervention (“control”). 

Technically the CG was a minimal educational intervention (using the UK EatWell 

Guide leaflet), however the group is referred to as a CG throughout this study for 

simplicity. As this study involved evaluation of a tailored dietary intervention, it was 

not possible to ensure that the researcher or participants were blinded.  

All participants (IG and CG) were provided with standardised written information 

containing current dietary advice (i.e. UK EatWell Guide leaflet – see Appendix 5.3).  

The EatWell Guide is a key policy tool that outlines the government’s 

recommendations to a healthy diet. Participants were asked to attend assessments 

at baseline, 6-weeks (immediately post-intervention), 4 months and 8 months (see 

Figure 5.2 for study timeline). All participants received travel expenses associated 

with these visits if they chose to attend at the Centre of Dentistry, although they were 

also offered the choice of having some/all study visits (i.e. during the intervention) and 

some/all of the four assessments at their home. All QUB standard procedures for lone 

working were followed where home visits/assessments were selected.   

https://www.gov.uk/government/publications/the-eatwell-guide
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0 

3 months 4 months 5 months 6 months 7 months 8 months 

4 weeks 

PRIMARY END-POINT 

4 month assessments 

All participants (intervention 

and control group, n=60) 

- Questionnaires 

- Anthropometry 

- Food dairy 

- Blood sample 

 

8 month assessments 

All participants (intervention 

and control group, n=60) 

 

- Questionnaires 

- Anthropometry 

- Food dairy 

- Blood sample 

 

Baseline assessments 

All participants (intervention and 

control group, n=60) 

 

- Questionnaires 

- Anthropometry 

- Food dairy 

- Blood sample 

 

1st session 

(intervention 

group) 

2nd session 

(intervention 

group) 

3rd session 

(intervention 

group) 

4th session 

(intervention 

group) 

 

6 weeks 2 weeks 

End of 

dietary 

intervention 

(6 weeks) 
End of 

Study 

Start of study/ intervention 

 

Participants (n=60) will be randomised to 

either: 

Group 1: Intervention group (n=30) - receive 

the habit-based tailored dietary intervention. 

They will meet with the researcher 4 times 

over fortnightly intervals to discuss an area of 

their diet to improve – 8 weeks 

 

Group 2: Control group (n=30) - standardised 

written information containing current dietary 

advice 

Figure 5.2: Timeline of the DENHAB Phase 3 RCT 

6-week assessments 

All participants (intervention 

and control group, n=60) 

 

- Questionnaires 

- Anthropometry 

- Food dairy 

- Blood sample 

 

Individual 

habit 

measures  

Individual 

habit 

measures  

Individual 

habit 

measures  

Individual 

habit 

measures  
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Intervention group (IG): The intervention group received the detailed tailored habit-

based diet intervention outlined in Figure 5.3. Briefly, participants in the intervention 

group met with the researcher four times at fortnightly intervals at the Centre for 

Dentistry at the Royal Victoria Hospital/ or in their own home if preferred, to discuss 

a different area of their diet each time (e.g. fruits and vegetables (FV), wholegrains 

and proteins). The concept of habit formation was then be introduced by the 

researcher along with other ‘tips and strategies’ (i.e. BCTs) for habit formation to use 

during the habit acquisition phase. Self-reported measures relating to the process of 

habit-formation (including automaticity, self-regulation, intention, behavioural 

frequency etc.) were taken at each Session 1-4 (See Intervention Participant 

Questionnaire Booklet- Appendix 5.4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Control group (CG): As mentioned, the control group were provided with standardised 

written information containing current dietary advice (i.e. UK EatWell Guide leaflet), 

and only had contact with the researcher at baseline and follow-up assessments (6-

weeks, 4 months and 8 months from baseline), as outlined in Figure 5.2.  

4 weeks 0 

6 week assessments 

 

- Questionnaires 

- Anthropometry 

- Food dairy 

- Interview 

 

Baseline assessments 

 

- Questionnaires 

- Anthropometric measurements 

- Food dairy 

 

1st 

session  

2nd 

session  

3rd 

session  

6 weeks 2 weeks 

End of 

dietary 

intervention  

Start of study/ intervention 

 

Participants (n=30) will receive the habit-based tailored 

dietary intervention. They will meet with the researcher 

four times over fortnightly intervals to discuss an area 

of their diet to improve  

 

Figure 5.3: Timeline of the DENHAB Habit-based Dietary Intervention 

Individual 

habit 

measures 

Individual 

habit 

measures 

Individual 

habit 

measures 
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5.3.4 Data collection 

All participants (both IG and CG) were asked to attend an appointment at the Centre 

for Dentistry or the option of home visits for assessments was offered. These visits 

lasted approximately two hours to allow sufficient time for the researcher to carry out 

the study visits in accordance with the delivery Protocol (See Appendix 5.5). This 

included obtaining study consent (baseline only), the completion of questionnaires, 

anthropometry and health measures, discussion of food diaries, sufficient breaks if 

required, blood sample collection and a qualitative interview (6 weeks only). The 

following assessments as outlined in Figure 5.2 were undertaken at baseline, 6-

weeks, 4 months and 8 months: 

5.3.4.1 Habit assessment  

Automaticity was assessed using the 4-item Self-Report Behavioural Automaticity 

Habit Index (SRBAI) (Gardner et al., 2012). Each of the three targeted dietary 

domains (i.e. fruit and vegetables, wholegrains and protein) were assessed. An 

example of a question would be “eating three or more portions of fruit or vegetables 

each day is something…” Participants were then assessed using the 4-items of the 

questionnaire as outlined in Figure 5.4.   

 

 

 

 

 

 

 

 

 

Figure 5.4: Domains of the Four-itemed SRBAI Questionnaire  

Respondents answered the degree to which they agreed with each of the four-itemed 

statements using a seven-point Likert scale ranging from strongly agree (7) to strongly 
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… ‘I do automatically’

… ‘I do without having to 
consciously remember’

… ‘I do without thinking’

… ‘I start doing before I 
realise I’m doing it’
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disagree (1) for all three dietary domains. Contrary to the original automaticity scale 

an additional value was added for ‘not relevant’ (0) to minimise misuse of the Likert 

scale for participants who had never performed the behaviour (Judah et al., 2018). A 

mean value of the four-itemed statements was given to provide a SRBAI score 

(SRBAIS).  

5.3.4.1.1 Generic Automaticity 

Generic automaticity items were assessed in both groups at baseline, 6 weeks, 4 

months and 8 months alongside the SRBAI questionnaire for each dietary domain 

under the following way as outlined in Figure 5.5. Participants were asked for each 

dietary domain if they do it automatically; do without having to consciously remember; 

do without thinking; an; if they start doing before they realising they’re doing it. See 

Appendix 5.6 for generic automaticity items under the Lifestyle and Habits 

questionnaire.   

 

 

Figure 5.5: Dietary Domain Classifications for Generic Automaticity Items  

5.3.4.1.2 Tailored Habit Automaticity for IG Group  

Within the IG group only, automaticity items for individually tailored (participant 

specific) habits for each dietary domain were taken at every fortnightly session also 

using the 4-item SRBAI under the same format as the generic automaticity items for 

each dietary domain. See Appendix 5.4 for the full Intervention Participant 

Questionnaire Booklet to assess habit-formation.  
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Eating 3 or more portions of fruit or 
vegetables each day is something...

Choosing wholegrain options (e.g. 
bread, pasta, rice, etc.) over white 

alternatives is something...

… ‘I do automatically'

… ‘I do without having to 
consciously remember’

… ‘I do without thinking'

… ‘I start doing before I 
realise I’m doing it’

Choosing healthier sources of 
protein (such as fish, lean meats, 

chicken, beans, pulses (e.g. 
chickpeas/lentils) dairy or eggs)

instead of red or processed meats is 
something...
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Tracking sheets were given to participants to log their dietary habits during the course 

of the intervention, as shown in Figure 5.6 and were collected post-intervention 

delivery. Researcher field notes were also used to verify automaticity findings and to 

report on the participant’s habit-formation process.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.6 DENHAB Intervention Tracking Sheets  

A study-specific habit-based dietary intervention evaluation questionnaire (see 

Appendix 4.8) was given at only the 6 week time point to gather information on the 

participant’s opinions, thoughts and experiences of the dietary intervention. The 

questionnaire used Likert scales which ranged from not helpful at all (1) to very helpful 

(10) in improving the participant’s diet (e.g. How helpful did you find keeping a log of 

your new healthy eating habits for tracking your progress?). It also used a range of 

categorical-related questions to rate the intervention.  

A content analysis was used to code habit goal descriptions and to explore sources 

of variation (Gardner et al., 2014). A coding framework was developed in line with the 

work of Gardner and colleagues and updated to fit the target population accordingly. 
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The framework consisted of six characteristics with the first five relating to the target 

behaviour, and the sixth to the context:  

(1) the frequency of the target behaviour  

(2) whether the target behaviour was described in absolute or relative terms  

(3) whether an increase or decrease in the target behaviour was specified  

(4) whether the behaviour was combined with another food domain 

 

(5) whether any further changes were made to the diet outside of the habit goal 

 

(6) the type of cue used to elicit the habit 

In order to investigate if goal characteristics are less suited to habit-formation than 

others or if they are a determinant of habit gains, values that 

theoretically least contributed to habit development (i.e. `suboptimal’) were identified 

for each of the six characteristics (Locke and Latham, 2002; Gardner et al., 2014).  

Although the suboptimal values for each characteristic established in the Gardner and 

colleagues paper were used (characteristics 1,2,3,6), two new characteristics were 

identified within the DENHAB study that might further impact habit formation 

(characteristic 4,5). After discussions with the research team, suboptimal values for 

characteristic four and five were decided upon and can be observed in Table 5.6. 

Goals were assigned a score of one for each of the six characteristics in which they 

were assessed to be suboptimal to produce a `goal suboptimality’ score of 0-6. Six 

indicated a goal deemed as suboptimal on all six characteristics, and zero a goal that 

was not deemed suboptimal on any characteristic.  

 

5.3.4.2 Questionnaires  

In addition to automaticity-related questionnaires, as mentioned above, both groups 

completed the questionnaires outlined within this section at baseline, 6 weeks, 4 

months and 8 months. 

A lifestyle questionnaire was conducted to collect demographic and general health 

information (see Appendix 5.6). Data collected included information on food 

supplementation, dietary requirements, education, occupation, tobacco and alcohol 
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use and medical history. The following questionnaires were also embedded as part 

of the lifestyle questionnaire:  

 Self-regulation of eating behaviour questionnaire (SREBQ) – 5-items 

(Kliemann, Beeken, et al., 2016). This questionnaire is on a 1-5 Likert scale of 

how much the participants feel that they “never” (1) to “always” (5) do the 5-

item statements.  

 Tooth brushing frequency – 1-item (Gil et al., 2015). 

 Appetite assessment self-report – 1-item (Wilson et al., 2005). 

 Based on the Theory of Planned Behaviour: behavioural intention and 

planning (to eat fruit and vegetables, wholegrains and healthier protein 

sources) – 2-items (Ajzen, 2006). These questions were answered using a 7-

point Likert scale ranging from strongly agree (7) to strongly disagree (1).  

 Based on the Theory of Planned Behaviour: behavioural frequency (number 

of days doing each individually tailored habit over the previous two weeks) – 

1-item (Ajzen, 2006). 

 Oral health using the National Diet and Nutrition Survey ‘Oral Health module’ 

(P2753 Year 4) which covers how well the participant can bite/chew/eat a 

range of 11 foods plus 4 general items on oral health and chewing ability 

(NDNS, 2012). 

Food related well-being was measured with the 5-item Measure of Satisfaction With 

Food-related Life Questionnaire (see Appendix 4.6) (Grunert et al., 2007). 

Satisfaction with food-related life (e.g. food and meals are positive elements in my 

life) was captured using a 7-point Likert scale ranging from strongly agree (7) to 

strongly disagree (1).  

Assessment of nutritional status was measured using the Mini Nutritional Assessment 

(MNA) questionnaire which is recommended for people aged 65 years and older 

(Vellas et al., 1999). The 18-item MNA instrument is comprised of the following over 

the past three months: decline in food intake; weight loss; mobility; psychological 

stress or acute disease; neuropsychological problems (dementia or depression); BMI; 

independent living; number of prescription drugs; pressure sores or skin ulcers; meals 

per day; daily intake of protein; daily intake of fruit and vegetables; daily intake of fluid; 

autonomy of feeding; self-view of nutritional status; self-view of health; mid-arm 

circumference; and calf circumference. Each of the 18 items were weighted to 

calculate a total assessment score which was translated into three malnutrition 
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indicator score categories: normal nutrition status (MNA score 24–30), at risk of 

malnutrition (MNA score 17–23.5), or malnourished (MNA score <17). The 

questionnaire can be found in Appendix 4.7. 

Oral Health-related Quality of Life (OHRQol) was measured using a shortened 

version of the original 4- item Oral Health Impact Profile (OHIP) questionnaire 

(Appendix 5.7)  with a 14-itemed questionnaire called OHIP-14 (G. D. Slade, 1997). 

This measured individual’s perceptions of the impact of oral conditions on their well-

being. Responses were rated using a 5-point Likert scale: 0 = never; 1 = hardly ever; 

2 = occasionally; 3 = fairly often; 4 = very often/every day. The OHIP-14 scores 

ranged from 0 to 56, with higher OHIP-14 scores indicating worse OHRQol and lower 

scores indicating better OHRQol.  

Health-related quality of life was measured using the validated EuroQol five 

dimensions – 5-level questionnaire (EQ-5D-5L) (see Appendix 5.8) (Herdman et al., 

2011). EQ-5D-5L measures generic quality of life with one question for each of the 

five dimensions that include mobility, self-care, usual activities, pain/discomfort, and 

anxiety/depression. Participants then rate their level of severity as having no 

problems, having slight problems, having moderate problems, having severe 

problems and being unable to do/having extreme problems. The questionnaire also 

includes a Visual Analog Scale (VAS) by which participants reported their perceived 

health status with a grade ranging from 0 (the worst possible health status) to 100 

(the best possible health status).  

Physical activity was assessed using the four-part International Physical Activity 

Questionnaire (IPAQ) (see Appendix 5.9). This measured the types of intensity of 

physical activity and sitting time of participants (Cora L Craig et al., 2003).   

Dietary knowledge was assessed using the General Nutrition Knowledge 

Questionnaire (revised version) (GNK) (Kliemann, Wardle, et al., 2016). The revised 

88-item instrument (see Appendix 5.10) composed of four knowledge-specific 

sections (Dietary recommendations; Sources of nutrients; Choosing every day foods; 

Diet-disease relationship).  

5.3.4.3 Anthropometry and Other Health Outcome Measures  

Anthropometry measures including height and weight were measured using 

standardized instruments and procedures to generate a Body Mass Index (BMI) 

calculation derived from: weight (kg)/height2 (m2). Body composition scales were used 
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to determine weight (kg) and for a calculation of percentage of fat mass, muscle mass 

and visceral fat. Not all participants had body composition measured, as scales were 

introduced to the study after some participants had already completed study visits 

and also participants were unable to use scales if they had a pacemaker. Waist, hip, 

mid-arm and calf circumference were also measured and recorded in centimetres. 

Mid-arm and calf circumference measurements were used in the calculation of the 

MNA score.  

Other health outcome measures including assessing muscle strength using a hand 

held grip-strength dynamometer and blood pressure (measured twice from the right 

arm) using an automated Omron sphygmomanometer. 

5.3.4.4 Blood Sample 

A blood sample was taken (2x6ml) by the researcher from all participants and stored 

for batch analysis at the end of the study. Standard phlebotomy procedures were 

used at baseline, 6 weeks, 4 months and 8 months. Samples consisted of 

ethylenediaminetetraacetic acid (EDTA) and serum. Due to time constraints within 

the PhD timeframe of this thesis, samples were only used to measure Vitamin C 

concentration. However testing for a variety of nutrition-related biomarkers may be 

able to be carried out in the future. Samples were processed in the lab using a 

centrifuge at 3,000 revolutions per minute (RPM) for 15 minutes. They then had 300µl 

10% meta-phosphoric acid (MPA) added to 300µl of the plasma sample. These 

samples were stored in aliquots at -80℃. 

5.3.4.5 Food Diary 

Dietary intake was assessed in both groups using a four day food diary (including 1 

day at the weekend) at baseline, 6 weeks, 4 months and 8 months (see Appendix 

5.11). The researcher reviewed the diary for clarity purposes at each visit. Completed 

food diaries were entered into a nutrition analysis software programme called Nutritics 

Version 5 and analysed.  

5.3.4.6 Qualitative Interview  

Qualitative interviews were conducted in both groups using semi-structured open-

ended questions from an Interview Topic Guide to gain further insight into habit 

formation and to provide further feedback for intervention refinement (see Appendix 

5.12) (Gardner et al., 2014). Interviews were carried out at the 6 week follow-up visit 

using the guide to ensure all topics were covered but also encouragement was given 
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to participants to speak spontaneously. Whilst the CG interview was more brief, 

focusing on dietary changes only, the IG interview covered topics in more depth such 

as dietary changes, intervention delivery, engagement of study materials and study 

improvements. Interviews were conducted amongst both groups to investigate if there 

was any differences in habitual language used. As it was only decided that the CG 

group should be interviewed after the study started, not all CG group participants took 

part in the interview.  

 

5.3.5 DENHAB Embedded Behavioural Change Techniques  

The specific BCTs used for both groups (Table 5.1) and the IG only (Table 5.2) have 

been coded from the BCT 93 item v1 Taxonomy and are listed within this section 

alongside a descriptor of how they were embedded within the DENHAB study (Michie 

et al., 2013). 
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Table 5.1: BCTs Incorporated into DENHAB Using the 93 Item V1 Taxonomy (Both Groups) 

BCT BCT Definition BCT Descriptor in DENHAB Study 

 Biofeedback Provide feedback about the body using an 

external monitoring device as part of a 

behaviour change strategy 

Giving feedback of changes of anthropometry 

and other health outcome measures in 

comparison to previous study visits at each 

assessment (e.g. weight, BMI, etc.)* 

 Credible source Present verbal or visual communication 

from a credible source in favour of or against 

the behaviour 

Health information given by a trained 

researcher via the Eat Well Guide leaflet and 

also through giving feedback of changes of 

anthropometry and other health outcome 

measures *^ 

 Information about health 

consequences 

Provide information (e.g. written, verbal, 

visual) about health consequences of 

performing the behaviour 

Health information given via the Eat Well Guide 

leaflet^ 

 Monitoring outcome(s) of 

behaviour by others without 

feedback 

Observe or record outcomes of behaviour 

with the person’s knowledge as part of a 

behaviour change strategy 

 

Recording of anthropometry and other health 

outcome measures at each assessment^ 

*BCT primary mode of delivery – face to face  

^BCT primary mode of delivery – written  
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Table 5.2: BCTs Incorporated into DENHAB Using the 93 Item V1 Taxonomy (IG Only) 

BCT BCT Definition BCT Descriptor in DENHAB Study 

• Action planning Prompt detailed planning of performance of 

the behaviour (must include at least one of 

context, frequency, duration and intensity). 

Context may be environmental (physical or 

social) or internal 

A planning sheet included in the DENHAB 

booklet where participants write down their 

healthy habits along with where and when they 

would perform the behaviour as well as 

preparation and start dates*^ 

• Behaviour substitution Prompt substitution of the unwanted 

behaviour with a wanted or neutral 

behaviour 

 

In some scenarios a good behaviour was 

substituted for a bad behaviour e.g replacing an 

unhealthy dessert with fruit* 

• Behavioural practice/ 

rehearsal 

Prompt practice or rehearsal of the 

performance of the behaviour one or more 

times in a context or at a time when the 

performance may not be necessary, in 

order to increase habit and skill 

Habit was practiced/rehearsed by repeating in 

the same context*^ 

• Feedback on behaviour  Monitor and provide informative or 

evaluative feedback on performance of the 

behaviour   

Giving feedback on performance of the 

behaviour  of previous study visits at each 

assessment* 

• Goal setting (behaviour) Set or agree on a goal defined in terms of 

the behaviour to be achieved 

 

A planning sheet was included in the DENHAB 

booklet where participants discussed and wrote 

down their goals*^ 
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Table 5.2: BCTs Incorporated into DENHAB Using the 93 Item V1 Taxonomy (IG Only) 

BCT BCT Definition BCT Descriptor in DENHAB Study 

• Goal setting (outcome) Set or agree on a goal defined in terms of a 

positive outcome of wanted behaviour 

To increase fruit and vegetable, wholegrain and 

healthy protein intake* 

• Habit formation Prompt rehearsal and repetition of the 

behaviour in the same context repeatedly 

so that the context elicits the behaviour 

Three healthy habits were formed around fruit 

and vegetable, wholegrain and healthy protein 

intake*^  

• Habit reversal Prompt rehearsal and repetition of an 

alternative behaviour to replace an 

unwanted habitual behaviour 

Some habits may have included the swapping of 

an unhealthy habit for a healthy habit e.g fizzy 

drink for milk*^ 

• Instruction on how to perform 

a behaviour 

Advise or agree on how to perform the 

behaviour 

Instructions given as sections such as portion 

guide and eating on a budget were discussed*^ 

• Problem solving  Analyse, or prompt the person to analyse, 

factors influencing the behaviour and 

generate or select strategies that include 

overcoming barriers and/or increasing 

facilitators 

Participants were prompted to identify barriers 

that might get in the way of making successful 

changes, along with methods to help prevent 

them affecting habit formation. These were then 

written in the participant booklet*^ 

• Prompts/cues Introduce or define environmental or social 

stimulus with the purpose of prompting or 

cueing the behaviour. The prompt or cue 

would normally occur at the time or place of 

performance 

Tracking sheets and fridge magnets were 

provided which may have acted as a cue to 

perform habits^ 
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Table 5.2: BCTs Incorporated into DENHAB Using the 93 Item V1 Taxonomy (IG Only) 

BCT BCT Definition BCT Descriptor in DENHAB Study 

• Review behaviour goal(s) Review behaviour goal(s) jointly with the 

person and consider modifying goal(s) or 

behaviour change strategy in light of 

achievement. This may lead to re-setting 

the same goal, a small change in that goal 

or setting a new goal instead of (or in 

addition to) the first, or no change 

Reviewed habit goals after each subsequent 

study visit*^ 

• Self-monitoring of behaviour Establish a method for the person to 

monitor and record their behaviour(s) as 

part of a behaviour change strategy 

Tracking sheets were provided for self-

monitoring purposes^ 

• Self-monitoring of 

outcome(s) of behaviour 

Establish a method for the person to 

monitor and record the outcome(s) of their 

behaviour as part of a behaviour change 

strategy 

Anthropometry and other health outcomes were 

assessed at each study visit* 

*BCT primary mode of delivery – face to face  

^BCT primary mode of delivery – written  
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5.3.6 Ethical approval  

 

This work was conducted in compliance with the requirements outlined in the ESRC 

Framework for Research Ethics. Approval was given from the ORECNI (reference 

number 16/NI/0224) via the IRAS. The copy of the letter for obtained ethical approval 

can be found in Appendix 3.3. QUB was the sponsor for the study which had 

comprehensive standard operating procedures in place, both for the approval and 

monitoring of research of this type. The study was conducted in line with the Belfast 

Health and Social Care Trust Research Governance Framework for Health and Social 

Care (reference number 6086GMcK-SW), the principles of Good Clinical Practice and 

the Data Protection Act 1998. The ISRCTN of the study was ISRCTN66118345. 

Written consent to participate was sought from all participants and guidelines from 

the Declaration of Helsinki were adhered to. Comprehensive procedures were in 

place to ensure that the data was held securely, including the use of encrypted 

laptops and other devices with appropriate levels of password protection. Although 

not anticipated, any unexpected events if occurred were to be reported directly to the 

ORECNI and GM as PI.  

 

5.3.7 Sample Size  

 

It was calculated that a sample size of 25 patients per group (n=50) would have in 

excess of 80% power to detect a difference of 1.1 in SRBAI between the IG and CG 

at four months. This was based on a two-sided 5% level of significance and a standard 

deviation for SRBAI of 0.8. In addition, this sample size was also sufficiently powered 

to detect a difference in change of 1.5 portions of F/V intake per day. This calculation 

was based on data from a previous intervention study with a population of similar 

demographic characteristics (Gibson et al., 2012). Allowing for a 20% dropout rate, 

the study aimed to recruit up to 60 participants in total (IG n=30 and CG n=30). 
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5.3.8 Data Analysis  

5.3.8.1 Statistical analysis 

 

SPSS Statistics for Windows version 22.0 (SPSS Inc, Chicago, IL) was used for all 

analyses and a medical statistician gave statistical advice. The influence of the 

intervention on the primary and secondary endpoints was assessed by comparing the 

means of changes in measurements from baseline to 6 weeks (immediately post-

intervention), 4 months and 8 months between the IG and CG.  This difference in 

means provided an estimate of the effect of intervention and 95% confidence limits 

were calculated to indicate its precision. When appropriate, measurements were 

logarithmically transformed prior to analysis and interpretation was made in ratio 

terms on the original scale. Statistical significance was defined as P<0.05. Other 

questionnaire data were summarised, according to the scale of measurement used, 

as mean, standard deviation, median, interquartile range, frequencies, cross 

tabulations, and/or percentages where appropriate. The two groups were compared 

using independent t-tests (normally distributed data), Mann-Whitney (skewed or 

ordinal data) and chi-square (categorical data). If significant differences between 

groups were found, this was investigated further using analysis of covariance 

(ANCOVA) to adjust for baseline characteristics and other covariates. Comparisons 

on paired data were performed using a paired t-test (normally distributed data) and 

Wilcoxon test (skewed or ordinal data). Spearman’s correlation coefficient was used 

to present the association between two continuous variables.  

 

SRBAIS were also analysed using a sensitivity analysis which was conducted by 

recoding the Likert scale 0s as 1s. Rationale for this is outlined in Section 5.3.4.1. 

They were also analysed comparing the means of changes in measurements from 4 

months to 8 months.  

Using the IPAQ, the volume of activity was computed by weighting each type of 

activity (vigorous, moderate, walking) by its energy requirements defined in METs to 

yield a score in MET–minutes (IPAQ, 2012).  METs are multiples of the resting 

metabolic rate and a MET-minute is computed by multiplying the MET score of an 

activity by the minutes performed.  MET-minute scores are equivalent to kilocalories 

for a 60 kilogram person. In addition to this continuous measure, a categorical score 

(low/moderate/high) was also calculated.  
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EQ-5D utility scores were calculated using index values (Devlin et al., 2018). Changes 

for the VAS were calculated and the five dimensions were also presented individually 

as medians and IQRs. 

OHIP-14 scores were divided across seven domains comparing two separate 

methods of oral rehabilitation for RPD and functional dentition; functional limitation; 

physical pain; psychological discomfort; physical disability; psychological disability; 

social disability; handicap (McKenna et al., 2018).   

For the GNK questionnaire, each question was coded as correct/incorrect and the 

total number of correct answers in each of the four sections were calculated 

(Kliemann, Wardle, et al., 2016) . Also colour coding was used (green = definitely, 

amber = maybe, red = no) depending on whether each GNK question was contained 

in the intervention booklet or the EatWell Guide. A sensitivity analysis was performed 

to explore the effects of treating missing data as incorrect when <5% missing. 

Food diary data was transferred from Nutritics Version 5 into SPSS Version 22.0 

(SPSS Inc, Chicago, IL) and analysed using descriptive statistics. Nutrition analysis 

focused on mean daily consumptions of nutrients around the three dietary domains 

between baseline and follow-up time points and compared it to UK recommended 

allowances.  

 

5.3.8.2 Thematic Analysis  

 

A thematic analysis, as outlined by Braun & Clarke was conducted to code and 

identify key themes identified in the post-intervention interview transcripts (Braun and 

Clarke, 2006). The process involved the repeated reading of transcripts followed by 

generating a list of key codes which led to the development of a coding scheme. This 

coding scheme was applied to all transcripts. Codes were then grouped into 

categories leading to key themes being constructed. Only themes relevant to the 

habit-formation process and refinement of the intervention were included by 

assessing for relevance after coding.  

5.3.9 PPI Interview amongst Health Professionals  

 

At the end of the RCT, engagement with health professionals within the clinical setting 

was sought to help inform whether the intervention exhibited the required potential for 
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future implementation into routine practice. Consequently, a small scaled, qualitative 

study was conducted amongst dental health professionals with some level of 

involvement or familiarity with the DENHAB trial (e.g dentists/dental nurses who had 

patients who were participants in the trial) as preliminary PPI work to help guide its 

next stage research of implementation into clinical care. 

5.3.9.1 Objectives 

Through a qualitative interview with dental health professionals (dentists and dental 

nurses) this study sought:  

(i) To explore current dietary advice and nutritional measurements within routine 

dental practice  

(ii) To assess the impact that the DENHAB trial had whilst being conducted 

alongside routine dental practice  

(iii) To identify the factors that are important for implementation of the DENHAB 

trial into routine dental practice 

(iv) To assess the opinions of dentists and dental nurses in delivering the 

DENHAB intervention within routine dental practice themselves  

 

5.3.9.2 Study Design Overview  

Participants (health professionals who had some sort of engagement with the 

DENHAB trial in the clinical setting) were asked to take part in an approximate 20-

minute face-to-face semi-structured interview at the Centre for Dentistry. It was 

expected that five+ interviews would be conducted or until the amount of qualitative 

research conducted was sufficient to obtain information to help answer the identified 

aims and objectives.  

5.3.9.3 Recruitment  

The local collaborator (GM) identified relevant stakeholders (dentists and dental 

nurses) through established links using a purposive sample. Individuals were invited 

to participate and were given a copy of the PIS (see Appendix 5.13) which included 

the researcher’s contact details. Participants who were interested then made contact 

with the researcher to discuss the study in more detail, or, if consent was given, the 

researcher contacted them. Potential participants were given at least 48 hours from 
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discussing the study to decide whether or not they wished to take part and were 

informed that participation is optional.   

5.3.9.4 Data Collection 

Interviews were conducted in accordance with a standardised protocol (see Appendix 

5.14) consisting of semi-structured open-ended questions in order to ensure a 

consistent approach. However, protocols may have been slightly modified to be 

relevant to the role of the health professional. Interviews were tape recorded and 

transcribed verbatim (by LAM). Audio recordings were destroyed as soon as verbatim 

transcripts were prepared.  

 

5.3.9.5 Data analysis 

A thematic analysis was conducted to code and identify key themes identified in the 

transcripts (Braun, 2006). Overall this process involved the repeated reading of the 

transcripts followed by generating a list of key codes which led to the development of 

a coding scheme (by LAM). This coding scheme was applied to all transcripts. Codes 

were then grouped into categories leading to key themes being constructed.  
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5.4 Results 

5.4.1 Screening and Recruitment Summary  

After following the screening and recruitment process as outlined in Section 5.3.1 and 

5.3.2, Figure 5.7 summarises the recruitment pathway of the DENHAB study using 

the CONSORT diagram. Of the 48 patients who declined to participate, declining 

rationale included: no interest (n=22); poor health (n=10); eats healthy already (n=3); 

and too busy/too many commitments (13). Other reasons for exclusion (n=42) 

included uncontactable (n=36); death (n=1); reason unrecorded (n=2); and dropouts 

prior to randomisation (n=3). Of the 54 participants that were randomised, recruitment 

was conducted in the following way: 27% by review appointment, 43% by physician 

letter, 10% by poster and 20% by snowballing.  

Prior to randomisation, these participants reported in their screening forms their level 

of importance to make healthy changes to their diet as either very important (43%), 

quite important (27%) or somewhat important (14%). Their level of confidence for 

being able to stick to any dietary changes that they made were either very confident 

(37%), somewhat confident (37%), mildly confident (6%) or not confident at all (4%). 

When asked on a scale of one to ten, how ready they felt they were to make healthy 

dietary changes (1-not at all ready, 10-completely ready), a median value of eight was 

reported. Eight recruited participants failed to complete the study (three pre-

randomisation, five post-randomisation) leaving a total of 49 active participants, which 

gave a 14% attrition rate. Of the eight participants, 63% were male and they had a 

mean age of 72. They were also of a significantly lower MDS than completed 

participants, meaning that they were from more deprived areas.  
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Figure 5.7: CONSORT Diagram Summarising Flow of Participants on the DENHAB Study 



 

216 
 

5.4.2 Baseline Characteristics  

 
 
Baseline characteristics for participants are presented in Table 5.3 (continuous 

variables presented as Mean (SD) and categorical variables as n (%)). Five 

participants (one female, four male) withdrew post baseline (all within the intervention 

group) with a mean age of 69. Other than MDS (lower score for dropout participants), 

there were no significant differences between dropout and completed participants for 

age, gender and education.  There were no significant differences between groups 

for the characteristics specified in Table 5.3 apart from “feeling full” after eating 

(p=0.03). 

 

A separate table (Table 5.4) was used to present baseline dental characteristics for 

participants. Dental status amongst participants were classified as either wearing 

RPDs or as possessing a functional dentition. As discussed in Chapter 1 of this thesis, 

RPDs are a removable prosthesis with one or more replacement teeth whilst a 

functional dentition is defined as a minimum threshold of 5 occluding pairs of teeth 

which provides adequate oral function without the use of a removable prosthesis. 

There were no significant differences in the proportion of RPDs and functional 

dentition between groups (p=0.39). There was no significant difference between 

groups regarding chewing ability apart from crusty bread where IG had more difficulty 

(p=0.007) and sliced cooked meat where IG had more difficulty (p=0.02).    
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Table 5.3: Baseline Characteristics of DENHAB RCT Participants  
 

 
Characteristic 

All DENHAB Participants 
(n=54) 

Intervention Group 
(n=27) 

Control Group 
(n=27) 

Age (years) Mean (SD) 72.2 (5.8) 71.3 (5.6)  73.1 (6.0) 

Gender  
Male n(%) 
Female n(%) 

 
32 (59.3%) 
22 (40.7%) 

 
16 (59.3%) 
11 (40.7%) 

 
16 (59.3%) 
11 (40.7%) 

BMI (categorised) n(%) n=52 
Underweight  
Normal  
Overweight  
Obese  
Severely obese  

   
  0 (0.0%) 
12 (23.1%) 
20 (38.5%) 
12 (23.1%) 
  8 (15.4%) 

  
  0 (0.0%) 
  4 (15.4%) 
10 (38.5%)  
  8 (30.8%) 
  4 (15.4%) 

   
  0 (0.0%) 
  8 (30.8%) 
10 (38.5%) 
  4 (15.4%) 
  4 (15.4%) 

Current smoker n(%)   n=53   3 (5.7%)   2 (7.7%)   1 (3.7%) 

Previous smoker n(%)  n=50 24 (48.0%) 15 (62.5%)   9 (34.6%) 

Alcohol consumer n(%) 
Never or Occasionally  
Once or Twice a Week  
Three to five times a week  
Six or seven times a week  

 
36 (66.7%) 
11 (20.4%) 
  3 (5.6%) 
  4 (7.4%) 

 
18 (66.7%) 
  6 (22.2%) 
  1 (3.7%) 
  2 (7.4%) 

 
18 (66.7%) 
  5 (18.5%) 
  2 (7.4%) 
  2 (7.4%) 

Systolic Blood Pressure (mmHg) Mean 
(SD) n=50 

146.4 (19.1) 147.6 (17.6)  145.0 (20.9) 

Diastolic Blood Pressure (mmHg) Mean 
(SD) n=50 

  82.1 (11.9)   83.8 (10.9)    80.4 (12.9) 

Height (cm) Mean (SD) n=53 167.6 (8.2) 168.2 ( 8.1)  166.8 ( 8.5) 

Nutritional Supplements n(%) 
Yes  

  
29 (53.7%) 

 
16 (59.3%) 

 
13 (48.1%) 

Medication n(%) 
No Medication  
One to Four Medications  
Five to Nine Medications  
Ten + Medications  

 
  9 (16.7%) 
21 (38.9%) 
17 (31.5%) 
  7 (13.0%) 

 
  3 (11.1%) 
12 (44.4%) 
  9 (33.3%) 
  3 (11.1%) 

 
  6 (22.2%) 
  9 (33.3%) 
  8 (29.6%) 
  4 (14.8%) 

On a Special Diet n(%) n=53  
  2 (3.8%) 

 
  1 (3.8%) 

 
  1 (3.7%) 
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Table 5.3: Baseline Characteristics of DENHAB RCT Participants  
 

 
Characteristic 

All DENHAB Participants 
(n=54) 

Intervention Group 
(n=27) 

Control Group 
(n=27) 

Yes  

Relationship status  n(%) n=52 
Single  
Married  
Living as Married  
Separated  
Divorced  
Widowed  

 
  2 (3.8%) 
30 (57.7%) 
  0 (0.0%) 
  2 (3.8%) 
  8 (15.4%) 
10 (19.2%) 

 
  1 (3.8%) 
17 (65.4%) 
  0 (0.0%) 
  1 (3.8%) 
  3 (11.5%) 
  4 (15.4%) 

 
  1 (3.8%) 
13 (50.0%) 
  0 (0.0%) 
  1 (3.8%) 
  5 (19.2%) 
  6 (23.1%) 

Occupation Status n (%) 
Working  
Retired  

 
10 (18.5%) 
44 (81.5%) 

 
  4 (14.8%) 
23 (85.2%) 

 
  6 (22.2%) 
21 (77.8%) 

Years in Full Time Education (years) 
Mean (SD)  n=53 

 13.2 (3.9) 13.3 (3.4)  13.0 (4.3) 

Highest level of education completed 
n(%) n=53 
Primary/secondary 
O level/GCSE 
A level 
Technical 
Diploma 
Degree 
Postgraduate 

 
 
15 (28.3%) 
  6 (11.3%) 
  3 (5.7%) 
  6 (11.3%) 
13 (24.5%) 
  5 (9.4%) 
  5 (9.4%) 

 
  
7 (25.9%) 
 2 (7.4%) 
 3 (11.1%) 
 2 (7.4%) 
 8 (29.6%) 
 1 (3.7%) 
 4 (14.8%) 

 
   
8 (30.7%) 
  4 (15.4%) 
  0 (0.0%) 
  4 (15.4%) 
  5 (19.2%) 
  4 (15.4%) 
  1 (3.8%) 

Ethnic Origin n(%) n=52 
White British  
White Irish  
Other white background 
Indian  

 
40 (76.9%) 
  9 (17.3%) 
  2 (3.8%) 
  1 (1.9%) 

 
19 (73.1%) 
  5 (19.2%) 
  1 (3.8%) 
  1 (3.8%) 

 
21 (80.8%) 
  4 (15.4%) 
  1 (3.8%) 
  0 (0.0%) 

MDS^ Median (interquartile range)  
 
1=most deprived n (%) 
2 

  4 (3.75,5) 
 
  5 (9.3%) 
  3 (5.6%) 

  5 (4,5) 
 
  3 (11.1%) 
  1 (3.7%) 

  4 (3,5) 
 
  2 (7.4%) 
  2 (7.4%) 
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Table 5.3: Baseline Characteristics of DENHAB RCT Participants  
 

 
Characteristic 

All DENHAB Participants 
(n=54) 

Intervention Group 
(n=27) 

Control Group 
(n=27) 

3 
4 
5=least deprived 

  5 (9.3%) 
15 (27.8%) 
26 (48.1%) 

  2 (7.4%) 
  6 (22.2%) 
15 (55.6%) 

  3 (11.1%) 
  9 (33.3%) 
11 (40.7%) 

Nutrition Related Qualifications  n(%) 
n=53 
Yes  

 
 
53 (100.0%) 

 
 
27 (100.0%) 

 
 
26 (100.0%) 

Appetite n (%)  
Very Good  
Good  
Average  
Poor/ Very Poor  

 
12 (22.2%) 
22 (40.7%) 
15 (27.8%) 
  5 (9.3%) 

 
  7 (25.9%) 
11 (40.7%) 
  7 (25.9%) 
  2 (7.4%) 

 
  5 (18.5%) 
11 (40.7%) 
  8 (29.6%) 
  3 (11.1%) 

Level of Fullness n (%) 
Feel Full After Eating Only a Few Mouthfuls  
Feel Full After Eating About A Third of A 
Meal  
Feel Full After Eating Over Half a Meal  
Felt Full After Eating Most of Their Meal  
Hardly Ever Feel Full 

 
  0 (0.0%) 
  3 (5.6%) 
   
4 (7.4%) 
41 (75.9%) 
  6 (11.1%) 

 
  0 (0.0%) 
  3 (11.1%) 
   
2 (7.4%) 
22 (81.5%) 
  0 (0.0%) 

 
  0 (0.0%) 
  0 (0.0%) 
   
2 (7.4%) 
19 (70.4%) 
  6 (22.2%) 

Food Taste n (%) 
Very Good  
Good  
Average  
Bad/Very Bad 

 
12 (22.2%) 
30 (55.6%) 
10 (18.5%) 
  2 (3.8%) 

 
  5 (18.5%) 
16 (59.3%) 
  6 (22.2%) 
  0 (0.0%) 

 
  7 (25.9%) 
14 (51.9%) 
  4 (14.8%) 
  2 (7.4%) 

Meals A Day n (%) n=53 
Less Than One Meal a Day  
One Meal a Day  
Two Meals a Day  
Three Meals a Day  
More Than Three Meals a Day  

 
  0 (0.0%) 
  2 (3.8%) 
12 (22.6%) 
36 (67.9%) 
  3 (5.7%) 

 
  0 (0.0%) 
  2 (7.7%) 
  8 (30.8%) 
16 (61.5%) 
  0 (0.0%) 

 
  0 (0.0%) 
  0 (0.0%) 
  4 (14.8%) 
20 (74.1%) 
  3 (11.1%) 

Health Status n(%) n=52    
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Table 5.3: Baseline Characteristics of DENHAB RCT Participants  
 

 
Characteristic 

All DENHAB Participants 
(n=54) 

Intervention Group 
(n=27) 

Control Group 
(n=27) 

Very Good/Excellent 
Good 
Poor/Fair 

  6 (11.5%) 
25 (48.1%) 
21 (40.3%) 

  2 (7.7%) 
10 (38.5%) 
14 (53.9%) 

  4 (15.3%) 
15 (57.7%) 
  7 (26.9%) 

^MDS ranges from a ranking of 1 (most deprived area) to 5 (least deprived area)  (NISRA, 2018) 
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Table 5.4: Baseline Dental Characteristics of DENHAB RCT Participants 
 

 
Characteristic 

All DENHAB Participants 
(n=54) 
n (%) 

Intervention Group 
(n=27) 
n (%) 

Control Group 
(n=27) 
n (%) 

Dental Status  
RPD 
Functional Dentition  

 
36 (66.7%) 
18 (33.3%) 

 
20 (74.1%) 
  7 (25.9%) 

 
16 (59.3%) 
11 (40.7%) 

Frequency of Brushing Teeth  
Once a Day  
Twice a Day  
Three or More Times a Day  

 
11 (20.8%) 
31(58.5%) 
11 (20.8%) 
n=53 

 
  4 (15.4%) 
18 (69.2%) 
  4 (15.4%) 
n=26 

 
  7 (25.9%) 
13 (48.1%) 
  7 (25.9%) 
 

Frequency of Cleaning Dentures  
Once a Day  
Twice a Day  
Three or More Times a Day  
No dentures 

 
  8 (15.1%) 
21 (39.6%)  
 7 (13.2%) 
17 (32.1%) 
n=53 

 
  3 (11.5%) 
15 (57.7%) 
  3 (11.5%) 
  5 (19.2%) 
n=26 

 
  5 (18.5%) 
  6 (22.2%) 
  4 (14.8%) 
12 (44.4%) 

Chewing ability  
No Difficulty  
A little Difficulty  
A Fair Amount of Difficulty  
A Great Amount of Difficulty  

 
31 (57.4%) 
13 (24.1%) 
  8 (14.8%) 
  2 (3.7%) 

 
13 (48.1%) 
  8 (29.6%) 
  6 (22.2%) 
  0 (0.0%) 

 
18 (66.7%) 
  5 (18.5%) 
  2 (7.4%) 
  2 (7.4%) 

Sliced Bread  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
49 (90.7%) 
  5 (9.3%) 
  0 (0.0%) 

 
24 (88.9%) 
  3 (11.1%) 
  0 (0.0%) 

 
25 (92.6%) 
  2 (7.4%) 
  0 (0.0%) 

Crusty Bread  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
35 (64.8%) 
14 (25.9%) 
  5 (9.3%) 

 
16 (59.3%) 
11 (40.7%) 
  0 (0.0%) 

 
19 (70.4%) 
  3 (11.1%) 
  5 (18.5%) 

Cheese  
Could Eat Easily  
Could Eat With Some Difficulty  

 
50 (92.6%) 
  4 (7.4%) 

 
25 (92.6%) 
  2 (7.4%) 

 
25 (92.6%) 
  2 (7.4%) 
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Table 5.4: Baseline Dental Characteristics of DENHAB RCT Participants 
 

 
Characteristic 

All DENHAB Participants 
(n=54) 
n (%) 

Intervention Group 
(n=27) 
n (%) 

Control Group 
(n=27) 
n (%) 

Could Not Eat at All    0 (0.0%)   0 (0.0%)   0 (0.0%) 

Tomatoes  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
48 (88.9%) 
  4 (7.4%) 
  2 (3.7%) 

 
24 (88.9%) 
  3 (11.1%) 
  0 (0.0%) 

 
24 (88.9%) 
  1 (3.7%) 
  2 (7.4%) 

Raw Carrots  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
29 (53.7%) 
16 (29.6%) 
  9 (16.7%) 

 
15 (55.6%) 
 9 (33.3%) 
 3 (11.1%) 

 
14 (51.9%) 
  7 (25.9%) 
  6 (22.2%) 

Cooked Green Vegetables  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
51 (94.4%) 
  2 (3.7%) 
  1 (1.9%) 

 
25 (92.6%) 
  2 (7.4%) 
  0 (0.0%) 

 
26 (96.3%) 
  0 (0.0%) 
  1 (3.7%) 

Lettuce  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
42 (77.8%) 
11 (20.4%) 
  1 (1.9%) 

 
20 (74.1%) 
  7 (25.9%) 
  0 (0.0%) 

 
22 (81.5%) 
  4 (14.8%) 
  1 (3.7%) 

Sliced Cooked Meats  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
40 (74.1%) 
12 (22.2%) 
  2 (3.7%) 

 
17 (63.0%) 
10 (37.0%) 
  0 (0.0%) 

 
23 (85.2%) 
  2 (7.4%) 
  2 (7.4%) 

Apples  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
23 (42.6%) 
18 (33.3%) 
13 (24.1%) 

 
11 (40.7%) 
10 (37.0%) 
  6 (22.2%) 

 
12 (44.4%) 
  8 (29.6%) 
  7 (25.9%) 

Oranges  
Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

 
46 (85.2%) 
  6 (11.1%) 
  2 (3.7%) 

 
21 (77.8%) 
  6 (22.2%) 
  0 (0.0%) 

 
25 (92.6%) 
  0 (0.0%) 
  2 (7.4%) 

Nuts     
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Table 5.4: Baseline Dental Characteristics of DENHAB RCT Participants 
 

 
Characteristic 

All DENHAB Participants 
(n=54) 
n (%) 

Intervention Group 
(n=27) 
n (%) 

Control Group 
(n=27) 
n (%) 

Could Eat Easily  
Could Eat With Some Difficulty  
Could Not Eat at All  

34 (63.0%) 
13 (24.1%) 
  7 (13.0%) 

15 (55.6%) 
  9 (33.3%) 
  3 (11.1%) 

19 (70.4%) 
  4 (14.8%) 
  4 (14.8%) 

If ‘Could Not Eat at All’ For Any of The 
Foods Above   
Can Eat Only Soft or Mashed Foods  
Can Eat Other Foods as Well  
Can Only Take Liquids/Cannot Even Eat 
Soft or Mashed Foods  

n=18 
  
1 (5.6%) 
17 (94.4%) 
  0 (0.0%) 

n=10 
  
 1 (10.0%) 
  9 (90.0%) 
  0 (0.0%) 

n=8 
   
0 (0.0%) 
  8 (100.0%) 
  0 (0.0%) 
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5.4.3 Habit Automaticity Scores 

5.4.3.1 Habit Automaticity for Individually Tailored Habits within the IG 

5.4.3.1.1 SRBAI Scores 

SRBAIS are presented as raw data using mean and standard deviation and mean 

change scores are presented using standard deviation and confidence intervals. 

Table 5.5 demonstrates that there were increases in SRBAIS between time points for 

all three individually tailored (participant specific) habits within the IG for all follow up 

visits from baseline (minus mean change scores is a positive change). Within this 

table, a sensitivity analysis that recoded SRBAIS of zero to one (see Section 4.3.4.1 

for rationale) showed little or no change to original individually tailored SRBAIS as all 

behaviours were also significant at each time point. No significant change was 

observed in mean change scores between four and eight months as tailored habits 

already appeared to be set.  

As the delivery of each habit was at fortnightly intervals, this meant the length of days 

regarding practice was different for each (adherence to habits). The adherence to 

habits (Table 5.6) appeared to be very high in all three behaviours, as demonstrated 

by the number of days participants reportedly carried out/enacted their healthy habit. 

Similar correlations patterns were observed between automaticity and the number of 

days participants did their healthy habit. Correlations were low to moderate (F/V 0.39, 

p=0.08; WG 0.42, p=0.06; PR0.44, p=0.47) at six weeks, as behaviours were in the 

process of becoming habitual but were strong by four months (F/V 0.74, p<0.001; WG 

0.91, p<0.001; PR 0.82, p<0.001) and were all statistically significant. Apart from 

protein, by eight months, correlations were borderline moderate to high (F/V 0.62 

p=0.002; WG 0.59, p=0.004; PR 0.9, p<0.001) but significant differences were still 

detected across all three eating behaviours. There were only slight changes in the 

intention and planning scores between the time points which remained high 

throughout and therefore no significant differences were observed between baseline 

and follow up visits. This can be observed in Table 5.6, presented as medians and 

IQRs.  
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Table 5.5: SRBAI Results for Individually Tailored Habits within the IG  

 Mean (SD) Fruit and Vegetables Habit Wholegrain Habit Healthy Protein Habit 

Baseline SRBAIS* (n=22)           0.4 (1.2)  1.1 (2.3)  0.2 (1.0) 

Baseline SRBAIS With Sensitivity 

Analysis^ (n=22)            

1.3 (0.8) 1.9 (1.8) 1.2 (0.8) 

6 Week SRBAIS* (n=22)        

 

6.0 (1.4) 5.8 (1.3) 4.5 (2.2) 

6 Week SRBAIS Mean Change Score 

From Baseline* (n=22)        

-5.5 (1.6) [-6.2, -4.8] -4.7 (2.4) [-5.8, -3.6] -4.3 (2.2) [-5.3, -3.3] 

P Value 6 Week SRBAIS Mean Change 

Score From Baseline 

<0.001 <0.001 <0.001 

6 Week SRBAIS With Sensitivity 

Analysis^ (n=22)   

 

6.0 (1.4) 5.8 (1.3) 4.6 (2.0) 

6 Week SRBAIS With Sensitivity Analysis 

Mean Change Score From Baseline^ 

(n=22)                 

-4.7 (1.4) [-5.3, -4.0] -3.9 (2.1) [-4.9, -3.0] -3.4 (2.0) [-4.3, -2.5] 

P Value 6 Week SRBAIS With Sensitivity 

Analysis Mean Change Score From 

Baseline 

<0.001 <0.001 <0.001 

4 Month SRBAIS* (n=21)          5.4 (2.5) 5.3 (2.0) 4.9 (2.4) 
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Table 5.5: SRBAI Results for Individually Tailored Habits within the IG  

 Mean (SD) Fruit and Vegetables Habit Wholegrain Habit Healthy Protein Habit 

4 Month SRBAIS Mean Change Score 

From Baseline* (n=21)          

-5.0 (2.5) [-6.1, -3.8] -4.1 (3.0) [-5.4, -2.7] -4.7 (2.4) [-5.8, -3.6] 

P Value 4 Month SRBAIS Mean Change 

Score From Baseline 

<0.001 <0.001 <0.001 

4 Month SRBAIS With Sensitivity 

Analysis^ (n=21)  

 

5.6 (2.2) 5.3 (1.9) 5.0 (2.2) 

4 Month SRBAIS With Sensitivity Analysis 

Mean Change Score From Baseline^ 

(n=21)                  

-4.3 (2.2) [-5.2, -3.3] -3.4 (2.6) [-4.6, -2.2] -3.8 (2.1) [-4.8, -2.8] 

P Value 4 Month SRBAIS With Sensitivity 

Analysis Mean Change Score From 

Baseline 

<0.001 <0.001 <0.001 

8 Month SRBAIS*(n=22)   

     

5.5 (2.2) 4.9 (2.4) 4.9 (2.1) 

8 Month SRBAIS Mean Change Score 

From Baseline* (n=22)       

-5.1 (2.3) [-6.1, -4.0] -3.7 (3.1) [-5.1, -2.4] -4.7 (2.2) [-5.7, -3.7] 

P Value 8 Month SRBAIS Mean Change 

Score From Baseline 

<0.001 <0.001 <0.001 
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Table 5.5: SRBAI Results for Individually Tailored Habits within the IG  

 Mean (SD) Fruit and Vegetables Habit Wholegrain Habit Healthy Protein Habit 

8 Month SRBAIS With Sensitivity 

Analysis^ (n=22)  

5.6 (2.0) 5.0 (2.2) 5.0 (1.9) 

8 Month SRBAIS With Sensitivity Analysis 

Mean Change Score From Baseline^ 

(n=22)  

 

-4.3 (2.0) [-5.2, -3.4] -3.1 (2.7) [-4.2, -1.9] -3.8 (1.9) [4.7, -3.0] 

P Value 8 Month SRBAIS With Sensitivity 

Analysis Mean Change Score From 

Baseline 

<0.001 <0.001 <0.001 

8 Month SRBAIS Mean Change Score 

From Four Months^ (n=21)  

-0.2 (2.3) [-1.2, 0.8] 0.4 (2.0) [-0.5, 1.2] -0.01 (2.3) [-1.1, 1.0] 

P Value 8 Month SRBAIS Mean Change 

Score From Four Months 

0.71 0.41 0.98 

8 Month SRBAIS With Sensitivity Analysis 

Mean Change Score From Four Months^ 

(n=21) 

-0.1 (2.0) [-1.1, 0.8] 0.3 (1.7) [-0.5, 1.1] -0.01 (2.1) [-1.0, 0.9] 

P Value 8 Month With Sensitivity Analysis 

SRBAIS Mean Change Score From Four 

Months 

0.75 0.41 0.98 

*SRBAIS on a scale of 0-7                          ^SRBAIS on a scale of 1-7                           
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Table 5.6: Habit Intention, Planning and Adherence for Individually Tailored Habits within the IG  

 Median (IQRs) Fruit and Vegetables Habit Wholegrain Habit Healthy Protein Habit 

Baseline Habit Intention Score^  (n=22)     
        

6.5 (6.0, 7.0) 6.0 (5.0, 7.0) 7.0 (5.75, 7.0) 

6 Week Habit Intention Score^  (n=22)  
 

7.0 (6.0, 7.0) 7.0 (5.75, 7.0) 6.0 (5.0, 7.0) 

4 Month Habit Intention Score^ (n=21)  
 

7.0 (6.0, 7.0) 7.0 (5.5, 7.0) 6.0 (5.0, 7.0) 

8 Month Habit Intention Score^ (n=22) 
 

7.0 (5.75, 7.0) 6.0 (4.75, 7.0) 6.0 (5.0, 7.0) 

Baseline Habit Planning Score^ (n=22)            6.5 (6.0, 7.0) 6.0 (5.0, 7.0) 7.0 (5.75, 7.0) 

6 Week Habit Planning Score^ (n=22)    
 

7.0 (6.0, 7.0) 7.0 (6.0, 7.0) 6.0 (5.0, 7.0) 

4 Month Habit Planning Score^ (n=21)        
 

7.0 (6.0, 7.0) 7.0 (5.0, 7.0) 6.0 (5.0, 7.0) 

8 Month Habit Planning Score^ (n=22)    
 

7.0 (5.75, 7.0) 6.5 (5.0, 7.0) 6.0 (5.0, 7.0) 

6 Week Adherence to Habit (n=22)            35 of 42 days 23 of 28 days 9 of 14 days 

4 Month Adherence to Habit (n=21)            11 of 14 days 10 of 14 days 9 of 14 days 

8 Month Adherence to Habit (n=22)            10 of 14 days 8 of 14 days 9 of 14 days 

^Intention and Planning Scores on a scale of 1-7   
 

 



 

229 
 

5.4.3.1.2 Habit Classification 

 

As outlined in Section 2.3.3.1.2, habits were self-chosen from a list of pre-defined 

eating behaviour suggestions. A classification of chosen habits are displayed in 

Figures 5.8-5.10 in bar chart form to demonstrate the popularity of suggested eating 

behaviours. If a participant decided upon an eating behaviour that was not featured 

in the suggested list, it was noted if this was a similar or completely different habit.  

Figure 5.8: Classification of Fruit and Vegetable Habits Selected by DENHAB 
Participants  
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Figure 5.9: Classification of Wholegrain Habits Selected by DENHAB Participants  

Figure 5.10: Classification of Healthy Protein Habits Selected by DENHAB 
Participants  
 



 

231 
 

5.4.3.1.3 Habit Characteristics  

In order to capture sources of variation, a further breakdown of the characteristics of 

individually tailored habit goals are recorded within Table 5.7. Although any habit 

cannot necessarily be called a ‘good habit’, habits were assessed for suboptimality 

based on principles of habit theory and previous research in a similar domain 

(Gardner et al., 2014). This table lists pre-judged habit goals of suboptimality for habit-

formation according to each of the six characteristics. It demonstrated relatively low 

suboptimality, as a large percentage of goals were scored between 0-1 (44.4% fruit 

and vegetable habit, 69.2% wholegrain habit, healthy protein habit 80.8%). Most other 

goals were deemed to be suboptimal on two or perhaps three characteristics, with 

the exception of one healthy protein goal that received a suboptimal score of four.  

Additional age-related factors that were captured within the researcher field notes or 

through qualitative findings were recorded that were thought to potentially hinder the 

habit-formation process. These possible barriers are presented in Figure 5.11 in pie 

chart format. Whilst there did not appear to be any apparent age-related barriers 

recorded by the researcher for half of participants (n=10), for the other half factors 

recorded included memory loss (n=4), physical health/illness (n=1), poor appetite 

(n=1), bereavement (n=1) or a combination (n=3). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.11: Identified Age-related Factors That May Have Negatively Impacted the 

Process of Habit-formation  
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Table 5.7: Characteristics of Individually Tailored Habit Goals within the IG 

Characteristic 
  

Observed Values 
 
 
 
 
(* = prejudged to be 
suboptimal) 

Verbatim Examples 
  

Observed Frequency 

FV 
Goals 

WG 
Goals 

PR 
Goals 

(n = 27) (n = 26) (n = 26) 

Characteristics 
of target 
behaviours 

`To have...’ n (%) n (%) n (%) 

1. Frequency of 

target behaviour 

a. Once a day a. `... a healthy afternoon snack with 

rye bread’ 

22 

(100.0%) 

21 (95.5%) 20 

(90.9%) 

b. Twice a day or more b. `... one vegetable with lunch and 

one with dinner’ 

0 (0.0%) 0 (0.0%) 0 (0.0%) 

c. Unclear or unspecified* c. `... extra milk during the day’ 0 (0.0%) 1 (4.5%) 2 (9.1%) 

 
 Total suboptimal goals 0 (0.0%) 1 (4.5%) 2 (9.1%) 

2. Behaviour 

specified in 

absolute or 

relative terms 

a. Absolute a. `... two vegetables with dinner’ 22 

(100.0%) 

21 (95.5%) 20 

(90.9%) 

b. Relative* b. `... more milk’ 0 (0.0%) 1 (4.5%) 2 (9.1%) 

c. Combination of absolute 

and relative (where multiple 

behaviours specified) 

c. `...one glass of fruit juice a day and 

more milk’ 

0 (0.0%) 0 (0.0%) 0 (0.0%) 

d. Unclear* d. `… a healthy wholegrain snack 

from the list’ 

0 (0.0%) 0 (0.0%) 0 (0.0%) 

 
 Total suboptimal goals 0 (0.0%) 1 (4.5%) 2 (9.1%) 

a. Increase in healthy 

behaviour 

a. `... more fruit’ 5 (22.7%) 1 (4.5%) 5 

(22.7%) 
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Table 5.7: Characteristics of Individually Tailored Habit Goals within the IG 

Characteristic 
  

Observed Values 
 
 
 
 
(* = prejudged to be 
suboptimal) 

Verbatim Examples 
  

Observed Frequency 

FV 
Goals 

WG 
Goals 

PR 
Goals 

(n = 27) (n = 26) (n = 26) 

Characteristics 
of target 
behaviours 

`To have...’ n (%) n (%) n (%) 

3. Increase or 

decrease in 

target behaviour 

b. Decrease in unhealthy 

behaviour* 

b. `... less biscuits’ 0 (0.0%) 0 (0.0%) 0 (0.0%) 

c. Combination of increase 

in healthy and decrease in 

unhealthy behaviour (where 

multiple behaviours 

specified) 

c. `... less red meat/processed meat 

and more leaner/white meat’ 

3 (13.6%) 16 (72.7%) 10 

(45.5%) 

d. Unclear or unspecified* d. `... one cup of milk’ 14 

(63.6%) 

5 (22.7%) 7 

(31.8%) 

 
 Total suboptimal goals 14 

(63.6%) 

5 (22.7%) 7 

(31.8%) 

4. Behaviour 
combined with 
behaviour under 
another feeding 
domain  

a. Yes* a. ‘... porridge as WG habit goal with 

semi-skimmed milk as PR goal for 

breakfast’ 

3 (13.6%) 3 (13.6%) 2 (9.1%) 

b. No b. ‘... porridge as WG habit goal for 

breakfast and white/lean meat at 

dinner for PR goal’ 

19 

(86.4%) 

17 (77.3%) 18 

(81.8%) 
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Table 5.7: Characteristics of Individually Tailored Habit Goals within the IG 

Characteristic 
  

Observed Values 
 
 
 
 
(* = prejudged to be 
suboptimal) 

Verbatim Examples 
  

Observed Frequency 

FV 
Goals 

WG 
Goals 

PR 
Goals 

(n = 27) (n = 26) (n = 26) 

Characteristics 
of target 
behaviours 

`To have...’ n (%) n (%) n (%) 

c. Unclear* c. ‘... porridge as WG habit goal for 

breakfast and to swap full fat milk to 

semi skimmed for PR goal’ 

0 (0.0%) 2 (9.1%) 2 (9.1%) 

 
 Total suboptimal goals 3 (13.6%) 5 (22.7%) 4 

(18.2%) 

5. Further 
changes made to 
diet outside of 
habit goal  

a. Yes* a. ‘...a banana with breakfast but also 

now snacks on fruit during the day’ 

9 (40.9%) 7 (31.8%) 7 

(31.8%) 

b. No b. ‘...a banana with breakfast and no 

further changes’ 

13 

(59.1%) 

15 (68.2%) 15 

(68.2%) 

c. Unclear* c. ‘...a banana with breakfast and 

possible further changes’ 

0 (0.0%) 0 (0.0%) 0 (0.0%) 

d. Temporary changes* d. ‘...a banana with breakfast and also 

snacked on fruit temporarily’ 

0 (0.0%) 0 (0.0%) 0 (0.0%) 

 
 Total suboptimal goals 9 (40.9%) 7 (31.8%) 7 

(31.8%) 

Characteristic 

of context 
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Table 5.7: Characteristics of Individually Tailored Habit Goals within the IG 

Characteristic 
  

Observed Values 
 
 
 
 
(* = prejudged to be 
suboptimal) 

Verbatim Examples 
  

Observed Frequency 

FV 
Goals 

WG 
Goals 

PR 
Goals 

(n = 27) (n = 26) (n = 26) 

Characteristics 
of target 
behaviours 

`To have...’ n (%) n (%) n (%) 

6. Type of cue a. Time of day* a. `... a yoghurt at 3 pm’ 9 (40.9%) 6 (12.2%) 6(12.2%) 

b. During or after a meal b. `... two vegetables with dinner’ 13 

(59.1%) 

15 (30.6%) 14 

(28.6%) 

c. During or after any other 

event 

c. `... a glass of milk after the gym’ 0 (0.0%) 0 (0.0%) 0 (0.0%) 

d. As a substitute for less 

healthy food 

d. `... fruit instead of biscuits during 

the day’ 

0 (0.0%) 1 (2.0%) 2 (4.1%) 

f. None specified* f. `... a glass of milk every day’ 0 (0.0%) 0 (0.0%) 0 (0.0%) 

 
 Total suboptimal goals 9 (40.9%) 6 (12.2%) 6 

(12.2%) 

 
     

Total Goal 
Suboptimality 
Score** 

 0 (Non-suboptimal) 3 (11.1%) 9 (34.6%) 6 

(23.1%) 

 
 1 9 (33.3%) 9 (34.6%) 15 

(57.7%) 

 
 2 12 

(44.4%) 

8 (30.8%) 3 

(11.5%) 

 
 3 3 (11.1%) 1 (3.8%) 1 (3.8%) 
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Table 5.7: Characteristics of Individually Tailored Habit Goals within the IG 

Characteristic 
  

Observed Values 
 
 
 
 
(* = prejudged to be 
suboptimal) 

Verbatim Examples 
  

Observed Frequency 

FV 
Goals 

WG 
Goals 

PR 
Goals 

(n = 27) (n = 26) (n = 26) 

Characteristics 
of target 
behaviours 

`To have...’ n (%) n (%) n (%) 

 
 4 0 (0.0%) 0 (0.0%) 1 (3.8%) 

 
 5  0 (0.0%) 0 (0.0%) 0 (0.0%) 

 
 6 (Most suboptimal) 0 (0.0%) 0 (0.0%) 0 (0.0%) 

*Value deemed suboptimal for habit formation 
 
 **`Suboptimality’ scores indicate the number of the six characteristics which the goal was deemed to be suboptimal 
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5.4.3.1.4 Tracking Sheets 

 

By collecting tracking sheets after each intervention session, adherence to participant 

use of tracking sheets was measured. It revealed that 63.6% of participants engaged 

with the tracking process for their fruit and vegetable habit, 72.7% for their wholegrain 

habit and 59.1% for their healthy protein habit. The pattern of less frequent tracking 

at subsequent visits is outlined in Table 5.8 which displays mean days (SD) and 

median days of tracking habits out of a maximum of 14 days. Both mean and median 

days was used to demonstrate that tracking appeared to be strongly adhered to after 

each first habit visit but fell dramatically following subsequent habit sessions. 

Moderate correlations were detected between tracking habits and days of adhering 

to habits at the four month primary time point.  

Table 5.8: Adherence of Tracking Habits  

 Fruit and Veg 

Habit 

Mean (SD) 

Median 

(n=22) 

Wholegrain 

Habit 

Mean (SD) 

Median 

(n=22) 

Healthy 

Protein 

Habit 

Mean (SD) 

Median 

(n=22) 

Days of Tracking Habit 

Following First Habit Session 

(out of 14 days) 

9.5 (7.0) 

14 

  

Days of Tracking Habit 

Following Second Habit 

Session (out of 14 days) 

5.4 (6.8) 

0 

9.8 (7.4) 

14 

 

Days of Tracking Habit 

Following Third Habit Session 

(out of 14 days) 

4.5 (6.7) 

0 

6.2 (8.2) 

0 

9.6 (8.6) 

13 

 

5.4.3.1.5 Intervention Evaluation 

 

An evaluation questionnaire revealed that all participants (n=22) either agreed or 

strongly agreed with the following statements with the exception of one participant 

who disagreed that the newly formed habits became easier over time:  
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    Main food groups targeted (in the intervention) were appropriate (n=22) 

      Sessions with the researcher were very useful (n=22) 

     Structure and timings of sessions were appropriate (n=22) 

      Newly formed habits became easier to adopt over time (n=21) 

All participants said they would recommend the intervention to others and they would 

continue with the dietary changes they had made. Eighteen participants rated the 

intervention overall as very good and four rated it as good. 

On a scale of 1 (not helpful) to 10 (very helpful), median scores ranged from 9 to 10 

for the following statements observed in Table 5.9 on helping to improve diet and 

overcome barriers to healthy eating: 

Table 5.9: Helpfulness of Dietary Intervention in Improving Diet and 

Overcoming Barriers to Healthy Eating 

Dietary Intervention Tips and Strategies Median Scores 

1 (not helpful) to 

10 (very helpful) 

How helpful did you find keeping a log of your new healthy 

eating habits for tracking your progress? 

9 

How helpful did you find setting goals and targets? 9 

How helpful did you find sticking to a routine (specific meal 

times)? 

9 

How helpful did you find the feedback on your progress at 

each of the sessions? 

10 

How helpful did you find the practical advice from the 

researcher on how to overcome barriers to eating a healthy 

diet? 

9.5 

 

5.4.3.2 Generic Automaticity for Both Groups 

SRBAIS for generic automaticity for both groups are presented in Table 5.10 

comparing baseline to follow-up time points and comparing four months to eight 

months using mean change scores. There were statistically significant increases in 

SRBAIS in both groups at all time points, apart from comparing four months to eight 

months (minus mean change scores is a positive change). A sensitivity analysis, that 

recoded SRBAI scores of zero to one showed little or no change to original SRBAI 
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scores of generic automaticity items. Intention and planning scores for generic 

automaticity items between time points for all three eating behaviours are displayed 

in Table 5.11 using medians and IQRs. No significant differences between groups at 

baseline were observed. There were significant differences at all other time points 

with the IG having consistently higher scores than CG apart from fruit and vegetables 

intentions at 6 weeks which was not significant (p=0.55).
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Table 5.10: SRBAI Results for Generic Automaticity Items Within Both Groups  

          Mean  (SD) Eating 3 or More Portions of 
Fruit or Vegetables Each Day 

Choosing Wholegrain Options 
Over White Alternatives 

Choosing Healthier 
Sources of Protein Instead 
of Red or Processed Meats 

IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

Baseline SRBAIS*  3.8 (3.0) 3.5 (3.2) 3.4 (2.3) 4.0 (2.3) 4.4 (1.5) 4.9 (1.5) 

Baseline SRBAIS with 
Sensitivity Analysis^ 

4.1 (2.7) 4.0 (2.7) 3.5 (2.0) 4.2 (2.0) 4.4 (1.5) 4.9 (1.4) 

6 Week SRBAIS*  6.4 (1.1) n=21 4.1 (3.0) n=26 6.3 (1.1) n=21 4.3 (2.3) n=26 6.1 (1.1) n=21 5.1 (1.2) 
n=26 

6 Week SRBAIS Mean 
Change Score from 
Baseline 

2.7 (2.6) n=21 0.7 (2.2) n=26 3.1 (2.0) n=21 0.3 (1.5) n=26 1.7 (1.4) n=21 0.3 (1.5) 
n=26 

P Value 6 Week SRBAIS 
Mean Change Score 
from Baseline 

0.007 <0.001 0.002 

6 Week SRBAIS with 
Sensitivity Analysis^ 

6.4 (1.1) n=21 4.4 (2.5) n=26 6.3 (1.1) n=21 4.4 (2.1) n=26 6.1 (1.1) n=21 5.1 (1.2) 
n=26 

6 Week SRBAIS with 
Sensitivity Analysis 
Mean Change Score 
from Baseline  

2.4 (2.2) n=21 0.6 (1.9) n=26 2.9 (1.8) n=21 0.3 (1.5) n=26 1.7 (1.4) n=21 0.3 (1.5) 
n=26 

P Value 6 Week SRBAIS 
with Sensitivity 
Analysis Mean Change 
Score from Baseline 

0.005 <0.001 0.002 

4 Month SRBAIS* 6.0 (2.0) 3.8 (2.9) 6.2 (1.3) 4.3 (2.3) 5.8 (1.5) 4.9 (1.4) 

4 Month SRBAIS Mean 
Change Score from 
Baseline 

2.2 (2.8) 0.3 (1.8) 2.8 (2.2) 0.2 (2.4) 1.4 (2.2) 0.1 (1.8) 
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Table 5.10: SRBAI Results for Generic Automaticity Items Within Both Groups  

          Mean  (SD) Eating 3 or More Portions of 
Fruit or Vegetables Each Day 

Choosing Wholegrain Options 
Over White Alternatives 

Choosing Healthier 
Sources of Protein Instead 
of Red or Processed Meats 

IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

P Value 4 Month 
SRBAIS Mean Change 
Score from Baseline 

0.008 <0.001 0.03 

4 Month SRBAIS with 
Sensitivity Analysis^ 

6.1 (1.8) 4.1 (2.5) 6.2 (1.3) 4.4 (2.1) 5.8 (1.5) 4.9 (1.4) 

4 Month SRBAIS with 
Sensitivity Analysis 
Mean Change Score 
from Baseline 

1.9 (2.4) 0.1 (1.6)  2.6 (2.0) 0.2 (2.1) 1.3 (2.2) 0.05 (1.8) 

P Value 4 Month 
SRBAIS with Sensitivity 
Analysis Mean Change 
Score from Baseline 

0.005 <0.001 0.002 

8 Month SRBAIS* 6.3 (1.1) 4.1 (3.0) 6.0 (1.9) 4.5 (2.1) 6.0 (1.5) 4.9 (1.4) 

8 Month SRBAIS Mean 
Change Score from 
Baseline 

2.5 (2.8) 0.5 (3.0) 2.6 (2.0) 0.4 (2.3) 1.6 (1.6) 0.1 (1.8) 

P Value 8 Month 
SRBAIS Mean Change 
Score from Baseline 

0.02 0.001 0.004 

8 Month SRBAIS with 
Sensitivity Analysis^ 

6.3 (1.1) 4.4 (2.6) 6.0 (1.8) 4.5 (2.0) 6.0 (1.4) 4.9 (1.4) 

8 Month SRBAIS with 
Sensitivity Analysis 
Mean Change Score 
from Baseline 

2.2 (2.4) 0.4 (2.5) 2.5 (1.7) 0.4 (2.0) 1.5 (1.6) 0.05 (1.8) 
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Table 5.10: SRBAI Results for Generic Automaticity Items Within Both Groups  

          Mean  (SD) Eating 3 or More Portions of 
Fruit or Vegetables Each Day 

Choosing Wholegrain Options 
Over White Alternatives 

Choosing Healthier 
Sources of Protein Instead 
of Red or Processed Meats 

IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

P Value 8 Month 
SRBAIS with Sensitivity 
Analysis Mean Change 
Score from Baseline 

0.02 <0.001 0.004 

8 Month SRBAIS Mean 
Change Score from 4 
Months 

0.3 (1.3) 0.3 (2.6) -0.2 (2.0) 0.2 (2.6) 0.2 (1.3) 0.0 (0.8) 

P Value 8 Month 
SRBAIS Mean Change 
Score from 4 Months 

0.97 0.56 0.50 

8 Month SRBAIS with 
Sensitivity Analysis 
Mean Change Score 
from 4 Months 

0.3 (1.1) 0.3 (2.2) -0.2 (1.8) 0.2 (2.3) 0.2 (1.3) 0.0 (0.8) 

P Value 8 Month 
SRBAIS with Sensitivity 
Analysis Mean Change 
Score from 4 Months 

0.97 0.60 0.47 

*SRBAIS on a scale of 0-7                          ^ SRBAIS on a scale of 1-7                           
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Table 5.11: Intention and Planning Scores for Generic Automaticity Items Within Both Groups  

           Median 
(IQRs) 

Eating 3 or More Portions of 
Fruit or Vegetables Each Day 

Choosing Wholegrain Options Over 
White Alternatives 

Choosing Healthier Sources of 
Protein Instead of Red or 

Processed Meats 

 IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

IG 
(n=22) 

CG 
(n=27) 

Baseline Habit 
Intention 
Score^ 

6.0 (5.0, 7.0) 
 

6.0 (2.0, 7.0)  
 

4.5 (3.0, 6.0) 
 

5.0 (4.0, 7.0) 
 

5.0 (4.0, 6.0) 
 

5.0 (4.0, 7.0) 
 

6 Week Habit 
Intention 
Score^  

7.0 (6.0, 7.0) 
n=21 

7.0 (5.0, 7.0) 
n=26 

7.0 (6.5, 7.0) 
n=21 

5.0 (3.75, 7.0) 
n=26 

7.0 (6.0, 7.0) 
n=21 

5.0 (4.0, 6.25) 
n=26 

4 Month Habit 
Intention 
Score^ 

7.0 (6.0, 7.0) 
 

6.0 (4.0, 7.0) 
 

7.0 (5.75, 7.0) 
 

5.0 (3.0, 7.0) 
 

7.0 (5.0, 7.0) 
 

5.0 (4.0, 6.0) 
 

8 Month Habit 
Intention 
Score^ 

7.0 (6.75, 7.0) 
 

6.0 (3.0, 7.0) 
 

7.0 (5.75, 7.0) 
 

5.0 (3.0, 7.0) 
 

6.5 (5.0,7.0)n=22 5.0 (4.0, 6.0) 
 

Baseline Habit 
Planning 
Score^ 

6.0 (4.75, 7.0) 
 

7.0 (2.0, 7.0) 
 

5.0 (3.0, 6.0) 
 

5.0 (4.0, 7.0) 
 

5.0 (4.0, 6.0) 
 

5.0 (4.0, 7.0) 
 

6 Week Habit 
Planning 
Score^ 

7.0 (6.5, 7.0) 
n=21 

7.0 (5.0, 7.0) 
n=26 

7.0 (6.5, 7.0) 
n=21 

5.5 (3.75, 7.0) 
n=26 
 

7.0 (6.0, 7.0) 
n=21 

5.0 (4.0, 6.25) 
n=26 
 

4 Month Habit 
Planning 
Score^ 

7.0 (6.0, 7.0) 
 

6.0 (4.0, 7.0) 
 

7.0 (5.75, 7.0) 
 

5.0 (3.0, 7.0) 
 

7.0 (5.0, 7.0) 
 

5.0 (4.0, 6.0) 
 

8 Month Habit 
Planning 
Score^ 

7.0 (6.75, 7.0) 
 

6.5 (3.0, 7.0) 
 

7.0 (5.75, 7.0) 
 

5.0 (3.0, 7.0) 
 

7.0 (5.0, 7.0) 
 

5.0 (4.0, 6.0) 
 
 

^Intention and Planning Scores on a scale of 1-7                        
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5.4.4 Anthropometry and Other Health Outcome Measures 

 

Anthropometry and other health outcome measures are presented as mean change 

scores at follow up visits compared to baseline in Table 5.12. For weight, BMI and 

waist and hip circumference measurements improvements appear to be greater at 

each subsequent time point. Although these trends appear to be more improved 

within the IG, no significant differences were observed. A mixed set of findings were 

observed for body composition with no particular pattern of direction. However, it is 

important to highlight the amount of missing data with regards to body composition 

data collection which limits reliability as the measure was brought in after the study 

commenced. A similar ordering was also observed for grip strength. Benefits were 

observed amongst both groups for blood pressure but results were not statistically 

significant between groups. 
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Table 5.12: Mean Change Scores for Anthropometry and Other Health Outcome Measures 

 Baseline Change From Baseline 
To 6 Weeks 

Change From Baseline 
To 4 Months 

Change From Baseline 
To 8 Months 

IG 
(n=22) 

CG 
(n=26) 

P 
Value 

IG 
(n=22) 

CG 
(n=26) 

P 
Value 

IG 
(n=21) 

 

CG 
(n=26) 

 

P 
Value 

IG 
(n=22) 

 

CG 
(n=26) 

 

P 
Value 

Weight (kg) Mean 
(SD)  

83.5 
(14.2) 

79.6 
(17.1) 

0.40 -0.47 
(1.9) 

-0.49 
(1.5) 

0.96 -0.95 
(1.9) 

-0.42 
(2.0) 

0.35 -1.99 
(3.4) 

-1.61 
(2.6) 

0.67 

BMI (kg/m2) Mean 
(SD)  

29.7 
(4.7) 

28.6 
(5.8) 

0.47 -0.16 
(0.7) 

-0.19 
(0.8) 
n=25 

0.90 -0.38 
(0.9) 

-0.13 
(0.8) 
n=24 

0.34 -0.78 
(1.4) 

-0.68 
(1.0) 
n=24 

0.78 

Waist 
Circumference (cm) 
Mean (SD)  

103.6 
(10.3) 

99.6 
(14.1) 

0.28 -0.88 
(2.7) 
n=21 

-0.60 
(3.9) 

0.78 -1.70 
(4.0) 

-0.27 
(3.5) 
n=23 

0.21 -3.7 
(8.3) 

-0.78 
(4.2) 

0.12 

Hip Circumference 
(cm) Mean (SD)  

108.0 
(8.7) 

106.2 
(9.7) 

0.51 -0.52 
(1.8) 
n=21 

0.15 
(2.4) 

0.29 0.41 
(2.8) 

0.41 
(2.7) 
n=24 

0.33 -0.65 
(2.6) 
n=21 

0.29 
(3.9) 

0.34 

Waist hip ratio  
Mean (SD)  

0.96 
(0.05) 

0.94 
(0.08) 

0.24 -0.004 
(0.02) 
n=21 

-0.008 
(0.04) 

0.66 -0.012 
(0.03) 

-0.006 
(0.04) 
n=23 

0.62 -0.030 
(0.08) 
n=21 

-0.011 
(0.05) 

0.33 

Mid Upper Arm 
Circumference (cm) 
Mean (SD)  

33.0 
(4.1) 

31.4 
(3.8) 

0.18 -0.17 
(0.8) 
n=19 

-0.33 
(1.4) 

0.65 0.16 
(1.5) 
n=20 

-0.50 
(1.3) 
n=24 

0.13 -0.01 
(2.8) 

-0.30 
(1.8) 
n=25 

0.67 

Calf Circumference 
(cm) Mean (SD)  

38.9 
(3.0) 

38.4 
(4.0) 

0.62 -0.38 
(0.8) 
n=20 

-0.15 
(0.8) 

0.34 -0.01 
(1.1) 
n=20 

-0.09 
(0.6) 
n=24 

0.74 -0.60 
(2.6) 

-0.10 
(1.1) 
n=25 

0.38 

Body Composition: 
Body Fat 
Percentage~ Mean 
(SD)  
Muscle Mass 
Percentage$ Mean 
(SD)  

n=10 
32.7 
(8.3) 
 
 
28.2 
(3.3) 
 

n=10 
33.5 
(8.3) 
 
 
27.8 
(3.4) 
 

 
0.83 
0.79 
 
 
 
0.41 

n=9 
0.22 
(2.6) 
 
 
0.80 
(1.7) 
 

n=10 
0.76 
(3.6) 
 
 
-0.18 
(1.6) 
 

 
0.72 
0.20 
 
 
 
0.91 

n=8 
0.66 
(1.7) 
 
 
0.19 
(1.3) 
 

n=10 
-1.19 
(3.4) 
 
 
0.25 
(1.5) 
 

 
0.18 
0.93 
 
 
 
0.58 

n=9 
1.01 
(4.1) 
 
 
-0.54 
(1.7) 
 

n=10 
-0.04 
(1.4) 
 
 
0.21 
(1.3) 
 

 
0.45 
0.29 
 
 
 
0.35 
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Table 5.12: Mean Change Scores for Anthropometry and Other Health Outcome Measures 

 Baseline Change From Baseline 
To 6 Weeks 

Change From Baseline 
To 4 Months 

Change From Baseline 
To 8 Months 

IG 
(n=22) 

CG 
(n=26) 

P 
Value 

IG 
(n=22) 

CG 
(n=26) 

P 
Value 

IG 
(n=21) 

 

CG 
(n=26) 

 

P 
Value 

IG 
(n=22) 

 

CG 
(n=26) 

 

P 
Value 

Visceral Fat* Mean 
(SD)  

15.8 
(6.0) 

13.5 
(6.2) 

-1.11 
(2.4) 

-1.00 
(1.6) 

-0.38 
(1.1) 

-0.10 
(1.0) 

-0.56 
(1.2) 

0.80 
(4.1) 

Systolic Blood 
Pressure (mmHg) 
Mean (SD)  

n=22 
148.7 
(17.4) 

n=24 
145.0 
(20.9) 

0.52 -6.9 
(13.6) 
n=21 

-9.3 
(18.0) 
n=24 

0.63 -7.0 
(13.8) 
n=21 

-11.9 
(18.1) 
n=23 

0.32 -8.5 
(13.3) 

-16.5 
(22.0) 
n=24 

0.15 

Diastolic Blood 
Pressure (mmHg) 
Mean (SD)  

n=22 
83.3 
(11.0) 

n=24 
80.4 
(12.9) 

0.42 -4.8 
(9.0) 
n=21 

-3.3 
(9.9) 
n=24 

0.60 -4.4 
(9.4) 
n=21 

-6.0 
(10.5) 
n=23 

0.59 -1.8 
(9.7) 

-7.9 
(12.6) 
n=24 

0.08 

Grip Strength (mm)  
Left arm Mean (SD)  
 
 
 
Right arm Mean (SD) 
 

 
27.6 
(13.3) 
n=20 
 
30.0 
(12.5) 

 
26.4 
(9.4) 
 
 
27.5 
(9.1) 

 
0.73 
 
 
 
0.44 

 
0.72 
(3.5) 
n=18 
 
1.35 
(5.0) 
n=20 

 
1.13 
(4.8) 
 
 
-0.04 
(2.8) 

 
0.76 
 
 
 
0.28 

 
0.76 
(3.9) 
n=19 
 
1.33 
(5.2) 
 

 
-0.20 
(3.1) 
n=25 
 
0.76 
(3.7) 
n=25 

 
0.37 
 
 
 
0.67 

 
-0.13 
(5.1) 
n=20 
 
-0.11 
(5.6) 
 

 
-0.94 
(4.4) 
n=25 
 
-0.28 
(4.5) 
n=25 

 
0.57 
 
 
 
0.91 

~Body fat: Aged 60-80 Male <13.0% Low, 13.0% - 24.9% Normal, 25.0% - 29.9% High, >30.0%     Aged 60-80 Female <24.0% Low, 
24.0% - 35.9% Normal, 36.0% - 41.9% High, >42% Very High 
$Muscle Mass: Aged 60-80 Male <32.9% Low, <32.9% - 38.9% Normal, 39.0% - 43.6% High    Aged 60-80 Female <23.9%, <23.9%-
29.0% Normal, 30.0% - 34.9% High 
*Visceral fat: 1-9 Normal, 10-14 High, 15-30 Very High  
^ MDS ranges from a ranking of 1 (most deprived area) to 5 (least deprived area)(NISRA, 2018) 
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5.4.5 Diet-related Questionnaires 

5.4.5.1 Mini Nutritional Assessment  

MNA mean change scores at follow-up visits from baseline are presented in Table 

5.13. Scores indicate that participants had a normal nutritional status at baseline apart 

from 3 participants in the IG and 4 in the CG who were at risk of malnutrition. At 6 

weeks nutritional improvements were observed as none in the IG and only 2 in the 

CG were at risk.  At 4 months there was 1 at risk in the CG and 1 malnourished in the 

IG. At 8 months there were 2 at risk in the CG, in at risk in the IG and 1 malnourished 

in the IG. 

 

The change from baseline in total score was greater in the IG at all time points, 

although only 6 weeks showed a significant difference between groups (negative 

change score is bad, positive change score is good). It is however important to bring 

to attention one participant who was severely affected by bereavement within the IG 

who wished to remain in the study, yet struggled with tasks of daily living and as a 

result became malnourished during the course of the study. Consequently, a 

sensitivity analysis was conducted with this participant removed which demonstrated 

a significant difference at both 6 weeks and 4 months and borderline non-significant 

at 8 months in favour of the IG.  

 

Table 5.13a: Mean Change Scores for MNA  

 

 

Baseline 

Mean (SD) 

Change from 

baseline to 6 

weeks 

Mean (SD) 

Change from 

baseline to 4 

months 

Mean (SD) 

Change from 

baseline to 8 

months 

Mean (SD) 

IG 

(n=22) 

CG 

(n=27) 

IG 

(n=22) 

CG 

(n=26) 

IG 

(n=22) 

CG 

(n=27) 

IG 

(n=21) 

CG 

(n=27) 

MNA 

Total 

Score  

27.1 

(2.4) 

27.1 

(2.3) 

0.89 

(1.88) 

-0.27 

(1.69) 

0.59 

(2.50) 

0.00 

(1.39) 

0.40 

(2.91) 

0.02 

(1.60) 

P Value 

Between 

Groups  

0.98 0.03 0.30 0.56 
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Table 5.13b: Mean Change Scores for MNA – Sensitivity Analysis 

 

 

Baseline 

Mean (SD) 

Change from 

baseline to 6 

weeks 

Mean (SD) 

Change from 

baseline to 4 

months 

Mean (SD) 

Change from 

baseline to 8 

months 

Mean (SD) 

IG 

(n=21) 

CG 

(n=27) 

IG 

(n=21) 

CG 

(n=26) 

IG 

(n=21) 

CG 

(n=27) 

IG 

(n=20) 

CG 

(n=27) 

MNA Total 

Score  

27.3 

(2.2) 

27.1 

(2.3) 

0.83 

(1.91) 

-0.27 

(1.69) 

0.95 

(1.88) 

0.00 

(1.39) 

0.93 

(1.71) 

0.02 

(1.60) 

P Value 

Between 

Groups   

0.76 0.04 0.049 0.07 

 

5.4.5.2 Measure of Satisfaction With Food-related Life 

The Measure of Satisfaction With Food-related Life Questionnaire is demonstrated in 

Table 5.14 for each item of the 5-item questionnaire (1 strong disagree -7 strong 

agree Likert scale) and a total score for comparability. These are presented as 

medians and IQRs. Higher total satisfaction scores in the IG were observed across 

all time points but were not statistically significant, although the 6-week time point was 

borderline.  

 

5.4.5.3 Self-Regulation of Eating Behaviour Questionnaire 

The SREBQ is demonstrated in Table 5.15 for each item of the 5-items of the 

questionnaire (1 Never, 5 Always Likert scale) and a total score for comparability. 

Some scores were reversed to be able to generate the total score. Significant 

improvements amongst the IG compared to the CG were found at six week and eight 

month follow-up visits. Although no significance was observed at the four month time 

point, scores were still observed in favour of the IG.  



 

249 
 

Table 5.14: Measure of Satisfaction With Food-related Life Questionnaire for Each Item 

 

 

 

Baseline 

Median (IQR) 

6 Weeks 

Median (IQR) 

4 Months 

Median (IQR) 

8 months 

Median (IQR) 

IG 

(n=22) 

CG 

(n=27) 

IG 

(n=22) 

CG 

(n=26) 

IG 

(n=22) 

CG 

(n=27) 

IG 

(n=21) 

CG 

(n=26) 

Food and Meals are 

Positive Elements in my 

Life 

6 (5,6) 6 (4,7) 6 (4,7) 6 (5,7) 6 (5.75,7) 6 (5,7) 6 (5.5,7) 5 (4,7) 

I am Generally Pleased 

With my Food 

6 (5,6.25) 6 (6,7) 6 (6,7) 6 (5.75,7) 6 (6,7) 6 (5,7) 6 (5,7) 5 (5,7) 

Food and Meals Give me 

Satisfaction in Daily Life 

6 (5,6) 6 (4,7) 6 (5,7) 6 (4.75,7) 6 (5.75,7) 6 (5,7) 6 (5,7) 6 (5,7) 

My Life in Relation to 

Food and Meals is Close 

to my Ideal 

5 (4,6.25) 5 (4,6) 5 (4,6.25) 6 (4,6) 5.5 (4.75,6.25) 6 (4,7) 5 (4.5,6.5) 5 (4,6) 

With Regard to Food, The 

Conditions of my Life are 

Excellent 

5 (4,7) 6 (4,7) 6 (5,7) 6 (4,6) 6 (4.75,7) 6 (5,6) 6 (4.5,7) 6 (5,7) 
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Table 5.14: Measure of Satisfaction With Food-related Life Questionnaire for Each Item 

 

 Baseline Change from Baseline 

at 6 Weeks 

Change from Baseline at 

4 Months 

Change from Baseline 

at 8 Months 

IG 

(n=22) 

CG 

(n=27) 

IG 

(n=22) 

CG 

(n=26) 

IG 

(n=22) 

CG 

(n=27) 

IG 

(n=21) 

CG 

(n=26) 

Total Score out of 35 – 

Mean (SD) 

26.4 (6.2) 26.9 (7.7) 2.8 (5.8) 0.2 (4.1) 2.4 (5.1) 0.6 (5.0) 2.0 (4.5) -0.5 (6.1) 

P Value For Difference 

Between Groups, Total 

Score  

0.83 0.07 0.23 0.13 
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Table 5.15: SREBQ Scores for Each Item 

 

 

 

Baseline 

Median (IQR) 

 

6 Weeks 

Median (IQR) 

 

4 Months 

Median (IQR) 

8 months 

Median (IQR) 

IG 

 

n=22 

 

CG 

 

n=26 

IG 

 

n=21 

CG 

 

n=26 

IG 

 

n=20 

CG 

 

n=27 

IG 

 

n=16 

CG 

 

n=27 

I’m good at resisting tempting food 3 (3,3.25) 3 (2.75,4) 4 (3,4) 3 (2.75,4) 3.5 (3,4) 3 (3,4) 3 (3,4) 

n=15 

3 (3,4) 

I give up too easily on my eating 

intentions* 

3 (2,4) 3 (2,4) 4 (3,4) 3 (2,4) 3 (3,4) 4 (3,4) 3 (3,4) 4 (3,4) 

I easily get distracted from my 

eating intentions* 

3.5 (3,4) 4 (2.75,4) 4 (3,4) 3.5 (3,4) 3 (3,4.75) 4 (3,5) 4 (3,4) 4 (3,4) 

I find it hard to remember what I 

have eaten throughout the day* 

4 (3,5) 5 (3.75,5) 5 (3,5) 5 (4,5) 4.5 (3,5) 5 (4,5) 5 (4,5) 5 (3,5) 

If I am not eating in the way I intend 

to I make changes 

3 (3,4) 3 (1.75,4) 4 (3.5,5) 4 (3,4) 4 (3.25,5) 3 (2,4) 3.5 (3,4.75) 3 (3,4) 
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Table 5.15: SREBQ Scores for Each Item 

 

 Baseline Change from 

Baseline at 6 Weeks 

Change from 

Baseline at 4 

Months 

Change from Baseline 

at 8 Months 

IG 

 

n=22 

CG 

 

n=26 

IG 

 

n=21 

CG 

 

n=26 

IG 

 

n=20 

CG 

 

n=27 

IG 

 

n=16 

CG 

 

n=27 

Total Score out of 25 – Mean (SD) 16.5 (3.4) 17.2 (3.9) 3.0 (3.9) 0.5 (3.6) 2.1 (3.5) 1.7 

(3.8) 

2.8 (4.0) 0.2 (3.8) 

 

P Value For Difference between 

Groups, Total Score  

0.52 0.03 0.72 0.047 

* Scores reversed 
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5.4.5.4 General Nutrition Knowledge 

In order to explore differences in nutrition knowledge Table 5.16 outlines GNK scores 

(number of correct answers) between groups at each time point. There were no 

significant differences between groups for the four subsections and total score at any 

time point. The sensitivity analysis treating missing data as incorrect (outlined in 

Section 5.3.9.1) did not result in any significant group-comparisons. For example at 

baseline, the IG had an average of 67% correct answers compared to 69.5% in the 

CG but once missing data was treated as incorrect it gave similar proportions (66.5% 

IG and 63.5% CG). 

 
There were a mixture of responses with regards to familiarity with the EatWell Guide, 

with 58.3% of the CG and 57.1% of the IG stating that they had never seen it before 

at baseline. At their 6-week follow up visit, participants were asked if they had read 

the EatWell Guide that they were given to take home where 82.6% of the CG and 

95.0% of the IG stated that they had read it. As only certain topics within the GNK 

questionnaire were covered within the intervention booklet and the EatWell Guide, 

Tables 5.17 and 5.18 display GNK score differences using a colour coding scheme 

as to whether they featured in the material (green = definitely, amber = maybe, red = 

no). There were no significant differences between groups for the four subsections 

and three colour codes at any time point.  
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Table 5.16: GNK Score – Number of Correct Answers 

 

Subsection 

 

Baseline 

Mean (SD) 

6 Weeks 

Mean (SD) 

4 Months 

Mean (SD) 

8 Months 

Mean (SD) 

IG 

n=22 

CG 

n=27 

IG 

n=20 

CG 

n=24 

IG 

n=20 

CG 

n=26 

IG 

n=20 

CG 

n=27 

Dietary Recommendations Section (out of 18) 12.9 

(1.7) 

n=15 

11.9 

(2.0) 

n=17 

13.5 

(1.6) 

n=10 

12.9 

(2.3) 

n=16 

13.5 

(3.7) 

n=14 

13.4 

(2.3) 

n=16 

14.1 

(2.5) 

n=15 

13.1 

(2.6) 

n=22 

Sources of Nutrients Section (out of 36) 22.8 

(5.9) 

n=16 

22.6 

(7.1) 

n=21 

23.3 

(5.7) 

n=14 

23.2 

(4.9) 

n=18 

23.3 

(6.3) 

n=15 

24.1 

(4.5) 

n=19 

23.2 

(4.6) 

n=14 

24.9 

(4.2) 

n=21 

Choosing Every Day Foods Section (out of 13) 9.7 (2.2) 

n=21 

9.4 

(2.6) 

n=25 

9.6 

(2.5) 

n=18 

9.2 

(1.8) 

n=21 

9.6 

(2.1) 

n=18 

9.6 

(2.1) 

n=23 

9.8 

(1.7) 

n=17 

10.0 

(1.9) 

n=27 

Diet-Disease Relationship Section (out of 21) 14.7 

(2.8) 

n=17 

14.8 

(3.6) 

n=19 

14.4 

(3.1) 

n=17 

14.8 

(3.2) 

n=19 

14.8 

(2.2) 

n=17 

15.2 

(3.1) 

n=18 

15.6 

(2.2) 

n=16 

15.9 

(3.3) 

n=20 

GNK Total Score  (out of 88) 58.9 

(13.0) 

n=9 

61.2 

(12.7) 

n=13 

59.3 

(13.5) 

n=9 

57.8 

(9.5) 

n=11 

58.9 

(13.2) 

n=10 

63.1 

(9.9) 

n=10 

61.0 

(8.7) 

n=10 

66.1 

(10.1) 

n=14 

P Value  Between Groups at Each Time point for GNK Total Score 0.68 0.77 0.43 0.21 



 

255 
 

Table 5.17: GNK Scores by Colour Coding Scheme for Intervention Booklet - Number of Correct Answers 

 

 

Subsection 

 

Baseline 

Mean (SD) 

6 Weeks 

Mean (SD) 

4 Months 

Mean (SD) 

8 Months 

Mean (SD) 

IG 

n=22 

CG 

n=27 

P 

value 

IG 

n=20 

CG 

n=24 

P 

value 

IG 

n=20 

CG 

n=26 

P 

value 

IG 

n=20 

CG 

n=27 

P 

value 

Dietary Recommendations Section 

(out of 12) 

9.4 

(1.6) 

n=16 

8.6 

(1.5) 

n=17 

0.19 10.2 

(1.3) 

n=11 

9.3 

(1.7) 

n=16 

0.14 9.4 

(2.9) 

n=14 

9.4 

(1.9) 

n=16 

0.99 9.9 

(2.0) 

n=15 

9.1 

(1.8) 

n=22 

0.18 

Dietary Recommendations Section 

(none) 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Dietary Recommendations Section 

(out of 6) 

3.5 

(0.6) 

n=17 

3.4 

(0.9) 

n=22 

0.68 3.5 

(0.7) 

n=12 

3.8 

(0.9) 

n=18 

0.36 4.1 

(1.2) 

n=16 

4.0 

(0.9) 

n=19 

0.73 4.0 

(1.0) 

n=16 

4.0 

(1.1) 

n=22 

0.90 

Sources of Nutrients Section (out of 

18)   

16.7 

(4.0) 

n=19 

15.7 

(4.7) 

n=22 

0.52 17.7 

(3.6) 

n=16 

17.2 

(3.2) 

n=19 

0.68 17.2 

(4.0) 

n=17 

17.8 

(2.2) 

n=21 

0.54 17.8 

(2.9) 

n=16 

17.5 

(2.7) 

n=22 

0.77 

Sources of Nutrients Section (none) N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Sources of Nutrients Section (out of 

18) 

10.3 

(3.4) 

n=18 

10.4 

(3.7) 

n=23 

0.92 9.2 

(3.2) 

n=17 

10.4 

(3.0) 

n=20 

0.26 10.6 

(3.1) 

n=16 

10.3 

(2.8) 

n=20 

0.70 9.7 

(2.5) 

n=15 

10.9 

(2.5) 

n=23 

0.18 
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Choosing Every Day Foods Section 

(none) 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Choosing Every Day Foods Section 

(out of 8) 

6.3 

(1.3) 

n=22 

6.1 

(1.7) 

n=26 

0.60 6.1 

(1.8) 

n=18 

6.3 

(1.1) 

n=22 

0.66 5.8 

(1.5) 

n=19 

6.2 

(1.1) 

n=24 

0.36 6.3 

(1.0) 

n=19 

6.6 

(1.2) 

n=27 

0.39 

Choosing Every Day Foods Section 

(out of 5) 

3.4 

(1.2) 

n=21 

3.3 

(1.2) 

n=26 

0.76 3.5 

(1.1) 

n=19 

3.0 

(1.3) 

n=21 

0.22 3.7 

(1.1) 

n=18 

3.4 

(1.5) 

n=23 

0.48 3.6 

(1.1) 

n=17 

3.5 

(1.1) 

n=27 

0.76 

Diet-Disease Relationship Section 

(out of 4) 

3.0 

(0.8) 

n=22 

2.9 

(1.1) 

n=25 

0.78 2.6 

(0.9) 

n=19 

2.8 

(1.2) 

n=22 

0.49 2.9 

(0.8) 

n=19 

3.0 

(1.1) 

n=22 

0.85 3.1 

(0.8) 

n=20 

2.9 

(1.0) 

n=25 

0.65 

Diet-Disease Relationship Section 

(out of 9)  

6.7 

(1.5) 

n=18 

6.9 

(1.9) 

n=20 

0.75 6.3 

(1.8) 

n=18 

6.7 

(1.7) 

n=20 

0.52 6.6 

(1.4) 

n=17 

7.1 

(1.5) 

n=18 

0.29 6.9 

(1.4) 

n=17 

7.6 

(1.5) 

n=20 

0.17 

Diet-Disease Relationship Section 

(out of 8) 

5.2 

(1.7) 

n=21 

5.0 

(1.7) 

n=25 

0.71 5.4 

(1.5) 

n=18 

5.5 

(1.3) 

n=21 

0.86 5.5 

(1.2) 

n=18 

5.3 

(1.6) 

n=23 

0.60 5.7 

(1.4) 

n=17 

5.5 

(1.4) 

n=26 

0.71 

 



 

257 
 

Table 5.18: GNK Scores by Colour Coding Scheme for EatWell Guide - Number of Correct Answers 

Subsection 

 

Baseline 

Mean (SD) 

6 Weeks 

Mean (SD) 

4 Months 

Mean (SD) 

8 Months 

Mean (SD) 

IG 

n=22 

CG 

n=27 

P 

value 

IG 

n=20 

CG 

n=24 

P 

value 

IG 

n=20 

CG 

n=26 

P 

value 

IG 

n=20 

CG 

n=27 

P 

value 

Dietary Recommendations Section 

(out of 16) 

12.4 

(1.4) 

n=15 

11.4 

(1.7) 

n=17 

0.09 13.1 

(1.2) 

n=11 

12.4 

(2.2) 

n=16 

0.34 12.5 

(3.4) 

n=14 

12.6 

(2.2) 

n=16 

0.90 13.2 

(3.2) 

n=15 

12.3 

(2.3) 

n=22 

0.24 

Dietary Recommendations Section 

(none) 

N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 

Dietary Recommendations Section 

(out of 2) 

0.5 

(0.5) 

n=18 

0.6  

(0.8) 

n=23 

0.75 0.5 

(0.5) 

n=12 

0.6 

(0.5) 

n=20 

0.79 1.0 

(0.8) 

n=16 

0.9 

(0.7) 

n=20 

0.57 0.8 

(0.7) 

n=17 

0.8 

(0.8) 

n=24 

0.97 

Sources of Nutrients Section (out of 

23)  

20.1 

(4.7) 

n=19 

18.6 

(5.6) 

n=22 

0.36 20.2 

(4.7) 

n=14 

20.0 

(4.0) 

n=18 

0.89 19.7 

(4.9) 

n=16 

20.9 

(3.0) 

n=20 

0.36 20.5 

(3.8) 

n=15 

20.2 

(3.4) 

n=22 

0.84 

Sources of Nutrients Section (out of 

6) 

3.9 

(1.4) 

n=22 

3.6 

(1.5) 

n=25 

0.42 3.9 

(1.3) 

n=19 

4.2 

(0.9) 

n=23 

0.43 4.4 

(0.9) 

n=18 

4.3 

(0.8) 

n=23 

0.64 4.3 

(0.7) 

n=19 

4.1 

(0.6) 

n=25 

0.27 

Sources of Nutrients Section (out of 

7) 

3.0 

(1.4) 

3.8 

(1.9) 

0.13 2.9 

(1.5) 

3.2 

(2.1) 

0.56 3.6 

(1.7) 

3.2 

(2.3) 

0.57 3.0 

(1.5) 

3.8 

(1.9) 

0.13 
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Table 5.18: GNK Scores by Colour Coding Scheme for EatWell Guide - Number of Correct Answers 

Subsection 

 

Baseline 

Mean (SD) 

6 Weeks 

Mean (SD) 

4 Months 

Mean (SD) 

8 Months 

Mean (SD) 

IG 

n=22 

CG 

n=27 

P 

value 

IG 

n=20 

CG 

n=24 

P 

value 

IG 

n=20 

CG 

n=26 

P 

value 

IG 

n=20 

CG 

n=27 

P 

value 

n=18 n=24 n=19 n=21 n=18 n=22 n=17 n=25 

Choosing Every Day Foods Section 

(out of 4) 

2.6 

(1.1) 

n=21 

2.6 

(1.0) 

n=26 

0.99 2.6 

(1.0) 

n=19 

2.3 

(1.2) 

n=21 

0.40 2.9 

(0.8) 

n=18 

2.7 

(1.3) 

n=23 

0.65 2.7 

(0.9) 

n=17 

2.7 

(0.9) 

n=27 

0.89 

Choosing Every Day Foods Section 

(out of 5) 

4.3 

(1.0) 

n=22 

4.4 

(0.9) 

n=27 

0.72 4.2 

(1.2) 

n=19 

4.4 

(0.7) 

n=23 

0.34 4.1 

(1.1) 

n=19 

4.3 

(0.7) 

n=24 

0.60 4.4 

(0.8) 

n=20 

4.6 

(0.7) 

n=27 

0.49 

Choosing Every Day Foods Section 

(out of 4) 

2.9 

(0.9) 

n=22 

2.4 

(1.2) 

n=26 

0.17 2.8 

(1.0) 

n=18 

2.5 

(1.1) 

n=22 

0.43 2.6 

(0.9) 

n=19 

2.7 

(1.0) 

n=24 

0.76 2.7 

(0.8) 

n=19 

2.8 

(1.0) 

n=27 

0.77 

Diet-Disease Relationship Section 

(out of 9) 

7.4 

(1.0) 

n=18 

7.0 

(1.7) 

n=20 

0.34 6.6 

(1.3) 

n=19 

6.9 

(1.6) 

n=20 

0.57 6.9 

(1.3) 

n=18 

7.2 

(1.1) 

n=20 

0.51 6.9 

(0.9) 

n=17 

7.1 

(1.0) 

n=21 

0.53 

Diet-Disease Relationship Section 

(out of 3)  

2.1 

(0.8) 

n=19 

2.2 

(0.5) 

n=21 

0.38 2.2 

(0.9) 

n=18 

2.3 

(0.7) 

n=20 

0.92 2.3 

(0.6) 

n=17 

2.3 

(0.9) 

n=18 

0.95 2.4 

(0.7) 

n=18 

2.5 

(0.7) 

n=20 

0.63 
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Table 5.18: GNK Scores by Colour Coding Scheme for EatWell Guide - Number of Correct Answers 

Subsection 

 

Baseline 

Mean (SD) 

6 Weeks 

Mean (SD) 

4 Months 

Mean (SD) 

8 Months 

Mean (SD) 

IG 

n=22 

CG 

n=27 

P 

value 

IG 

n=20 

CG 

n=24 

P 

value 

IG 

n=20 

CG 

n=26 

P 

value 

IG 

n=20 

CG 

n=27 

P 

value 

Diet-Disease Relationship Section 

(out of 9) 

5.4 

(1.8) 

n=18 

5.8 

(2.0) 

n=21 

0.55 5.5 

(1.8) 

n=17 

5.8 

(1.7) 

n=19 

0.66 5.7 

(1.4) 

n=17 

5.8 

(1.6) 

n=19 

0.87 6.2 

(1.7) 

n=16 

6.3 

(2.1) 

n=21 

0.88 
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5.4.6 Other Questionnaires 

5.4.6.1 Oral Health-Related Quality Of Life 

 
For OHIP, results are presented as mean change scores from baseline for each 

group. Total scores range from 0 to 56, with a low score being good and therefore a 

negative change score was an improvement and a positive score was a deterioration. 

Each of the domains range from 0 to 8.There was no significant difference between 

groups for change scores in overall total scores and for RPD/FD analysed separately. 

There were also no significant between groups differences for change scores across 

domains, with the exception of the RPD group for change in psychological disability 

at 4 months (p=0.02) which demonstrated a slight improvement in CG (n=19) and 

slight deterioration in IG (n=12).
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Table 5.19: Mean Change Scores for OHRQol Using the OHIP-14 

 

Domain 

  

Baseline 

Mean (SD) 

Change From 

Baseline to 6 Weeks 

Mean (SD) 

Change From 

Baseline to 4 

Months 

Mean (SD) 

Change From 

Baseline to 8 

Months 

Mean (SD) 

IG 

n=21 

CG 

n=27 

IG 

n=17 

CG 

n=25 

IG 

n=21 

CG 

n=26 

IG 

n=18 

CG 

n=25 

Summary OHIP-14 Score 

RPD  

 

 

 

Functional Dentition  

 

 

 

Total 

 

13.3 (10.0) 

n=12 

 

 

16.6 (12.9) 

n=9 

 

 

14.7 (11.1) 

 

12.7 

(13.0) 

n=19 

 

9.0 

(13.9) 

n=8 

 

11.6 

(13.1) 

 

-2.1 (6.4) 

n=11 

 

 

-4.7 (6.0) 

n=6 

 

 

-3.0 (6.2) 

 

-1.1 (6.0) 

n=18 

 

 

-2.0 (3.4) 

n=7 

 

 

-1.4 (5.3) 

 

-0.1 (5.1) 

n=12 

 

 

-2.8 (8.3) 

n=9 

 

 

-1.2 (6.6) 

 

-5.1 (8.0) 

n=19 

 

 

-0.9 (2.9) 

n=7 

 

 

-4.0 (7.2) 

 

1.5 (8.2) 

n=10 

 

 

-0.8 (8.0) 

n=8 

 

 

0.5 (8.0) 

 

-4.4 

(10.2) 

n=18 

 

0.7 (5.4) 

n=7 

 

 

-3.0 (9.3 

P Value Between Groups For Total 

OHIP Score 

0.39 0.37 0.19 0.21 

Functional Limitation 

Total  

 

1.7 (2.1) 

n=22 

 

1.6 

(2.1) 

 

-0.5 (1.3) 

n=19 

 

-0.6 (1.7) 

n=25 

 

-0.2 (1.5) 

n=22 

 

-0.6 (1.4) 

n=26 

 

0.5 (1.6) 

n=19 

 

-0.3 (1.8) 

n=27 
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Table 5.19: Mean Change Scores for OHRQol Using the OHIP-14 

 

Domain 

  

Baseline 

Mean (SD) 

Change From 

Baseline to 6 Weeks 

Mean (SD) 

Change From 

Baseline to 4 

Months 

Mean (SD) 

Change From 

Baseline to 8 

Months 

Mean (SD) 

IG 

n=21 

CG 

n=27 

IG 

n=17 

CG 

n=25 

IG 

n=21 

CG 

n=26 

IG 

n=18 

CG 

n=25 

n=27 

P Value Between Groups For Total 

Functional Limitation Score 

0.78 0.73 0.31 0.11 

Physical Pain 

Total  

 

3.3(1.9) 

n=22 

 

2.6 

(2.2) 

n=27 

 

-0.6 (1.6) 

n=19 

 

-0.7 (1.7) 

n=25 

 

-0.4 (1.8) 

n=22 

 

-0.6 (2.0) 

n=26 

 

0.1 (1.9) 

n=19 

 

-0.8 (2.1) 

n=25 

P Value Between Groups For Total 

Physical Pain Score 

0.24 0.92 0.76 0.17 

Psychological Discomfort  

Total  

 

2.7 (2.3) 

n=22 

 

2.1 

(2.4) 

n=27 

 

-0.4 (1.7) 

n=19 

 

-0.3 (1.2) 

n=25 

 

-0.2 (1.8) 

n=22 

 

-0.9 (1.9) 

n=26 

 

0.1 (2.1) 

n=19 

 

-0.7 (2.1) 

n=26 

P Value Between Groups For Total 

Psychological Discomfort Score 

0.40 0.84 0.19 0.22 

Physical Disability         
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Table 5.19: Mean Change Scores for OHRQol Using the OHIP-14 

 

Domain 

  

Baseline 

Mean (SD) 

Change From 

Baseline to 6 Weeks 

Mean (SD) 

Change From 

Baseline to 4 

Months 

Mean (SD) 

Change From 

Baseline to 8 

Months 

Mean (SD) 

IG 

n=21 

CG 

n=27 

IG 

n=17 

CG 

n=25 

IG 

n=21 

CG 

n=26 

IG 

n=18 

CG 

n=25 

Total  2.1 (2.2) 

n=22 

1.3 

(2.3) 

n=27 

-0.4 (1.9) 

n=20 

0.4 (1.5) 

n=25 

-0.1 (1.4) 

n=22 

-0.2 (1.2) 

n=26 

0.2 (2.0) 

n=19 

-0.1 (1.8) 

n=27 

P Value Between Groups For Total 

Physical Disability  Score 

0.19 0.14 0.80 0.57 

Psychological Disability  

Total  

 

2.1 (2.0) 

n=21 

 

1.7 

(2.1) 

 

 

-0.4 (0.9) 

n=18 

 

0.2 (1.3) 

n=25 

 

0.0 (1.2) 

n=21 

 

-0.6 (1.3) 

n=26 

 

-0.1 (1.6) 

n=18 

 

-0.5 (1.7) 

n=26 

P Value Between Groups For Total 

Psychological Disability Score 

0.43 0.11 0.13 0.44 

Social Disability 

Total  

 

1.2 (1.7) 

 

1.2 

(1.8) 

 

-0.2 (0.8) 

n=17 

 

-0.1 (1.3) 

n=25 

 

-0.2 (0.7) 

n=21 

 

-0.6 (1.4) 

n=26 

 

-0.3 (1.3) 

n=18 

 

-0.2 (1.3) 

n=26 

P Value Between Groups For Total 

Social Disability  Score 

0.92 0.78 0.18 0.80 
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Table 5.19: Mean Change Scores for OHRQol Using the OHIP-14 

 

Domain 

  

Baseline 

Mean (SD) 

Change From 

Baseline to 6 Weeks 

Mean (SD) 

Change From 

Baseline to 4 

Months 

Mean (SD) 

Change From 

Baseline to 8 

Months 

Mean (SD) 

IG 

n=21 

CG 

n=27 

IG 

n=17 

CG 

n=25 

IG 

n=21 

CG 

n=26 

IG 

n=18 

CG 

n=25 

Handicap 

Total  

 

1.2 (1.3) 

n=22 

 

1.2 

(2.0) 

n=27 

 

-0.1 (0.7) 

n=20 

 

-0.2 (0.8) 

n=25 

 

-0.05 

(1.1) 

n=22 

 

-0.4 (1.2) 

n=26 

 

0.1 (1.1) 

n=19 

 

-0.4 (1.2) 

n=27 

P Value Between Groups For Total 

Handicap  Score 

0.99 0.55 0.27 0.16 
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5.4.6.2 EQ-5D-5L 

EQ-5D-5L scores measuring quality of life are presented as medians and IQRs for 

each time point. Each of the 5 domains range from 1 (no problems) to 5 (unable). 

There were significant differences between groups at all time points for mobility, usual 

activities and pain/discomfort with the IG having higher (worse) scores whereas the 

CG had fewer problems. However overall, there were no significant differences 

between groups for VAS score (participants reported their perceived health status 

with a grade ranging from 0 (the worst possible health status) to 100 (the best possible 

health status)) and utility score (summary of how good or bad each health state is on 

a scale anchored at 1 (full health) and 0 (a state equivalent to dead), although the CG 

had higher scores at all time points (Devlin et al., 2018). There was also no significant 

difference between groups for change in VAS score from baseline. 

5.4.6.3 IPAQ 

IPAQ data is presented as both categorical and continuous using medians and IQRs 

to demonstrate baseline differences. Positive change scores were increases from 

baseline and negative change scores were decreases. There was no significant 

difference between the IG and CG at baseline using the METs continuous measure, 

although the numbers engaging in moderate and vigorous activity were small (n=15 

and n=4 respectively). Change scores from baseline were also not significant 

between groups.  

Most participants (92%) engaged in walking for at least ten minutes during the week 

prior to baseline visit with 45% walking every day. The median walking session was 

30 minutes. At baseline, 47% were in the low category, 37% moderate and 16% high. 

There was no significant difference between the IG and CG at any time point. 
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Table 5.20: EQ-5D-5L Scores Measuring Quality of Life  

 

 

Baseline 

Median (IQR) 

6 Weeks 

Median (IQR) 

4 Months 

Median (IQR) 

8 Months 

Median (IQR) 

IG 

n=22 

CG 

n=27 

IG 

n=22 

CG 

n=27 

IG 

n=21 

CG 

n=26 

IG 

n=21 

CG 

n=27 

Mobility 2 (1,3) 1 (1,2) 2.5 

(1,3) 

1 (1,2) 2 (1,3) 1 (1,2) 2 (1,3) 1 (1,2) 

P Value For  Difference Between Groups 0.03 0.01 0.03 0.03 

Self-care 
 

1 (1,1.25) 1 (1,1) 1 (1,1) 1 (1,1) 1 (1,1) 1 (1,1) 1 

(1,1.5) 

1 (1,1) 

P Value For  Difference Between Groups 0.06 0.28 0.28 0.31 

Usual Activities  
 

2 (1,3) 1 (1,1) 2 (1,3) 1 (1,1) 2 (1,3) 1 (1,1) 2 (1,3) 1 (1,1) 

P Value For  Difference Between Groups 0.002 0.001 0.003 0.01 

Pain/discomfort 
 

3 

(1.75,3.25) 

1 (1,2) 2.5 

(1.75,3) 

1 (1,2) 2 (1,3) 1 (1,2) 3 (1,3) 1 (1,2) 

P Value For  Difference Between Groups 0.003 0.002 0.009 0.046 

Anxiety/depression 
 

1 (1,2) 1.5 

(1,3) 

n=26 

1 (1,2) 1 (1,3) 

n=25 

2 

(1,2.5) 

1 (1,3) 2 (1,3) 1.5 (1,3) 

n=26 

P Value For  Difference Between Groups 0.19 0.47 0.49 0.98 

VAS Mean (SD)  
0 (the worst possible health status) to 100 (the 
best possible health status). 

67.6 (22.5) 73.5 

(18.9) 

71.6 

(15.5) 

77.0 

(13.0) 

71.1 

(16.1) 

75.3 

(15.9) 

68.1 

(17.1) 

74.7 

(18.1) 
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Table 5.20: EQ-5D-5L Scores Measuring Quality of Life  

P Value For  Difference Between Groups In 
VAS Score 

0.32 0.19 0.37 0.21 

EQ-5D Utility Score  Mean (SD)  0.72 (0.19) 0.82 

(0.23) 

n=26 

0.74 

(0.19) 

 

0.83 

(0.23) 

n=25 

0.72 

(0.24) 

 

0.84 

(0.23) 

 

0.72 

(0.26) 

 

0.83 

(0.22) 

 

P Value For Difference Between Groups  In 
Utility Score 

0.12 0.17 0.08 0.14 
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Table 5.21: IPAQ Analysed as a Continuous and a Categorical Variable 

 

Volume of Activity 
 

Baseline 

 

 

Median (IQR) 

Change from baseline 

to 6 Weeks 

 

Median (IQR) 

Change from baseline 

to 4 Months 

 

Median (IQR) 

Change from 

baseline to 8 

Months 

Median (IQR) 

IG 

n=22 

CG 

n=27 

IG 

n=22 

CG 

n=26 

IG 

n=22 

CG 

n=27 

IG 

n=21 

CG 

n=27 

Walking (METs) 528 

(260,1126) 

594 (396, 

1584) 

17 (-149, 

272) 

0 (-305, 

978) 

50 (-272, 

429) 

165 (-

528, 924) 

124 (-

483, 

437) 

33 (-371, 

842) 

n=26 

P Value For Difference 
Between Groups 

0.53 0.80 0.56 0.76 

Moderate Activity 
(METs)  

0 (0,240) 0 (0,480) 0 (0,315) 0 (0,60) 

n=26 

0 (0,690) 0 (0,280) 0 (-40, 

390) 

0 (0,840) 

n=26 

P Value For Difference 
Between Groups 

0.47 0.78 0.46 0.61 

Vigorous Activity 
(METs)   

0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 0 (0,0) 

n=26 

P Value For Difference 
Between Groups 

0.42 0.21 0.05 0.51 

Total Physical Activity 
(METs) 

693 

(260,1265) 

756 (462, 

2213) 

198 (-158, 

1853) 

0 (-392, 

1364) 

273 (-

267,1490) 

165 (-

401, 

1139) 

176 (-87, 

1145) 

557 (-

1044, 

2306) 

n=26 

P Value For Difference 
Between Groups 

0.34 0.54 0.67 0.67 
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Table 5.21: IPAQ Analysed as a Continuous and a Categorical Variable 

 

Volume of Activity 
 

Baseline 

 

 

Median (IQR) 

Change from baseline 

to 6 Weeks 

 

Median (IQR) 

Change from baseline 

to 4 Months 

 

Median (IQR) 

Change from 

baseline to 8 

Months 

Median (IQR) 

IG 

n=22 

CG 

n=27 

IG 

n=22 

CG 

n=26 

IG 

n=22 

CG 

n=27 

IG 

n=21 

CG 

n=27 

Sitting Time (minutes 
per day) 

300 

(240,465) 

240 

(180,480) 

n=26 

0 (-75, 

120) 

0 (0,90) 

n=25 

0 (-75, 180) 0 (-120, 

60) 

0 (-30, 

120) 

n=26 

0 (-

120,68) 

n=25 

P Value For Difference 
Between Groups 

0.49 0.83 0.71 0.15 

Low n(%) 

 

Moderate n(%) 

 

 

High n(%) 

12 (54.5%) 

 

8 (36.4%) 

 

 

2 (9.1%) 

11 (40.7%) 

 

10 (37.0%) 

 

 

6 (22.2%) 

7 (31.8%) 

 

10 

(45.5%) 

 

5 (22.7%) 

8 (30.8%) 

 

13 (50.0%) 

 

 

5 (19.2%) 

4 (22.7%) 

 

13 (59.1%) 

 

 

4 (18.2%) 

7 (25.9%) 

 

16 

(59.3%) 

 

4 (14.8%) 

6 

(27.3%) 

13 

(59.1%) 

 

3 

(13.6%) 

7 (26.9%) 

 

10 

(38.5%) 

 

9 (34.6%) 

P Value Between Groups 0.41 0.94 0.94 0.21 
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5.4.7 Food Diary Analysis 

Table 5.22 displays differences in relevant daily nutrient intakes and food group 

intakes based on selected healthy habit areas. Four-day food diaries were collected 

for both groups at all four time points to calculate mean change scores from baseline. 

These were also compared to the UK recommended requirements for older people 

(Public Health England, 2016a). Fruit and vegetables were presented in grams rather 

than portions (as opposed to Chapter 4) to make more sense of mean changes 

scores. Macronutrients are expressed as percentage of energy. 

There were increases in total energy for the IG to make them more in line with UK 

recommendations but decreases in the CG across all time points. This was also true 

for fruit and vegetable intake were apart from 6 weeks, the CG decreased their intake 

from baseline and the IG increased their intake. However apart from the four-month 

time point for the IG, fruit and vegetable intakes remained less than the 400g 

recommended requirements. Although protein, vitamin C, calcium, folates (B9) total 

and magnesium intakes saw an increase in the IG and decrease in the CG from 

baseline across all time points, these intakes amongst both groups were already 

above the recommended requirements.  There were greater increases in fibre in the 

IG compared to smaller increases in the CG, however these intakes still fell short of 

UK recommendations. Similarly, potassium observed increases in IG and decreases 

in the CG but both group intakes fell below recommendations. Whilst there were 

mixed patterns between groups at time points for iron and zinc, they all exceeded 

recommendations. There was mixed patterns between groups at time points 

observed for fat and Vitamin D intake also, however both were under the 

recommendations. For folate (B9) natural, the IG had increased intakes from baseline 

and the CG has decreased intakes, which were both mixed and on the borderline of 

reaching the UK requirements. Finally, for carotene, although no UK 

recommendations are currently in place increases in the IG and decreases in the CG 

were found across all time points except for eight months when a decrease was found 

in the IG.  Overall, whilst there were minor mixed findings for a few nutrients and food 

intakes, greater nutritional gains were reported amongst the IG compared to the CG, 

demonstrating adherence to healthy habits. 
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Table 5.22a: Daily 
Changes in Food Intake 
Using Food Diaries and 
Compared to UK Dietary 
Recommendations 

Energy 
(kcal) 

Fruit and 
Veg 
(g)$ 

Total Fat 
(g) 

Saturated Fat 
(g) 

Monounsaturated 
Fat (g) 

Polyunsaturated 
Fat (g) 

UK Dietary 
Recommendations /day 
 
 

* 400 ^ &  # £ 

Baseline Intake/day  
IG n=19 
CG n=22 

 
1621.9 
1707.4 

 
274.7 
337.6 

 
63.9 
67.1 

 
24.9 
25.8 

 
22.8 
23.4 

 
9.6 
10.7 

Baseline % of Energy  
IG n=19 
CG n=22 

   
35.5% 
35.4% 

   

6 Week Intake/day 
IG n=20 
CG n=25 

 
1642.2 
1678.9 

 
376.2 
349.0 

 
60.1 
68.5 

 
23.4 
26.5 

 
20.8 
23.2 

 
8.7 
10.2 

6 Week % of Energy 
IG n=20 
CG n=25 

   
32.9% 
36.7% 

   

Change from baseline to 
6 Weeks 
IG 
CG 

 
 
20.3 
-28.5 

 
 
101.5 
37.2 

 
 
-3.8 
1.4 

 
 
-1.5 
0.7 

 
 
-2.0 
-0.2 

 
 
-0.9 
-0.5 

4 Months Intake/day 
IG n=17 
CG n=23 

 
1723.5 
1685.0 

 
408.6 
290.5 

 
65.3 
67.3 

 
25.5 
25.4 

 
22.9 
23.2 

 
8.8 
10.1 

4 Months % of Energy 
IG n=17 
CG n=23 

   
34.1% 
35.9% 

   

Change from Baseline 
to 4 Months 
IG 
CG 

 
 
101.6 
-22.5 

 
 
134.0 
-21.3 

 
 
1.5 
0.1 

 
 
0.6 
-0.5 

 
 
0.1 
-0.2 

 
 
-0.8 
-0.6 
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8 Months Intake/day 
IG n=17 
CG n=25 

 
1777.4 
1564.0 

 
346.8 
287.0 

 
67.6 
62.1 

 
26.8 
24.2 

 
23.7 
21.1 

 
9.4 
9.1 

8 Months % of Energy 
IG n=17 
CG n=25 

   
34.2% 
35.7% 

   

Change from Baseline 
to 8 Months 
IG 
CG  

 
 
155.6 
-143.5 

 
 
76.8 
-24.8 

 
 
3.7 
-5.0 

 
 
1.9 
-1.6 

 
 
0.9 
-2.3 

 
 
-0.2 
-1.5 

Table 5.22b: Daily 
Changes in Food Intake 
Using Food Diaries and 
Compared to UK Dietary 
Recommendations 

Protein 
(g) 

Fibre 
(g) 

 

Iron 
(mg) 

Vitamin C 
(mg) 

Vitamin D 
(ug) 

Calcium 
(mg) 

UK Dietary 
Recommendations /day 
 
 

~ 30 8.7 40 10 700 

Baseline Intake/day  
IG n=19 
CG n=22 

 
68.4 
75.9 

 
17.1 
18.0 

 
10.3 
11.7 

 
121.6 
111.4 

 
4.4 
5.4 

 
748.2 
855.9 

Baseline % of Energy 
IG n=19 
CG n=22 

 
16.9% 
17.8% 

     

6 Week Intake/day 
IG n=20 
CG n=25 

 
81.1 
71.7 

 
20.6 
18.1 

 
10.6 
14.4 

 
166.9 
134.8 

 
4.0 
7.7 

 
991.1 
902.9 

6 Week % of Energy 
IG n=20 
CG n=25 

 
19.8% 
17.1% 

     

Change from Baseline 
to 6 Weeks 
IG 
CG 

 
 
12.8 
-4.2 

 
 
3.5 
0.02 

 
 
0.3 
2.6 

 
 
45.3 
23.4 

 
 
-0.4 
2.3 

 
 
243.0 
47.0 



 

273 
 

4 Months Intake/day 
IG n=17 
CG n=23 

 
74.0 
72.4 

 
20.5 
19.4 

 
11.1 
13.2 

 
149.8 
103.1 

 
3.2 
6.1 

 
861.8 
781.0 

4 Months % of Energy 
IG n=17 
CG n=23 

 
17.2% 
17.2% 

     

Change from Baseline 
to 4 Months  
IG 
CG 

 
 
5.6 
-3.5 

 
 
3.4 
1.3 

 
 
0.9 
1.5 

 
 
28.2 
-8.4 

 
 
-1.2 
0.8 

 
 
113.6 
-74.9 

8 Months Intake/day 
IG n=17 
CG n=25 

 
74.0 
67.8 

 
19.7 
18.5 

 
10.5 
10.5 

 
154.9 
90.8 

 
3.5 
5.5 

 
893.2 
682.8 

8 Months % of Energy 
IG n=17 
CG n=25 

 
16.7% 
17.3% 

     

Change from Baseline 
to 8 Months 
IG 
CG 

 
 
5.7 
-8.1 

 
 
2.6 
0.4 

 
 
0.2 
-1.2 

 
 
33.3 
-20.6 

 
 
-0.9 
0.2 

 
 
145.1 
-173.1 

Table 5.22c: Daily 
Changes in Food Intake 
Using Food Diaries and 
Compared to UK Dietary 
Recommendations 

Magnesium 
(mg) 

Zinc 
(mg) 

Folates (B9) 
Total (ug) 

 

Folates (B9) 
Natural (ug) 

Potassium 
(mg) 

Carotene 
(ug) 

UK Dietary 
Recommendations /day 
 
 

“  % 200 200 3500 - 

Baseline Intake/day  
IG n=19 
CG n=22 

 
263.1 
279.3 

 
7.8 
9.7 

 
227.6 
281.4 

 
190.9 
201.8 

 
2763.5 
2827.8 

 
2818.3 
2779.4 

6 Week Intake/day 
IG n=20 
CG n=25 

 
328.8 
299.2 

 
9.9 
12.5 

 
292.2 
309.1 

 
235.9 
200.0 

 
3186.4 
2789.8 

 
2968.4 
2216.6 
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Change from Baseline 
to 6 Weeks 
IG 
CG 

 
 
65.7 
19.9 

 
 
2.1 
2.7 

 
 
64.6 
27.8 

 
 
45.1 
-1.8 

 
 
422.9 
-38.0 

 
 
150.1 
-562.8 

4 Months Intake/day 
IG n=17 
CG n=23 

 
316.0 
298.8 

 
9.3 
10.4 

 
352.9 
281.6 

 
248.3 
185.2 

 
3259.3 
2727.3 

 
2947.0 
2702.7 

Change from Baseline 
to 4 Months  
IG 
CG 

 
 
53.0 
19.5 

 
 
1.5 
0.7 

 
 
125.2 
0.3 

 
 
57.5 
-16.6 

 
 
495.9 
-100.4 

 
 
128.6 
-76.6 

8 Months Intake/day 
IG n=17 
CG n=25 

 
304.3 
275.6 

 
8.7 
7.9 

 
253.6 
249.4 

 
196.1 
185.7 

 
3134.2 
2677.7 

 
1848.2 
2507.5 

Change from Baseline 
to 8 Months  
IG 
CG 

 
 
41.2 
-3.7 

 
 
0.9 
-1.8 

 
 
26.0 
-32.0 

 
 
5.2 
-16.1 

 
 
370.7 
-150.0 

 
 
-970.2 
-271.8 

*Energy recommendations: Men 65 to 74 years 2342kcal/day, men 75 years and over 2294kcal/day; women 65 to 74 years 
1912kcal/day; women 75 years and over 1840kcal/day  
 
$ One portion of fruit or vegetables is equal to 80g 
 
^ Total fat recommendations: Men 65 to 74 years less than 91g/day, men 75 years and over less than 89g/day; women 65 to 74 years 
less than 74g/day; women 75 years and over less than 72g/day  
 
& Total saturated fat recommendations: Men 65 to 74 years less than 29g/day, men 75 years and over less than 28g/day; women 65 
to 74 years less than 23g/day; women 75 years and over less than 23g/day  
 
£ Polyunsaturated fat recommendations: Men 65 to 74 years less than 17g/day, men 75 years and over less than 17g/day; women 65 
to 74 years less than 14g/day; women 75 years and over less than 13g/day  
 
# Monounsaturated  fat recommendations: Men 65 to 74 years less than 34g/day, men 75 years and over less than 33g/day; women 
65 to 74 years less than 38g/day; women 75 years and over less than 27g/day  
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~Protein recommendations: Men 65 to 74 years less than 53.3g/day, men 75 years and over less than 53.3g/day; women 65 to 74 
years less than 46.5g/day; women 75 years and over less than 46.5/day 
 
“Magnesium recommendations: Men 65 to 74 years less than 300mg/day, men 75 years and over less than 300mg/day; women 65 to 
74 years less than 250mg/day; women 75 years and over less than 250mg/day 
 
% Zinc recommendations: Men 65 to 74 years less than 9.5mg/day, men 75 years and over less than 9.5mg/day; women 65 to 74 
years less than 7.0mg/day; women 75 years and over less than 7.0mg/day 
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5.4.8 Blood Sample  

 

Nutritional biomarkers consisting of Vitamin C status were assessed using blood 

samples to verify food diary findings (see Table 5.23). As expected, in accordance 

with food diary analysis, the IG demonstrated an increase in vitamin C levels across 

all time points whereas the CG showed a decrease. However, the changes from 

baseline were not significantly different between groups. Sixty-four percent of the IG 

and 70% of the CG gave blood samples at baseline which reduced to 50% in the IG 

and 37% in thr CG at 8 months. 
 
Table 5.23: Vitamin C Status Measured Through Plasma Samples 

 

 

Baseline 

Mean (SD) 

Change from 

baseline to 6 

weeks 

Mean (SD) 

Change from 

baseline to 4 

months 

Mean (SD) 

Change from 

baseline to 8 

months 

Mean (SD) 

IG 

n=14 

CG 

n=19 

IG 

n=11 

CG 

n=15 

IG 

n=12 

CG 

n=10 

IG 

n=11 

CG 

n=10 

Vitamin C 
Status 
(µmol/l) 

55.7 

(22.3) 

66.1 

(33.9) 

7.1 

(15.3) 

-5.5 

(22.0) 

10.4 

(20.8) 

-1.8 

(27.1) 

5.9 

(21.9) 

-10.6 

(36.0) 

P Value For 
Change 
From 
Baseline 

 0.12 0.25 0.22 
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5.4.9 Qualitative Analysis 

5.4.9.1 IG Interview 

 

Based on thematic analysis of the post-intervention interviews, thirteen themes were 

identified from qualitative interview discussions within the IG group across two key 

domains. Themes fell under either the domain related specifically to intervention 

development or the domain related to experience of behaviour change via 

participating in the intervention. The two domains and their related themes are 

summarised with example quotations in Section 5.4.9.1.1 and Section 5.4.9.1.2. 

Further quotations supporting key themes can be found in Appendix 5.15. 

 

5.4.9.1.1 Summary of Intervention Development Key Themes    

 Rationale for Habit Non-compliance 

Rationale for why participants had not necessarily complied with their healthy habits 

as originally intended was a prominent theme. A key reason as to why habits were 

not always successfully adopted seemed to be based around their routine. For 

example some participants commented that their busy lifestyles was a factor such as 

P057 stating “…somehow life gets in the way and it’s very easy to be waylaid with us 

going to [holiday home] half the week and up here half and people inviting us out for 

dinner (P057).” Another expressed that a lack of routine in later life was a contributing 

factor as P048 stated “…when I was working it was very regimented. You got up in 

the morning. You ate at certain times. Now you haven’t got the same problems. You 

can lie in whenever you want you can get up whenever you want…Whatever you 

want however you feel on the day… (P048).” For others it was formation of the habit 

itself that proved testing as “it was just motivation on my behalf” (P010).” It was also 

the terminating of unhealthy behaviours as well that participants struggled with as “it’s 

very easy to make bad habits and difficult to break them… (P048).” Another key factor 

that effected consistency in carrying out their healthy habit was issues with physical 

health. Participant 019 showcases this, commenting “I had to ease back on the pulses 

[F/V habit] cause they were causing me too much flatulence... but I’m persevering 

and I’m trying to include them four days a week… (P019).” Seasonal eating also 

appeared to be a factor as P019 makes an important point for consideration that “it 
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can be a seasonal thing, and I sort of felt I could increase the wholegrains when I was 

making a lot of salads in the summer time but not so much in the winter (P019).” 

 

 Rationale for Habit Compliance 

Alternatively, rationale for why participants had complied with their healthy habits as 

originally intended was a prominent theme as well. A number of individuals felt that 

participating in the intervention acted as a reminder for how they should be eating as 

participant 034 commented that “I think you can become complacent when you’ve 

been doing something like the cooking in married life for so long, and it’s good to have 

that wee nudge every now and again (P034).” For others the researcher to participant 

accountability appeared to act as a strong rationale for habit compliance as P037 

stated, “I think when you’ve got somebody talking you through it makes it much easier! 

You know if I got something like that through the post, and no contact with you I’d be 

more inclined to forget about it… so I think it’s good to meet somebody face-to-face 

and talk it through, ask you how you’re doing (P037).” The content within the 

intervention was also enough to prompt healthy habit adherence as P014 commented 

that, “you know all the information and the literature and stuff, it was a wake-up call 

for me… it makes you aware of what the benefits are of doing the right thing… 

(P014).” Similarly another key reason was because of the health benefits as 

participants felt “I’ve got to try and lose weight cause I’ve got a lot of breathlessness 

at the minute (P040)” or “…mostly because of my on health it gives me the emphasis 

to eat healthy… I’ve learned from the course which is good for my health because at 

the end of the day because I have heart trouble I couldn’t afford to let myself get into 

bad health otherwise… (P057).” 

 

 Enjoyment of Dietary Programme 

A lot of participants commented on the enjoyment of different aspects of the 

intervention. For some this was through learning more about healthy eating as 

demonstrated by P057, “I enjoyed learning about the different commodities… fibre 

and fats and proteins and all which I didn’t have a full knowledge of really (P057).” 

The actual engagement with their healthy behaviours was the most commonly 

observed enjoyment factor noted as “…it was easy because it was enjoyable… it 

made breakfast something to look forward (P040).” It also sparked a sense of 

enjoyment through breaking monotonous eating cycles as “it brought back likes of 
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what I’d forgotten about or hadn’t been bothered about... I’m thinking what way could 

I do it? What way could I lay it out? Make it look nice (P014).” For others it was 

enjoying the effects of eating healthier as P010 stated “I don’t know whether it was 

psychological or what but from day 2 I felt this is great, this is good you know (P010).” 

 

 Health Benefits 

Although perhaps some overlap with other key themes, health benefits was a notable 

key theme within itself. This included increased energy levels as demonstrated by 

P050 who stated, “I do feel physically better… I think I’m been a bit more energetic 

since starting the diet (P050).” There was also a weight loss benefit as P050 

commented, “I think I have [lost weight]. I feel like it [looks down at stomach]. It feels 

flatter (P050).” Some were observing multiple health benefits as P019 said that “I was 

sitting around 97.5 which was where I was when I started, and I’m around 96.5 now 

this morning, the blood pressure’s good, I’m hoping I might get off the blood pressure 

tablets if my blood pressure stays down (P019).” Small benefits were also observed 

“…like maybe being a wee bit more regular in the morning (P015).” Although it was 

not a health assessment conducted within the study, even cholesterol appeared to be 

a notable benefit as P048 commented that “…my cholesterol has gone 7ish down to 

3 and a bit. That’s a big thing. I would put that down to yourself. That has helped 

immensely (P048).” 

 

 Nutritional Education 

It became clear that an education element of healthy eating featured as a key theme. 

This included providing a greater awareness of the nutritional value of foods 

themselves altered eating behaviours as P019 states “… I’m aware of the biscuits, 

the fat content and the sugar content and all that, so I’m aware of keeping that down 

(P019).” Alternatively for some light was shed on common nutritional misconceptions. 

For example, the misconception that wheaten bread is a wholegrain food as P004 

comments “…or brown wheaten bread, when it really wasn’t all that good for you 

which I thought it was (P004).” Food labelling was also an important factor as P057 

stated, “I think if you’ve been giving the information you can make educated choices… 

know to look at the labels now so it has improved what was there and given me a 

wider outlook on food (P057).”  However, for others there was no novelty in the 

information provided as “…it was all pretty much common knowledge to me (P037).” 
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  Wider benefits 

A recurring feature was the wider benefits of the intervention outside of the 3 dietary 

domains. Further dietary changes were being made for example such as “…my coffee 

and tea intake I think I have curtailed them… (P010) or “I’m going to kick the buns 

and the chocolate to the kerb (P040).” Even other health changes were observed 

including physical activity levels as P019 commented “I’ve upped my moving about 

quite a bit… (P019).”  Additional household members also appear to have benefitted 

from the dietary intervention as P037 stated that “he’s [participant’s husband] doing 

all the fruit and veg. Just whatever comes into the house now, he’s just adjusted to 

it… I’m showing him how to look at the labels and how to look for wholegrain (P037).” 

 

 Future Considerations 

The intervention was deemed to be largely accepted by participants as demonstrated 

by P036 commenting “…I think it was comprehensive. I can’t think of any other 

avenue to follow on that side really [suggestions] (P036)” or by P037 who said “I think 

it was a brilliant idea [goal setting sheets] (P037).” However a number of 

considerations for future work was brought to attention, some of which was of mixed 

opinion. For example P010 thought that “the two week interval was very good, 

because the first couple of days you’d be getting into it and then you sort-of 

programme yourself the rest of the time (P010)” but P015 felt that “the fortnightly 

things I don’t whether it would have felt necessary for me to come every two weeks, 

once a month might’ve been ok, ya know cause it was just a repeat coming to do the 

same thing you’d done the last time (P015).” Further participant burden may need to 

be considered as well as P015 also stated that “filling in the forms is a pain in the 

back…” but on the contrary commented that “… it would be better if it was one week 

[food diaries], in my opinion rather than the four days. You know you’d get a truer 

reflection of what people would eat (P015).” The need for lay term clarity was also a 

factor as P057 felt that “the only thing I did have difficulty with was the technical 

scientific side of it, like discussing BMI and you know the technical side of looking at 

your diet (P057).” Other participant suggestions were based around reaching a wider 

demographic of older people such as “…maybe making allowances for if there are 

people on your programme that have health issues that prevent them from doing stuff 

like making fresh food, if you had a sort-of alternative means for them to eat, then that 

would be acceptable (P040).” 
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5.4.9.1.2 Summary of Experience of Behaviour Change Key Themes 

 

 Habitual Language 

Habitual language was a commonly recognised theme when participants were asked 

about their dietary changes. It appeared that performance of the behaviour in a 

consistent context produced automaticity as P023 states, “I’ve been taking it that 

regularly that it’s become automatic (P023).” Participants commented that their habits 

became embedded as part of their normal routine such as P034 who said “…as the 

weeks went on it became more of a habit that you weren’t really having to think about 

or bring to your attention, but it did actually just fall into place and become part of your 

daily routine (P034).” Eating behaviours also appeared to have been carried out 

without conscious thought at P015 comments “it’s just come as second nature now 

basically. Just really do it without thinking now… but I’ve just got into the habit of 

taking one (P015).” Even when a temporary change in routine meant that the eating 

behaviour was not adhered to, it seemed that the desire to comply with the habit was 

still evoked as P023 states “But no I think once it gets into the mind, and most of the 

times when I missed out isn’t because I’ve forgotten about it… but just really from not 

being there at the time (P023).” 

 

 Process of Habit-formation 

It was evident that for some participants the process of habit-formation was still 

ongoing. For example, automaticity clearly developed at different rates for individuals 

as P040 comments, “I’m still not 100% in the habit of the evening one… I will get there 

because it was the same with the breakfast one, after about a week and a half to two 

weeks it’s a habit and you’ll not forget (P040).” They also demonstrated a breakdown 

of how their dietary changes have become more habitual, that “first week you’re 

having to remember, the second week you’re mostly remembering but sometimes 

forgetting, although you’ll remember at some point and the third week it’s a habit 

(P040).” It was clear that this was a process that became easier over time as P004 

said “Well better than I was at the beginning… [at adopting habits] (P004).” It 

appeared that participant’s old age may have been a contributing factor to the process 

as it was apparently “maybe a bit difficult to remember sometimes [to do habit]… at 

the beginning…it’s probably difficult to change patterns at my age but I’ll get there 

(P023).” In particular, battling a lifetime of ingrained bad habits appeared to hinder 
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the speed of habit formation but participants were confident that automaticity would 

eventually develop. P057 demonstrates this, stating “I am doing it slowly but after a 

lifetime of bad habits… but it is an ongoing process for me… It is not something for 

me at my age that will change quickly [forming habits] but it has set me on the right 

road which I have to work on and I have that determination to do that. I will get there 

but maybe not in our time (P057).” 

 

 Habit Adherence 

Successful adherence to healthy habits was a prominent theme. Some participants 

were able to quantify the amount of time they carried out their new healthy habits. 

P010 for example said “the fruit and veg and the wholegrain I felt that I thought I was 

achieving about 70-80%, but on the protein… I think I’d only rate myself about 50% 

(P010).” P015 demonstrates specifically how they carry out their healthy habits stating 

“…I go to the gym and when I come back I have an orange or two oranges, and the 

next day I might have an apple instead… and at night times now I’ve got into the habit 

of taking a yoghurt either after my dinner or sort-of 9 o’clock-ish before I go to bed, 

and then changing from the white bread to the wholegrain was actually quite nice 

(P015).” For many participants adhering to their new dietary behaviours was easy as 

P021 found “…the grapes were no problem, and once I found a way of eating the 

oatcakes by combining them with the yoghurt there was no problem (P021).” 

Participants were also mindful of habit adherence whilst planning their meals as P019 

commented “yes I suppose it did become easier, cause when I was shopping I was 

thinking I have to get these pulses. I’ve got to add them in somewhere so I would buy 

extra lentils and barley and as I say that tin of beans for salad so it makes me think 

when I’m shopping which is the foundation of the whole thing (P019).” 

 

 Ease of Adopting Habits 

It was obvious that a lot of participants generally found their new healthy dietary 

behaviours easy to adopt. Participant 004 supports this, commenting “…no it was 

easy to adapt to it… It wasn’t difficult, you weren’t asking to do really difficult things 

you know, that wouldn’t suit every day (P004).” The ease of adopting habits were a 

common finding as participants appeared to like their dietary changes as verified by 

P057, “I’ve no problem with it [adopting habits] and there’s nothing I don’t like or has 

been a hardship (057).” It also appeared that the ease of the intervention may have 
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been fundamental to long term maintenance as P014 states that “…it wasn’t like you 

were getting forced to eat something that wasn’t nice. How anyone goes on those 

diets [like] slimming world… I couldn’t stick that. Maybe do it for a couple of weeks if 

I had to but it’s not something that I would enjoy or want to do (P014).” P034 also 

supports the idea that small changes appear to aid more successful adoption to 

dietary behaviour change by saying “…it really wasn’t a problem to adjust here and 

there, if you had to change your diet utterly and completely that would be different 

that would’ve been a big change, but it was just little things here and there (P034).” 

 

 Logging Habits 

Logging habits using the provided tracking sheets appeared to have divided opinion. 

For some participants they found a satisfaction in logging habits, like “it was nice to 

be able to fill in and say yes I did that… but it made me feel good when I remembered 

to do it (P014)” or “it motivated me to be regular… (P019).” However not all had 

engaged with the tracking sheets materials as some found “… if I read and can get 

something in my head I can do the checklist in my head (P057)” or “I didn’t find it was 

a chore but I just didn’t do it (P037).” It also appeared that although logging habits 

aided formation in the beginning as demonstrated by P034 stating “it kept it at the 

forefront of your attention and reminded you each day… (P034),” once automaticity 

set in, they were not required. This is supported by P040 who said “…useful, definitely 

at the start I was ticking them every morning, and then when it became more of a 

habit I was forgetting to tick them, I was just doing it. I was just going oh Christ I 

haven’t done that for three days but that’s because it was a habit. If it wasn’t a habit I 

would’ve been ticking them (P040).” In fact once automaticity had been acquired they 

became unnecessary and burdensome on participants as P019 says “now I do find it 

a bit of a nuisance…  I wouldn’t need that now as much since my habits are set 

(P019).” Participants also commented how the sheets supported habit formation 

through acting as a visual reminder like P021 who said “I stick them up on the fridge 

(P021).” 

 

5.4.9.2 CG Interview 

 
Conducting interviews amongst the CG at 6 weeks resulted in three key themes. This 

consisted of dietary changes made/ or lack of since baseline visit; rationale for making 
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or not making dietary changes made and external factors that may have influenced 

dietary changes outside of the intervention. A summary of these key themes with 

supporting quotations are outlined in Section 5.4.9.2.1. Further quotations supporting 

key themes can be observed in Appendix 5.16.  

 

5.4.9.2.1 Summary of Control Group Interview Key Themes 

 Dietary Changes/ or Lack of  

The first identified theme was dietary behaviour change made since baseline visit 

which resulted in a mixture of responses. For those that did report dietary change, 

any changes commented on in the interview appeared to be information found within 

the EatWell Guide. For example comments included, “I’ve increased my diet from one 

portion of fish a week to two” (P046) or “I’ve made a real conscious effort to drink 

more water/ eat more fruit” (P017). A few participants also admitted to conscious 

changes, however it was unclear if this directly led to any dietary behaviour change. 

An illustration of this includes “I’m reading the food labels which I’d never done before” 

(P017) or “I’m thinking more about fruit and fresh vegetables” (P022). Alternatively, 

many participants explicitly reported no dietary changes made. 

No observed dietary change through reading the EatWell Guide directly seemed to 

be a prominent occurrence also. For many the information provided appeared to be 

common knowledge and that they were already doing many of the health behaviours 

found in the EatWell Guide, stating that “as far as I could see pretty basic, you know 

common sense stuff… there’s nothing really that I need to cut down on (P012).” Whilst 

feedback was generally positive around the information in the EatWell Guide, for 

some participants a lack of engagement with the leaflet was observed as was the 

case for participant 035, “… if you give me a page I’ll read it. Give me a lot of pages 

and chances are I’ll set them down and say oh I’ll read those sometime whenever I 

get round to it (P035).” Issues with the information itself were also presented as 

participant 039’s experience was that “…the visual images of the EatWell thing is 

quite meaningless really cause you do one meal at a time, you never think of the 

whole food for one day sitting on a plate, if you put on one slice of bread on that plate 

it takes up a lot, so it doesn’t mean anything to me…(P039).” 
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 Rationale for Making or not Making Dietary Changes 

Another identified key theme around dietary behaviour change was participant’s 

rationale for making those changes. This appeared to consist of a mixture of prodding 

methods such as reading the EatWell Guide and by attending the study visits as 

demonstrated by the following quote, “it was probably the leaflet and coming here 

really, both of those have got me thinking more about my health in general (P022).” 

This was not the case for all participants as not all engaged with the reading material 

provided. For example participant 039 stated “…I think actually rather than reading 

information on a sheet of paper, for someone my age who hasn’t good eyesight, that 

actually talking to someone and being able to ask questions, cause I think we would 

hear things more, we would listen to the radio a lot, that’s how I take in information 

rather than visually, certainly the diagram [on EatWell Guide] doesn’t help me (P039).” 

It was certain aspects of the study visits in particular that appeared to promote dietary 

change more such as food diaries as indicated by participant 017, “I think really just 

looking at what I was doing in the food diary, because I don’t think you realise just 

what you’re doing, I can hardly remember what I’ve had yesterday… (P017).” Or also 

actually getting health results appeared to be more likely to probe change as 

demonstrated by participant 002 “I’d like to get below fourteen stone…and maintain 

that weight because you said I’m currently overweight, or obese when you gave me 

that body mass index sheet (P002).” For others just simply being asked about certain 

health topics appeared to act as a motivator for health changes (although not directly 

dietary-related) stating “…my activity levels have gone up because just being asked 

straight up how many hours you do a day and you’re just sitting there, makes you 

think, so I’ve been walking a lot especially since the good weather came in (039).” 

Rationale for not making dietary changes were in accordance with various similar 

age-related barriers for behaviour change discussed within Chapter 1 of this thesis. 

This included living alone and the lack of motivation that can often come with that as 

showcased by participant 017, ““…I think it’s just because I’ve been on my own for a 

while I’m just feeling aw I can’t be bothered (P017).” Lack of appetite was also a key 

theme that made it difficult to incorporate changes into the diet which was the case 

for participant 011 when they stated. “I wouldn’t bother with a main meal really… I’m 

not hungry and I would usually take a cup of coffee or something like that, and that 

would do me (P011).” Many participants reported that poor health was what resulted 

in a lack of engagement for any dietary change including operation recovery, bad 

eyesight and poor oral health. For example participant 011 would never read food 

labels because “…you know I don’t bother, cause firstly I need my glasses to read 
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them… and secondly I can’t be bothered (P011).” Oral health in particular was a more 

prominent health factor for avoiding dietary change as participant 018 states, “my 

eating habits are still you know [points thumb down] because the teeth are still, they’re 

not any better (P018).” A final factor noted among a couple of participants was 

busyness that prevented any dietary change as participant 032, “I did [read EatWell 

Guide], but then with the holiday times you just couldn’t stick to it, and then I was at 

one of my nephew’s engagement parties, I was a bit snookered as well, and then I 

was at another party, and then there was Easter and I ate a lot over that (P032).” 

 

 External Dietary Influences 

The final key theme that was observed amongst fewer participants were external 

influences outside of the DENHAB study that may have resulted in dietary changes. 

For example external motivation was given to one participant who had“…a wedding 

to go to on the fourth [motivation to lose weight] (P032).” Another particularly 

influential promoter of dietary change was that one participant was attending a 

cookery class at the time which aided trying new foods as they stated, “well the 

cookery class give me an enthusiasm and took the fear away. I was just a bit afraid 

of going into the kitchen for fear of what would be produced but I’ve found I can now 

follow a recipe and I really enjoy that. A sort of satisfaction… from what I was picking 

up in the class, I was looking more intelligently at the fat, sugar and salt content of 

the foods. I learnt quite a bit (P054).” One participant found that additional reading or 

media attention influenced dietary change as they commented “…I was reading in 

yesterday’s Sun about eating more raw vegetables… apparently they’re far better for 

you and you don’t lose the goodness (P022).” 

5.4.9.3 PPI Interview amongst Health Professionals 

Five interviews were conducted at the Centre for Dentistry among its staff. This 

included a senior dental nurse (P01), two dental nurses (P02, P03), a restorative 

dentist (P04) and a consultant in restorative dentistry (P05). Four themes were 

generated which consisted of nutrition as a topic in the dental setting; experience of 

the DENHAB trial within the clinical setting; barriers of implementing the intervention 

into clinical practice; and suggestions for implementing the intervention into clinical 

practice.  A summary of these key themes with supporting quotations are outlined in 

Section 5.4.9.3.1.   

 



 

287 
 

5.4.9.3.1 Summary of Key Themes in a PPI Interview amongst Health 
Professionals  

 

Nutrition as a Topic in the Dental Setting 

Although already well highlighted within oral health literature and within this thesis, 

health professionals initially discussed the impact of dental health issues on diet and 

nutrition for older adults in their experience. They stated that it typically “would have 

a big impact” (P01) as tooth loss or ill functioning dentures causes patients to “miss 

the enjoyment of those type of foods [hard foods] and obviously from a nutritional 

point of view a lot of those patients will grab for sort of easy to eat high sugar/ high 

cariogenic type foods (P04).” This led on to probing if the health professionals would 

give any dietary advice to their patients which was certainly not the case for any of 

the dental nurses as P02 stated “I would never be asking or advising any patients on 

anything dietary related or what to eat or not to eat.” Nor did this seem to be the case 

among the dental professionals who said that asking patients about their diet is 

“probably not on our list of priorities …and not something I’ll really probe into (P04).” 

P05 stated that the only real dietary advice they would give “is with regards to sugar 

in the diet as many of our patients are susceptible to decay” and that “as a rule we 

don’t as clinicians give healthy eating advice. It’s not really our thing but I think it 

should be.” Health professionals were also asked if they measure any nutritional 

outcomes which was typically not conducted unless they were particularly concerned 

about the patient’s sugar intake. Although they said it’s “an important thing for us as 

dentists to find out about the patients diet” it is not routinely done amongst patients 

and instead “probably a reactionary thing if we see a lot of caries we would give out 

a diet sheet (P05).” 

 

Experience of the DENHAB Trial within the Clinical Setting  

Although health professionals had no direct feedback on the trial from DENHAB study 

participants, P01 did comment that “I think the people actually enjoyed coming in... if 

we were in and out [of the room] it always seemed pretty informal.” When asked if 

conducting the research study had any major impacts on the running of normal clinic 

practice, all health professionals reported no issues with P03 stating “…it hasn’t really 

made that much of an impact on the clinic.” 
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Barriers of Implementing the Intervention into Clinical Practice 

The interviewer provided an overview of the DENHAB dietary intervention and its 

impact from some of its preliminary findings. The health professionals were then 

asked what they would consider the main barriers of implementing the intervention 

into practice. The most prominent barrier that was commented on was time 

constraints. This included time for the patient themselves as P03 commented that “if 

a patient is in with a student, they are here the best part of the morning or the 

afternoon without one of us keeping them here even longer going over stuff with 

them…” However, they also commented that they may not even have the time to do 

it themselves as “we wouldn’t be able to spend 20 minutes with a patient either.” P04 

expressed even bigger time constraint concerns with regards to more general practice 

outside of the dental school stating “you barely have time to go through oral hygiene 

instruction never mind diet in depth.” They also explained rationale for this that “the 

way the numeration is set up particularly in NI it pays speed per item so the more 

clinical dentistry you do the more you get paid and it’s not set up too much in terms 

of pushing prevention.” Differences in normal practice was also commented on with 

regards to resources as when asked if there would be an available room to deliver 

the intervention P02 commented “Probably not no.” Another key barrier commented 

on was the ability of health professionals to deliver a dietary related intervention 

without having a nutrition background. For example P01 said “I would be a bit 

concerned I am giving them the right advice… that would be one concern that I’m not 

a nutritionist and I might have to find the answer out for them later.” This lack of 

knowledge from dentists was also commented on by P04 who stated “I probably 

would be naive to an awful lot of the information in that leaflet so probably educational 

sessions would be needed to train us to give better nutritional advice.” 

 

Suggestions for Implementing the Intervention into Clinical Practice 

Health professionals had a wide range of suggestions and advice for how to best 

implement the intervention into clinical practice. Some comments regarding 

implementation suggestions were more related to bringing in dietary advice into the 

dental setting in general such as P03 suggesting “even if there was a dietary advice 

sheet that you could give them home…” or “you could have posters out in the waiting 

room up.” P05 even proposed “more of a teaching role for teaching patients in small 

groups” due to time restrictions. Other advice regarding ease of delivery was “it 

wouldn’t be difficult if you had a structured template (P05).” However although already 
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touched upon, levels of comfort did differ in terms of the idea of the health 

professionals delivering the intervention themselves. Some commented “I would feel 

comfortable enough doing that [delivering intervention]” (P02) and “absolutely if we 

were trained up in it” (P04) but for others they felt “it would be out of my comfort zone. 

I just think they probably wouldn’t lesson to me (P03).” P05 highlighted scope for 

additional educational training courses that are already delivered in the dental setting 

as “I know some of our dental nurses are trained up in oral health education.” Some 

of the dental nurses discussed optimal timings to deliver the intervention. For example 

“later in the morning when patients are gone we have more time” or “there would be 

certain days we would have more time to bring a patient into have a chat with them 

maybe towards the end of the week when we have extra staff coming in (P01).” 

However there were other suggested health professionals to deliver the intervention 

outside of those who were interviewed which included “we don’t have a dietician in 

this building yet but that might be something for the future or refer them to the dietician 

(P05).” Suggested referrals to deliver the intervention outside of the dental setting 

continued as P03 felt a GP surgery would be more suitable “…because if you go into 

the GPs they can say you look a bit heavier whereas in here we wouldn’t be as 

forthcoming to say anything like that… I think they would take the advice more off a 

doctor than a dentist.” However, with regards to sticking to the delivery of the 

intervention within the dental setting, an up and coming role which has “become more 

established in the last 10-20 years (P04)” with “more and more practices in the 

country having them (P05)” is a dental hygienist. It was suggested by several of the 

health professionals that they might be the ideal personnel to deliver a dietary 

intervention within the dentistry setting. For example, P03 commented that a hygienist 

“would go over quite a bit of dietary advice.” Whilst P05 controversially stated they 

don’t typically give dietary advice, they felt “dental hygienists are probably the best 

types of clinician to deliver because they are always delivering messages and trying 

to modify behaviour, more so for the actual cleaning of the teeth and maintaining the 

dentition but more so could deliver dietary advice as well.” Other dental shifts include 

the rise of community dentistry which P05 felt would be more hospitable to delivering 

dietary interventions as they explained “that’s where a lot of the older patients will be 

seen in community clinics. They are ran by the NHS and have no charge…They are 

a bigger increasing group so things are changing in the community as well. There 

would be lots of hygienists in the community as well.” It is evident that the expanding 

dental setting offers potential new routes to facilitate dietary advice but rather it is 

refining the best course of action to take as P04 agreeably summarised “I am looking 
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forward to things being implemented because there is work to be done and 

improvements to be made in this area.” 
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5.5 Discussion  

This chapter aimed to determine if a habit-based tailored dietary intervention, in 

conjunction with oral rehabilitation was able to positively impact dietary habit 

formation amongst partially dentate older adults using a RCT design. Using a IG 

receiving a habit-based programme and CG receiving minimal leaflet-based 

educational material, this study also examined diet quality, nutritional status, food -

related well-being, knowledge about diet and disease links and oral health-related 

quality of life.  

5.5.1 Screening and Recruitment  

RCT recruitment commenced in November 2017 from the Centre for Dentistry. After 

the avenue of contacting patients and previous patients via physician letter were 

exhausted, the study became dependent on advertised posters or dental students 

and consultants generating new patients at the Centre for Dentistry. As many student 

clinics were infrequent at times because they followed the academic calendar, in the 

latter stages of the study a snowballing effort was launched. After assessing for 

eligibility, 34.5% of the sample were deemed ineligible, although a further 19.1% were 

excluded for other reasons (e.g. uncontactable). Whilst the overall eligibility for the 

DENHAB trial appeared to be suitable as no major issues arose, it was discussed 

that some recruitment challenges may have been averted if the criteria was less 

stringent on excluding Type 2 Diabetics which consisted of 8% of the screened 

sample.  

It appeared the most successful recruitment method for recruiting an older population 

was via contacting potential recruits by physician letter (43% of DENHAB recruits), 

which supports findings from another older adult dietary intervention trial that 

specifically focused on recruitment strategies (Forster et al., 2010). Although a high 

rate of attrition was observed for a long term dietary intervention trial (Crichton et al., 

2012), all post-randomisation dropouts were in the IG (n=5) , which did carry a heavier 

commitment to the study. All participants dropped out of the study between their 

baseline and 6 week appointments when the fortnightly study visit meant that demand 

was most cumbersome. Dropout participants were notably of a lower MDS score, 

similar to general study interventions that suggests less engagement of participants 

of a lower socioeconomic status (Roumen et al., 2011; Kure-Biegel et al., 2016; Tim 

Lobstein, 2017). Rationale for dropping out primarily included ill-health and carer 

responsibilities, which is largely unavoidable and consistent with other dietary 
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intervention RCTs for this population (Forster et al., 2010). However, going forward, 

minimising participant burden where possible is likely to maximise attrition rates. It 

may also be of value to gather the principal reasons for agreeing to participate in the 

trial to further encourage research engagement.  

 

5.5.2 Habit Formation 

With regards to habit-formation, automaticity was consistently higher within the IG 

compared to the CG, demonstrating the success of a habits-based dietary 

intervention as a greater than 1.1 difference in SRBAI was detected, in line with the 

study’s power calculation, at follow up visits. This was in spite of generic automaticity 

indicating less sensitivity for change compared to individually tailored habit goal 

automaticity amongst the IG. For the IG, targeted feeding behaviours became 

substantially more habitual as manifested by significantly higher automaticity scores. 

With repetition within the same context, the behaviours became more automatic, in 

line with previous habitual literature and showed the ability for older people to 

demonstrate behaviour change maintenance (McGowan et al., 2013; Gardner, 2015; 

Cleo et al., 2019). Across all three behaviours, associations between automaticity and 

behavioural frequency were evident as, once eating behaviours became habitual, 

correlation strength grew. Change in behaviour was therefore fully mediated by 

change in habit strength, indicating that habit strength was the mechanism by which 

behaviour improved. These findings are in accordance with habit theory, suggesting 

that increased repetition in a stable context is what enables automaticity (Gardner, 

2015). Similarly to the feasibility study conducted in Chapter 4, a sensitivity analysis 

that adjusted findings to be in line with the original automaticity scale, presented no 

analytical differences that were statistically significant for both IG automaticity and 

generic automaticity. Interestingly, individual differences were observed in the time it 

took IG participants to fully develop their habits. These SRBAI findings were in line 

with individual’s experiences discussed in qualitative interviews. This included 

habitual language used and the habit forming process which described behaviours 

becoming gradually more habitual in time and acquired characteristics of habits, 

such as automaticity, routine and lack of conscious awareness over time (Lally, 

Wardle and Gardner, 2011). Nonetheless, it was evident that habits appeared to 

be enacted automatically by the four-month study visit mark as no significantly 

different habitual gains were observed between then and the final follow up visit. 

This appeared to be reflective of the development of habits as an asympototic curve 
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where greatest habit gains are observed early on and then they plateau (Lally et al., 

2010).  

There was also variation in how strong the habit became as, for some people, habit 

strength peaked up to a certain point on the SRBAI scale, whereas it peaked at the 

very top for others. Lally et al., comments that this may be due to an individual 

threshold value of performance where a maximum possible habit strength is curtailed 

(Lally et al., 2010). For others, particularly for generic automaticity, a number of 

participants already were healthy across the three targeted food domains. They 

therefore already reported higher scores of automaticity which may have diluted 

the true impact of the dietary intervention.  

Contradictory to established habit research, intention and planning scores remained 

higher in the IG compared to the CG at each time point, even when habits appeared 

to become more developed. Yet it is thought that an intention is to become less 

predictive of behaviour as habit strength increases (i.e. where intention is weak, the 

habit is strong) as automatic actions can proceed in the absence of conscious 

intention (Gardner, 2015). As questions appeared to create some ambiguity, it is 

highly plausible that the participants’ interpretation of the question may have impacted 

responses with their hope to continue with their habitual behaviours instead. 

Nonetheless, these results are not the first of its kind as evidence of the habit–

intention interaction has shown mixed findings within health research (Ouellette et al., 

1998; Rhodes and de Bruijn, 2010; de Bruijn, Rhodes and van Osch, 2012). Perhaps 

the relationship between intention and habit is actually more complex than suggested 

in the literature. This demonstrates the need for future research to focus on rationale 

for the direction of habit–intention interactions which may be more behaviour or 

individual specific.  

Overall, the intervention was deemed widely acceptable and well-suited to older adult 

participants (including randomisation to the CG), as determined through the 

favourable feedback from interviews and the evaluation questionnaire of the IG in 

particular. Throughout the process of the trial, it was evident that a number of factors 

may have explained this wide spread acceptability and consequently may have 

encouraged habit formation. Similarly to Kliemann et al., it appeared that the ease of 

adopting new behaviours and the enjoyment in doing so amongst a lot of participants 

may have aided habit maintenance. This is because they reported greater 

engagement with the intervention and improved automaticity (Kliemann et al., 2017). 

For example, some participants commented qualitatively and within the researcher 
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notes that it was the simplicity of the intervention programme that worked well for 

them and that the complexity of established weight loss diets (e.g Slimming World) 

would have been too much. It should be stressed the intentions of this intervention 

were not as a weight a loss diet. Instead, small changes appeared to be best fitted 

for this age group as “it is not as if you feel like you are on a diet (P030- researcher 

notes).” However, despite this there appeared to be a knock on effect of participants 

making further dietary changes outside of the three specified behaviours (based on 

qualitative interviews and researcher notes). Participants appeared to have mixed 

feelings for the use of logging habits using tracking forms as to whether or not they 

were necessary to promote habit formation. For those that did log habits, findings 

appeared to replicate the literature in that the reminding effect diminished over time 

as behaviours became fully formed habits (Tobias, 2009). This finding was verified 

qualitatively as participants commented on tracking becoming more burdensome, but 

also quantitatively as, when automaticity increased, participants less frequently 

completed tracking forms. Other prompt reminders appeared to aid behaviour change 

and may perhaps be of particular use to older people with memory loss, such as 

alterations to the environment including seeing the food in the fridge/fruit bowls (Fry 

and Neff, 2009). The use of these reminders should be emphasised going forward as 

Judah and colleagues state that forming habits is dependent upon the individual’s 

ability to remember to perform the new behaviour. This means poor memory is likely 

to influence behaviour initiation and early stages of maintenance (Judah, Gardner 

and Aunger, 2013). 

The variation in habit characteristics appeared to possibly impact on both habitual 

instigation and maintenance of the IG, which may help unpack the diversity observed 

in ability and resistance to behaviour change (Carden and Wood, 2018; Gardner, 

Rebar and Lally, 2019a). It may be that some behaviours are more suited to habit 

formation, as demonstrated by suboptimality scores which showed habit strength for 

simple behaviours peaked quicker than for more complex behaviours, which have 

been shown to take longer to become habitual (Lally et al., 2010). For example, the 

breaking of a bad behaviour alongside the initiation of a new behaviour (which was 

less prominent in the fruit and vegetable habit) is thought to be more effortful as it 

also requires the breaking of an existing cue-response association as well as 

establishing a new one (Riet et al., 2011; Lally and Gardner, 2013; Ersche et al., 

2017). Unfortunately, goals were listed as suboptimal if they were unclear or 

unspecified, which limits the overall habit characteristic reliability of this study. 

Instead, it advises on aspects of behaviour goals to better record in the future to gain 
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a more accurate portrayal of the contribution of type of habit manifestation to 

automaticity and behaviour frequency. However, to a large extent, the harvesting of 

habitual behaviours may also be partially dependent on the significant variation in 

which the individual demonstrates a tendency for developing habits themselves and 

that perhaps some individuals may be inherently more “a creature of habit” (Ersche 

et al., 2017; Linnebank, Kindt and de Wit, 2018). Habits are an inherently idiosyncratic 

process, based upon personal behaviours and contexts and influenced by personal 

factors such as past behaviour, upbringing, subjective norms and character 

(Verplanken and Orbell, 2003; Linnebank, Kindt and de Wit, 2018). For example, 

individual personality traits have been shown to influence dietary routine in older 

people, as one study revealed that their dietary habits may be more related to their 

levels of openness and emotional and social adjustment (Mõttus et al., 2013). 

Although difficult to control for, a better grasp of the mechanisms underlying habitual 

responses and individual variations will aid the expansion of habit research.   

Other influencing factors include both the adherence and timing of assessment 

appointments. The postponing of appointments appeared to be a regular occurrence 

amongst some participants as poor weather conditions, conflicting doctor/hospital 

appointments, ill health and forgetfulness were some of the main reasons recorded. 

Another hindrance was the large recruitment push before the Christmas period to aid 

sufficient follow-up time. This was not an ideal month to impose dietary change, as 

participants commented that their routine eating behaviours were typically more lax 

and public holiday closures and busy schedules meant that following the study 

timeline was difficult. Some participants even refrained from starting their healthy 

habits until after the New Year which, undoubtedly, may have influenced the 

behaviour change process as motivation may have waned in the period since the 

previous contact with the researchers. This break in normal routine continued, as 

some participants reported holidays, family visiting or hospital stays throughout the 

study, where a change in environment may have required conscious attention, 

contradictory to habit theory (Ersche et al., 2017). Lapses in practising the behaviour 

have also been shown to have important consequences for future performance 

(Armitage, 2005). Another seasonal issue was that a few participants commented that 

their new behaviour was not a food that they would consume all year round and would 

require alteration in the warmer months (e.g porridge at breakfast or soup at lunch). 

Significant seasonal variations in older adults have been reported to influence 

nutritional status, which may warrant greater consideration in future intervention 

research (Ersoy et al., 2018). Analysis of the researcher notes in particular brought 
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to attention that some participants struggled to fully comprehend the concept of habit 

formation, which may have also hindered the process, such as not doing the 

behaviour under the same context (e.g. different times in the day) or not doing the 

behaviour on a daily basis.  

 

5.5.3 BCTs  

With regards to BCTs specifically, the previously discussed work of Lara and 

colleagues demonstrated that the BCTs that most enhanced effectiveness amongst 

older people were BCTs that were only delivered to the IG (barrier 

identification/problem solving, use of follow-up prompts and goal setting (outcome)), 

which may provide explanation for the higher automaticity scores observed in this 

group (Lara, Evans, et al., 2014). Upon evaluation, it was apparent that these BCTs 

did aid habit formation amongst the IG as, when asked to rate the level of helpfulness 

of these factors incorporated into the intervention in improving their diet and 

overcoming barriers to healthy eating, they were all ranked extremely helpful in the 

evaluation questionnaire. However, improvements were also apparent within the CG, 

despite not receiving habit-forming recommendations, which demonstrates the 

ability of the BCTs that were delivered to this group to still be successful. Nonetheless, 

it was apparent that these changes made were not likely to be habitual in nature as, 

contrary to the IG, no habitual language was used during qualitative interviews when 

trying to unpack the processes of implementation and dietary change. Although not 

shown to be the most effective, Lara and colleagues showed that ‘providing 

information on the consequences of behaviour’ was the most commonly observed 

BCT used amongst this population, which was delivered to the CG through providing 

participants with the EatWell Guide. It may not have been in line with findings from 

the Lara’s et al. paper but systematic review evidence showed that the self-monitoring 

of eating behaviours of overweight and obese adults (which included older adults) 

brought about the most significant dietary changes. As the CG were still able to 

monitor their diet throughout the study using food diaries and by receiving health 

outcome results, it may provide justification as to why dietary changes were still made 

(Samdal et al., 2017). In fact, even though the IG were exposed to more, the CG 

participants did specifically report that the attending of study assessments, recording 

food intake and the education provided was sufficient to prompt dietary change in 

their qualitative interview or within the researcher notes. Outside of the embedded 

BCTs delivered to both groups (outlined in Section 5.3.5), it appears, upon evaluation, 
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that a number of unintended BCTs may have been touched upon that were not 

included in analyses. For example, social support was the most prominent unintended 

BCT, which Lara and colleagues also consider to be one of the most effective, as four 

married couples were enlisted in the trial (Lara, Evans, et al., 2014). Upon reviewing 

of the researcher notes, it also became apparent that the spouses of a considerable 

number of other individuals who were not enrolled within the trial were also making 

healthy changes as, typically, one person was predominantly doing the household 

food preparation. It is highly probable that the support of the spouse aided habit 

formation as other people have been shown to serve as a cue that can trigger daily 

habits (Wood, Tam and Witt, 2005). Other unintentional aspects of BCTs may have 

played a role in the effect of the intervention, such as the BCT of ‘reviewing of 

outcome goals.’ As some participants reported that their new habit was a novel food 

to them and it “did not agree with them (P025, P030),” it resulted in a trial and testing 

period that led to the original habit being slightly altered, which may have hindered 

the onset of habit formation. The BCT described as ‘generalisation of a target 

behaviour’ may have also influenced automaticity as it consists of performing the 

wanted behaviour, which is already performed in a particular situation, in another 

situation. In a few instances, this was the case for a participant’s habit as, because 

they were often already healthy in that dietary domain, fitting in a novel habit proved 

to be particularly difficult. Consequently, a partly already established habit may have 

been used.  An unintended BCT that may have resulted in enhanced behaviour 

change amongst the CG was ‘verbal persuasion about capability’ as some highly 

motivated participants were keen to discuss and ask dietary advice questions. 

Nonetheless, pre-established BCTs, amongst the IG proved to show greater overall 

automaticity gains. 

 

5.5.4 Secondary Outcomes 

Outside of habit formation, health outcomes observed little significant change, yet 

age-related complexities may have acted as an interference. For example, blood 

pressure appeared to have gone down during the course of the trial, but these 

changes are more likely because the researchers fed back high blood pressure 

scores to some participants who consequently visited GPs and were put on 

medication. Although the study did not result in any between group significantly 

meaningful weight or BMI change, both groups experienced weight loss even though 

dietary change was more prominent in the IG. Within-group differences showed that 
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the IG had significant decreases in weight from baseline to 4 months and 8 months 

whereas the CG was only significant at 8 months with a smaller magnitude than the 

IG. However, it is questionable if this is an accurate evaluator of effectiveness in 

nutritional interventions amongst older people. A number of IG participants reported 

that they felt that they were putting on weight, as healthy habits were additions to their 

existing diet rather than a substitute. This was well demonstrated by one participant 

who said “I’m eating what you’re suggesting to me, on top of everything else I eat…I 

thought it would make me healthy but I’m just getting bigger and bigger (P014).” 

Furthermore, stringent record keeping in the researcher notes revealed a multitude 

of reasons why participants appeared to lose or gain weight outside of the RCT. 

Within the IG group, external reasons for possible weight gain included overactive 

thyroid issues and weight gain during colder seasons due to not working on the farm. 

However it was the CG in particular that a wider list of external reasons for weight 

loss emerged, such as undergoing operations during the trial, ill health, poor oral 

health, increased activity during warmer seasons and bereavement. Another key 

influencer to both weight and fat mass was the sedentary lifestyle that was reported 

by many participants which is recognised to both be a reason and consequence of 

obesity, in spite of a healthy diet (Inelmen et al., 2008). It therefore is perhaps more 

important to place a greater focus on clinical or functional benefits (e.g. improvement 

in micronutrient status or lean body mass).  Unfortunately, in the case of this study, 

body composition measurements were only brought in half way during the trial to 

examine if there was a sarcopenic influence (muscle mass loss) but, as there was a 

large amount of missing body composition data, it is difficult to compare to change in 

weight status or BMI. As it is currently a relatively grey area, future research should 

pool together data that investigates the effect of nutritional interventions on these 

alternative health outcomes (Zhang et al., 2017; Reinders et al., 2018). However, a 

number of barriers to biomarker analysis in this research were missing data and time 

and cost constraints within the means of the study, but also the challenges in 

obtaining blood samples from some participants, and this is known to be more difficult 

in later life. Although Vitamin C samples were able to verify compliance to dietary 

change, ideally a more stringent blood sample analysis or perhaps investigation into 

the use of alternative biological samples altogether to avoid missing data would be 

more coherent going forward. Nonetheless, these samples did illustrate positive 

dietary changes, particularly in F/V intake within the IG. Whilst there were a few minor 

inconsistencies for greater CG gains, overall food intake directly related to targeting 

habit feeding domains saw greater improvement in the IG (Fruit and Vegetables, fibre 

and protein). For fruit and vegetables in particular, the study was powered to detect 
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a daily 1.5 portion (120g) change in the IG at the primary endpoint, which was 

achieved. Although it was evident that some dietary changes were made within the 

CG, it appeared that behaviour sustainability may not have been achieved. For 

example, with regards to fruit and vegetable intake, improvements were made 

amongst both groups at 6 weeks but, in contrast  to the IG, the CG changes appeared 

to be short-lived as old eating habits re-emerged at four and eight months. This 

therefore helps to provide evidence that an increased automaticity of healthy eating 

behaviours may be the route to altering food intake in the long term. 

 

With regard to diet-related questionnaires, starting with the MNA, which demonstrated 

the value of participant benefit through involvement in the study, as almost all that 

were at risk of malnutrition at baseline were of a normal nutrition status by six weeks 

(apart from two in the CG). Despite one participant who was severely affected by 

bereavement within the IG who, as a result, became malnourished during the course 

of the study, greater improvements within the IG were apparent. This was particularly 

prominent when a sensitivity analysis removed this participant, where significant 

differences were observed across follow up time points (eight months borderline). 

Despite these significant IG improvements, it was questioned if the MNA was a valid 

tool for assessing malnutrition or nutritional change amongst the community dwelling 

older people of this study even though the MNA is the most recognised nutrition 

screening tool currently available (Hamirudin, Charlton and Walton, 2016). For 

example, ambiguity of the study’s effect using the tool was notable, particularly as 

many participants reported that they ate healthfully already, meaning optimal diet 

scores in many cases were already observed. Also, diet-related questions were not 

all necessarily directly influenced by the targeting feeding domains within the 

intervention. Further discussion around validity of measuring change was prominent 

from the GNK questionnaire. It was clear that this was a particularly challenging and 

burdensome questionnaire to participants, as suggested by the amount of missing 

data within the GNK data. The questionnaire only detected minor changes in nutrition 

knowledge over time, but this may have been because participants were already 

knowledgeable. The ability to quantify what counts as ‘nutritionally knowledgeable’ 

would further increase the usability of the GNK questionnaire for comparability.  For 

other diet-related questionnaires (e.g. Measure of Satisfaction With Food-related Life 

questionnaire), trends in the right direction suggested greater benefit in the IG. 

Significant benefit for participants within the IG group were observed using the 

SREBQ, which are in line with the idea that habit-based interventions help to improve 
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people’s self-regulatory capacity. This is because the intervention requires them to 

set goals, prepare for and monitor their behaviour (Lally and Gardner, 2013; Kliemann 

et al., 2017).  

 

For other questionnaires, no major differences were found with regards to OHIP or 

IPAQ, however changes were not necessarily anticipated but rather were to confirm 

health outcome measures or dietary changes were not due to changes in physical 

activity or oral health. For example, no eating behavioural differences have been 

reported between individuals with diverging oral rehabilitation treatments (Wallace et 

al., 2018). On the other hand, EQ-5D-5L scores did demonstrate significant 

differences between groups, with the IG showing a worse ability in mobility, to do 

usual activities and experiencing greater levels of pain/discomfort across all time 

points. Such findings may provide hope for older people with a poorer quality of life 

to still possess the ability to initiate and sustain new dietary habits. Yet overall, VAS 

scores appeared to be higher than other community dwelling adults (Borowiak and 

Kostka, 2004). Some VAS scores should be interpreted with caution as at times 

scores differed vastly between appointments when through study visit discussions, 

no change appeared to have occurred. It was also evident that participants outlook 

on their health played a determining factor on the score, which may diminish its 

validity.  Although it was deemed necessary for the basis of an exploratory study, 

overall the high volume of secondary outcomes may not be required in a larger study 

as this was both time and labour intensive (study visits approximately 2 hours each). 

and therefore not realistic in a normal clinical setting  

5.5.5 Strengths 

There are several strengths to this study. Firstly, an innovative, theory-based 

intervention with a robust RCT method was used, which is considered to be the 

gold standard in study design. Applying a systematic and methodological approach 

to design this RCT improved scientific rigour and may act as a basis for other 

researchers planning similar interventions in the future. Uncommon to dietary 

intervention research, this study identified and clearly mapped the component parts 

of the intervention using BCTs, allowing for study replicability.  Another strength of 

this study was that the intervention was delivered within the clinical care setting, which 

provides direct evidence for its effectiveness within clinical practice. However, it also 

considered the individual needs of the target population by helping to remove 

obstacles to completing the research and reduce participant burden by offering home 
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visits. This allowed recruitment of a more diverse sample that will make the trial 

findings more generalisable to an older adult population. It also emphasised the 

importance of accessibility to enable whole population activity for future work. There 

were no major differences between groups at baseline which had a good range of 

demographic characteristics, particularly age, education, relationship and 

employment status. There was a strong representation of males as well. This further 

made the study results relatable to older people within the UK. Overall, the study 

appeared to be widely acceptable to participants which may be testament to the 

good retention rates observed in the trial, particularly for this population group.   

5.5.6 Limitations 

There are a number of limitations to this research, one of which is the questionable 

validity of self-reported adherence using the SRBAI questionnaire. It is debated 

whether individuals have sufficient ability to accurately self‐report on habit strength 

when it requires reflection upon a non-reflective process (Hagger et al., 2015; 

Labrecque and Wood, 2015). However, as the most established measure of 

automaticity to date, it is currently the best suited measure for the purpose of this 

study and does allow for comparability between other research studies. Furthermore, 

self-reporting automaticity may actually convey perception of change, instead of 

actual change amongst individuals. Habit literature may benefit if future research was 

to focus on alternative measures of automaticity that are not self-report dependent. 

Another drawback to the study was that participants were not blinded to their group 

allocation which may have affected their behaviour in the trial and their responses to 

study outcome measures, however blinding in this study was not deemed possible. 

Certain groups within the older adult population may have been under-represented, 

such as ethnic minorities, those with a low BMI and those from deprived backgrounds. 

Unfortunately, this may limit the representativeness of the RCT findings to the general 

population. Representativeness limitations continue as many participants commented 

that they already had a healthy diet before the trial and this, therefore, may have 

introduced volunteer bias as they may have already had an interest in healthy eating. 

Consequently, we may have failed to recruit individuals for whom the intervention 

would have had the greatest benefit, as many in both the IG and CG reported healthy 

baseline diets and consequently often high SRBAI scores for habits from the 

beginning among the three pre-defined targeted behaviours. However, it was 

apparent that some participants may have been healthy in those domains, but could 

have benefited from developing a healthy habit in another area that was not selected 
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e.g. Vitamin D-rich foods. There were also limitations related specifically to analysis 

that require caution when interpreting.  For example, NVivo was not used to analyse 

qualitative discussions or the representativeness of the multiple deprivation index 

which is not meant to be used as an individual measure. There was also missing data 

across some of the outcome measures which also reduces their representativeness.  

5.5.7 PPI Interview amongst Health Professionals   

In order to provide preliminary advice for end stage implementation of a habits-based 

dietary intervention as an extension of oral rehabilitation treatment on older people, 

health professionals with some level of involvement or familiarity in the DENHAB trial 

were interviewed (n=5). As a result, four key themes were identified, which were able 

to shed light on dental practice norms and the attributed limited success of 

interventions within its clinical practice.  

 

The experience of the DENHAB trial for the interviewed health professionals was in 

line with DENHAB participants with regards to its acceptability. An important factor 

identified as well for the advancement of the trial was that it did not seem to have any 

major impact on the normal running of the clinic. When probed on diet and nutrition, 

the dental health professionals reported little to no discussion around the area with 

regards to both advice and recording of nutritional measures. This was limited to 

sugar consumption, only if it was deemed to be of particular oral health concern with 

regards to causing dental caries. However, as there is a major shortage of support 

for malnourished older people within the UK, it seems fitting that dietary advice may 

hold the potential to go beyond sugar recommendations within dentistry to extend to 

more general dietary issues (Malnutrition-Task-Force, 2017). However, targeting 

sugar intake should perhaps also be a future consideration within habit-formation 

research among this population in future studies. Although it is not typically discussed, 

the value of dietary input was recognised by the dental health professionals 

interviewed as it is important to make the most of healthcare professionals’ who 

already have one-to-one contact with individual patients. Although any current 

findings appear to support this type of intervention, major flaws appear to exist in both 

their design and reporting, which highlights the need for further rigorous and 

theoretically-based research (Harris et al., 2012; Mcgowan et al., 2019).  

 

Important barriers to the implementation of a habit-based dietary intervention were 

identified, with the biggest being a time constraint barrier. Those interviewed 
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commented on the lack of spare time to deliver anything additional, stating that there 

was even a push for time advising on oral hygiene. Others commented on more 

optimal times during the working  week when they would be more available. However, 

it should also be brought to attention that, as DENHAB was a preliminary trial, 

outcome measurements were vital for its validation and effectiveness, which clearly 

impacted its time scales. With these outcomes measures omitted, habit-formation 

advice can actually be delivered efficiently and in brief (Gardner, Lally and Wardle, 

2012).  As much clinical practice already occurs in stable healthcare contexts, going 

forward, it would be ideal for this research to tag on to existing dental visits with 

patients. Future research should consider alternative ways of delivering the habits-

based intervention under this scenario. The differences in time constraints between 

dentistry school settings and general practice due to financial gains were also 

highlighted as the more patients treated in general practice, the more money is 

generated. It became apparent that next stage research of the DENHAB trial must 

branch outside of the dental school environment to investigate if this type of 

intervention is both feasible and effective within a routine dental practice setting. As 

there were comments on the growing use of the community dental environment by 

older patients and its suitability to deliver dietary advice, further exploration is also 

warranted. The patient’s time was discussed as a critical element for successful 

implementation. This suggests research on patient acceptance of receiving dietary 

advice from a dental practitioner is needed. Existing evidence of this is optimistic as 

patients have been obliging to general health considerations outside of the dental 

setting norm such as receiving chairside medical screening (Greenberg et al., 2012). 

Although responses were mixed, feedback was generally positive for the dental 

practitioners’ level of feeling comfortable delivering a habit-based intervention. Yet it 

did point to the need for sufficient intervention training, which is a key consideration 

for future resource allocations, similar to systematic review findings of barriers to 

bringing dietary advice into the dental environment (Franki, Hayes and Taylor, 2014). 

It may be an important consideration to eventually incorporate teaching on dietary 

advice into the educational curriculum alongside upskilling existing professionals. 

Additional anticipated barriers that were not discussed in interviews, such as liability 

and funding implications, illustrate that there may be a need for further qualitative 

work if the DENHAB trial was to go forward (Greenberg et al., 2010; Hagger and 

Weed, 2019).  

Interviewed dental health professionals were not short of suggestions for the 

DENHAB research implementation, with a large emphasis placed on who might be 
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best to deliver the intervention. For example, whilst the input of a dietician was 

proposed, the current lack of support from dietetic staff within the NHS, who are 

typically only available on a referral basis, limits this idea (Malnutrition-Task-Force, 

2017). Another suggested medical provider was a GP who P03 deemed as being 

more suitable to deliver dietary advice if it were not achievable within a dental 

environment. There is already a growing emphasis on the role of GPs giving lifestyle 

(including dietary) advice which appears to be accepted by patients (Ashenden, 

Silagy and Weller, 1997; Harris et al., 2012). Perhaps there may be further scope for 

the DENHAB intervention to be delivered in this line of primary care if feasibility 

among routine dental practice is not achieved. However, those interviewed appeared 

to be considerably more optimistic regarding the position of a dental hygienist, which 

seems to be a growing oral healthcare role within the UK. It was commented on that, 

as their engagement with patients often already encompasses a preventive and 

educational component, a hygienist would appear to be the most natural fit for 

undertaking dental setting dietary advice. Although there seem to be favourable 

attitudes towards general health screening and dietary counselling amongst 

hygienists internationally, next stage research should investigate if this job role 

extension would be welcomed by hygienists within the UK (Hayes, Wallace and 

Coxon, 2016; Greenberg, Kantor and Bednarsh, 2017). However healthcare 

professionals’ daily practice may be difficult to change as in actual fact it is considered 

predominantly habitual itself (Nilsen et al., 2012). 

5.6 Conclusion 

In conclusion, the primary outcome of automaticity within this RCT trial demonstrated 

the promising impact of a simple-tasked, theoretical, habit-based intervention for 

older adults. Despite their heterogeneity, the study makes evident the ‘adaptive 

capacity’ of older people to still be able to sufficiently exert dietary behaviour change 

and maintenance (Smith and Parnell, 2008). The unique ability of the intervention to 

tailor eating behaviours to the individual further aided the success of the intervention 

for this population. Nonetheless, some of the secondary outcome findings highlight 

the complexity in observing significant wider benefits in older people. The unknowns 

identified within this chapter open up new research avenues and intervention 

development possibilities that should form the basis of a larger, definitive trial that will 

further develop and refine more effective strategies for dietary change in older people.  
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CHAPTER 6 - THESIS CONCLUSIONS 

 

6.1 Summary of thesis findings  

 

The research presented in this thesis provides a valuable evidence base for a dietary 

intervention grounded in habit theory, eating behaviour maintenance for older people 

and the use of a dental setting to provide dietary advice. This section provides a 

summary of the main findings of this thesis, according to each chapter with a brief 

discussion of the implications of findings where relevant throughout. 

6.1.1 Objective 1 and 2: 

 

1. To conduct a systematic review to identify, critically review and 

synthesize existing intervention studies where oral rehabilitation was 

coupled with a purposeful/intended dietary intervention amongst 

adults, and to examine the impact upon dietary intake (Chapter 2).  

 

2. To conduct a systematic review to investigate oral health status, 

dietary intervention characteristics and BCTs (Chapter 2). 

 

The systematic review of this thesis synthesized literature relating to oral rehabilitation 

coupled with dietary intervention in adults. Nine studies were included with 

heterogeneity in study design involving 526 participants. Meta-analysis was only 

possible with three studies which highlighted its limitations.  

A summary of the key results were as follows: 

 Narrative synthesis identified improvements in at least one aspect of 

participants' oral health (i.e. biting/chewing) alongside at least one positive 

diet/nutrition outcome post-intervention for all studies.  

 Whilst positive diet-related primary outcomes for the intervention groups 

predominantly focused on fruit and vegetable intake, results were only pooled 

for three studies using a meta-analysis. This meta-analysis did not support a 

significant benefit of dietary intervention on fruit and vegetable intake. 

Nonetheless, substantial limitations to the meta-analysis and marked 

heterogeneity left it difficult to draw firm conclusions.  
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 A novel focus of the systematic review was on the behavioural science 

characterization of dietary interventions within this field. However, few 

interventions were theory-based and intervention components were poorly 

described. Yet, there was a suggestion that the greatest gains in dietary 

improvement came from these theory-based interventions. For example, of 

the three studies included in the meta-analysis, two contained an identical set 

of eight identifiable BCTs  which each successfully improved dietary outcomes 

(fruit and vegetable).  

 There was also a high degree of overlap regarding BCTs between these 

aforementioned studies and the third study in the meta-analysis with all three 

studies including the BCTs: self-monitoring of dietary behaviour, instruction 

on how to perform the behaviour, information on the health consequences, 

and delivery of the intervention from a credible source.  

 

6.1.1.1 Systematic Review Implications and Future Research 

To our knowledge, no other reviews of this nature have been conducted with this 

population group. It therefore offers comprehensive insight into the impact of a dual 

intervention focusing on dietary intervention coupled with oral rehabilitation, alongside 

characterization of the behavioural science components of such interventions. 

Further implications of this systematic review and future research are summarised 

below:  

 Although narrative synthesis indicated support for dietary intervention coupled 

with oral rehabilitation on diet, the small number of heterogeneous study 

designs with small sample sizes demonstrated that large-scale, appropriately 

described trial methodologies are needed.  

 Future studies should ideally incorporate more comprehensive and holistic 

dietary assessment measures which are particularly relevant to the aging 

population rather than examining changes in isolated dietary components 

(such as fruit and vegetable intake alone).  

 Future studies should also comprehensively assess macronutrient intake and 

energy intake in order to make an accurate assessment of the impact of any 

dietary intervention on overall diet quality and pattern.  

 Given the epidemiological shift towards greater teeth retention, in the future 

there should be more focus on partially dentate populations for dual dietary 

interventions coupled with oral rehabilitation. 
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Overall, this review provided a basis for purposeful dietary intervention with adequate 

behaviour change strategies, in combination with oral rehabilitation, to help facilitate 

positive dietary change in older adults with partial dentition which. This led onto 

Chapter 3 of this thesis.  

 

6.1.2 Objective 3 and 4: 

 

3. To identify dietary areas of concern among older people to develop a 

habit-based dietary intervention in line with MRC Guidelines for 

developing Complex Interventions (Chapter 3). 

 

4. To conduct qualitative (focus group) research to further develop a 

habit-based dietary intervention in line with MRC Guidelines for 

developing Complex Interventions (Chapter 3). 

 

The overall findings of the review of the literature (Chapter 1) and systematic review  

(Chapter 2) demonstrated older adults who have suffered complete or partial tooth 

loss are at nutritional risk, even once they have received oral rehabilitation. It also 

provided both a theory and evidence base for the development of a robust habits-

based dietary intervention combined with oral rehabilitation for older partially dentate 

adults. As the designing and developing of interventions that encourage behaviour 

change is a complex process, the MRC guidelines for designing complex 

interventions was followed (Craig et al., 2013). Adoption of the low-resource 

framework allowed us to develop a theoretically based dietary intervention with a 

specified proposed causal pathway to modify eating behaviours.  

Firstly, in order to further identify an evidence base for the study, desk based research 

was used to determine the most prevailing areas of dietary concern for the target 

population. This consisted of analysing dietary intake of older adults using the NDNS 

Rolling Programme which allowed the dietary intervention to be best tailored to meet 

the needs of an older adult population group (Public Health England, 2016b). The 

survey highlighted that: 
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 Older people in the UK were not meeting recommendations in fruit and 

vegetable intake, fibre and a number of key vitamins and minerals.  

 They were also consuming too much saturated fat, free sugars and often the 

wrong type of protein (too little oily fish and too much read meat).  

 

As a result of these findings, three healthy eating domains were targeted to test for 

positive dietary habit formation. These domains were fruit and vegetables, 

wholegrains and healthy proteins. The intervention content and materials were 

originally developed and evaluated by McGowan et al. for a previous trial on healthy 

feeding habits for parents (McGowan et al., 2013). This was then adapted using the 

NDNS data to form three healthy feeding habits for older people. Desk-based 

research was also used to further adapt the dietary intervention for an older person 

by providing information on recommended servings, health benefits, budgeting, food 

sources and portion guides, as well as the incorporation of relevant BCTs (Michie et 

al., 2013; Porter, 2016; British Nutrition Foundation, 2018a; NHS, 2018).  

As the MRC framework also acknowledges the importance of following a 

collaborative, multidisciplinary approach, obtaining input from the target population 

was deemed necessary (Craig et al., 2013). This allowed further tailoring of the 

intervention to the needs of older people through consideration of the wider factors 

that may influence their ability to make dietary behavioural changes. Therefore in 

order to inform the development of the intervention materials and procedures, 

qualitative research using focus groups (n=21) were conducted. Areas covered that 

fed into intervention development included investigated the barriers and facilitators to 

healthy eating, the impact of factors that influence food choice and the strategies to 

support older people eating a healthy diet. Focus groups were also used to gain 

feedback on a draft version of the proposed intervention. The findings of these focus 

groups are summarised as follows: 

 During focus group discussions, there were twelve themes related to barriers 

and facilitators of healthy eating that fed into intervention development.  

 Themes of barriers to healthy eating included contradictory/ confusing 

information, attitudes towards healthy eating, oral health, appetite, family and 

living circumstances and food labelling.  

 Facilitators of healthy eating included nutritional knowledge, nutritional 

supplements, retirement, convenience foods, physical health and the food 

industry.  
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 When researchers asked participants for feedback on the intervention 

materials to explore issues of design, five key themes emerged that fed into 

further intervention development. These five themes included habit 

suggestions, habit variety, intervention booklet acceptability, intervention 

booklet suggestions and food clarity.  

 Conducting this qualitative research confirmed that a face-to-face tailored 

dietary intervention focusing on three healthy habits was considered 

acceptable and was welcomed by older adults. 

 A number of minor changes were purposed to adapt the intervention further 

to an older population. These changes were primarily around formatting, 

clarity and updates to the habit examples.  

 

Engagement with an older adult population for evaluation prior to implementation 

allowed for the development of a theory, evidence-based and user-driven intervention 

with a standard that was deemed sufficient to undergo a feasibility study (Chapter 4).  

 

6.1.3 Objective 5: 

5. To test the feasibility of the developed habit-based dietary intervention 

in a small non-randomised study (Chapter 4). 

 

A feasibility study was conducted in order to adhere to the guidance provided by the 

MRC framework which highlights the importance of evaluating the feasibility of 

complex interventions (Craig et al., 2013). The purpose of testing for feasibility in this 

study allowed for key uncertainties identified during the intervention development 

(Chapter 3) to be examined in order to advise for the Phase 3 RCT appropriately. This 

specifically included issues around screening, acceptability, intervention delivery, 

compliance, recruitment and retention and attrition rates. A small non-randomised 

study (n=9) among patients at the Centre for Dentistry was conducted. Participants 

were delivered the habits-based intervention at fortnightly intervals using a 

condensed version of the intervention up to a follow-up period of six weeks. In order 

to test more fully for feasibility, a mixture of qualitative and quantitative methods were 

used. Overall, testing for feasibility of the intervention proved to be highly beneficial 

as exploratory results were extremely useful and positive as highlighted below: 
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 The data indicated that older adults can develop automaticity for healthy food 

choices, as suggested from an increase in automaticity findings and greater 

improvements in food intake around dietary habits.  

 Diet-related questionnaires (MNA, SREBQ, Measure of Satisfaction With 

Food-related Life Questionnaire) supported dietary habit-development 

findings as positive trends were observed across all questionnaires. 

 Minor increases were observed in BMI.  

 A much further insight into habit development was gained using qualitative 

methods that explored individual habit-formation experiences of the 

intervention. Interviews were used to gain feedback to inform refinement of 

the intervention.  

 Eight themes under two key domains of direct intervention development (high 

acceptability, nutritional education, wider benefits, RCT considerations, 

intervention barriers) and experience of behaviour change (habitual 

language, process of habit-formation, use of prompts to aid habit formation, 

habit intentions) were generated.  

 Upon reflection of both qualitative and quantitative findings, a number of 

considerations and direct changes were required to effectively tailor the 

intervention to the needs of an older population in order to aid successful 

implementation (see Table 4.12 for Phase 2 refinement changes). These 

iterative changes included refinement to screening and recruitment 

strategies, study measures, intervention delivery and study materials.  

 

Overall, testing the feasibility of the intervention identified the acceptability of the 

study. It generated promising results, highlighted changes required and some 

potential challenges that all warranted further investigation in an adequately powered 

RCT.  
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6.1.4 Objective 6 and 7: 

 

6. To test whether a habit-based dietary intervention in combination with oral 

rehabilitation is effective in producing increased self-reported automaticity 

for healthy food choices in a RCT (Chapter 5). 

 

7. To test whether a habit-based dietary intervention in combination with oral 

rehabilitation is effective in improving dietary intake; nutritional status; 

food-related well-being; oral health-related quality of life; knowledge of 

diet-disease relationships; anthropometric measurements; blood 

pressure; muscle strength; physical activity; quality of life and biomarkers 

of nutritional status in a RCT (Chapter 5). 

 

 

After identifying the feasibility of the intervention among elderly people in a dental 

setting, a RCT was conducted. A range of recruitment methods were used to recruit 

57 participants with eight dropouts. A variety of questionnaires, anthropometry, health 

outcomes, food diaries and biomarker measures were used amongst both the IG and 

CG. Whilst the IG received additional fortnightly study visits initially to deliver the 

dietary intervention, both groups were followed up until eight months in order to 

investigate behaviour change maintenance. Results of this RCT are summarised 

below: 

Habit Findings 

 Significant differences were observed in the primary outcome measure of 

habit-forming automaticity (using SRBAI scores), which was consistently 

higher within the IG compared to the CG at all follow-up visits compared to 

baseline.  

 Statistically significant differences were continued for the primary outcome 

measure with regards to generic automaticity. Increases in SRBAI scores in 

both groups were observed at all time points from baseline, with consistently 

higher changes in the IG.  

 Adherence to newly formed habits appeared to be high in all three behaviours 

for the IG, as demonstrated by the number of days participants reportedly 

carried out/enacted their healthy habit.  
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 Conducting a sensitivity analysis that adjusted findings to be in accordance 

with the original automaticity scale, observed no significant analytical 

differences for both IG automaticity and generic automaticity.  

 Intention and planning scores, contradictory to established habit research 

remained higher in the IG compared to the CG when habits became more 

developed. 

 For the IG’s newly formed habits, differences were observed in habit 

characteristics, the time it took IG participants to fully develop their habits and 

the variation in how strong the habit became.  

 Other influencing habit-forming factors included adherence and timing of 

assessment appointments, lapses in practising the behaviour, seasonal 

issues and participants struggling to fully comprehend the habit formation 

concept.  

 Qualitative analysis of post-intervention interviews within the IG, revealed 

thirteen themes across two key domains. Themes fell under either the domain 

related specifically to intervention development or the domain related to 

experience of behaviour change via participating in the intervention.  

 Intervention development themes consisted of rationale for habit non-

compliance; rationale for habit compliance; enjoyment of dietary programme; 

health benefits; nutritional education; wider benefits; and future 

considerations.  

 Experience of behaviour change key themes consisted of habitual language; 

process of habit-formation; habit adherence; ease of adopting habits; and 

logging habits. 

 Qualitative analysis of post-intervention interviews within the CG revealed 

three key themes consisting of dietary changes/ or lack of; rationale for making 

or not making dietary changes; and external dietary influences.  

 Overall feedback (through evaluation questionnaires and interviews) 

demonstrated that the dietary intervention was widely accepted and appeared 

to be well fitted to an older adult population. This included randomisation to 

the CG which shows the potential of a habit-based intervention as a 

supplement to interventions that adopt a more educational approach.  
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BCTs 

 Although considerably more BCTs were implemented within the IG, upon 

evaluation, the role of BCTs on dietary change was apparent for both the IG 

and CG.  

 Overall, pre-established BCTs amongst the IG proved to show greater 

automaticity benefits as dietary changes observed in the IG appeared to be 

habitual in nature who spoke with habitual language (during qualitative 

interviews) as opposed to the CG. 

 A number of unintended BCTs outside of the embedded BCTs delivered may 

have featured and influenced findings amongst both groups.   

 

Secondary Outcomes 

 Starting with health outcomes, results were relatively insignificant between 

groups yet trends favouring the IG were often observed. There were, however, 

within-group differences which demonstrated significant weight loss for the IG 

(from baseline to four months and eight months). There was significant weight 

loss within the CG (only significant at eight months) but this was of a smaller 

magnitude than the IG. 

 Food intake directly related to targeting feeding domains saw greater 

improvement in the IG across all follow-up times points. Whilst there were 

minor mixed findings for a few nutrients and food intakes, overall greater 

nutritional gains were reported amongst the IG compared to the CG. Some 

dietary changes made amongst the CG appeared to be short-lived such as 

fruit and vegetable intake which highlights the ability of CG BCTs to make 

changes but the lack of habitual nature to sustain behaviours. This shows that 

perhaps greater automaticity is the route to maintaining new eating 

behaviours that are more in line with dietary recommendations.  

 An improvement in vitamin C status using blood samples was observed 

amongst the IG. Although not statistically significant, there were positive 

changes in Vitamin C at each time point for those in the IG and negative 

changes for those in the CG.  

 With regard to diet-related questionnaires such as the MNA, involvement in 

the study showcased benefits across DENHAB participants as almost all that 

were at risk of malnutrition at baseline were of a normal nutrition status by 6 

weeks. Significant improvements within the IG across all time points other 
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than eight months (borderline non-significant) were observed (using a 

sensitivity analysis).  

 For other diet-related questionnaires such as the Measure of Satisfaction With 

Food-related Life questionnaire, trends were also in the right direction at all 

time points demonstrating greater benefit to the IG.  

 Some significant differences were found (at six weeks and eight months) 

favouring the IG group using the SREBQ which showed that habit-based 

interventions may aid self-regulatory capacity improvements.  

 No differences were apparent amongst the GNK questionnaire. However 

validation issues were a prominent feature of the questionnaire.  

 Outside of diet-related questionnaires, only differences amongst the EQ-5D-

5L scores were observed which illustrated the IG’s worse mobility, ability to 

do usual activities and experiencing greater levels of pain/discomfort. 

However it  also signified their capacity to sustain new dietary behaviours even 

with a poorer quality of life.   

6.1.4.1 RCT Implications and Future Research 

A significant change on the primary outcome of automaticity was achieved which may 

act as an initial basis for the potential success of a simple and theoretical habit-based 

dietary intervention for older adults. With regards to secondary outcome measures, 

the study has illustrated some key gaps requiring investigation which may help to 

communicate more clearly the overall effects of this intervention. This RCT has also 

identified intervention development possibilities that may aid further uptake of dietary 

behaviour change amongst older people. These identified unknowns should now form 

the basis of a larger trial which consists of a greater sample size across multi-centres, 

expanding beyond an older Northern Irish population. Some of the key areas 

identified within this RCT that should be incorporated into this definitive trial include: 

 

 To target certain groups within the older adult population that may have been 

under-represented, such as ethnic minorities, those with a low BMI and those 

from deprived backgrounds. 

 To investigate including a less stringent eligibility criteria with Type 2 Diabetics 

to aid recruitment challenges. 

 To investigate where participant burden can be minimised in order to 

maximise attrition rates. 
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 To investigate if alternative measures of automaticity that are not self-reported 

can be used. 

 To investigate the direction of habit–intention interactions. 

 To investigate the use of further prompt reminders to aid behaviour change 

for older people who may be experiencing memory loss. 

 To further investigate the role of variation in habit characteristics on both 

habitual instigation and maintenance. 

 To take more stringent record keeping in the researcher notes, particularly in 

the areas of behaviour goals and characteristics of habit.  

 To investigate the mechanisms underlying habitual responses and individual 

variations that contribute to automaticity. This may provide insight into the 

varying strategies required to alter habits amongst different individuals. 

 To establish more accurate and robust evaluators of effectiveness in 

nutritional interventions and markers of healthy ageing amongst older people 

such as clinical or functional benefits. 

 To collect body composition data from the onset of the trial. 

 To conduct a more stringent blood sample analysis or perhaps investigation 

into the use of alternative biological samples. 

 To incorporate a cost-effectiveness analysis to further develop quality of life 

findings.  

 To conduct a process evaluation as MRC guidelines illustrate the importance 

of understanding how the intervention actually causes change, so that weak 

links in the causal chain can be identified and strengthened (Moore et al., 

2015). 

 

 

6.2 General Thesis Strengths and Limitations  

 

Whilst specific strengths and limitations are discussed within the relevant discussion 

sections of each chapter, a broader consideration of the overall key strengths and 

weaknesses of this thesis will now be addressed.  

6.2.1 Thesis Strengths  

 

The major strength of this thesis is that it evaluates the feasibility of a habit-based 

dietary intervention to a novel population group of older adults. The study took into 
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account the ability of ageing to affect older people differently in the design of the 

intervention by tailoring to the individual needs and capabilities of the participant. This 

thesis consists of research using a range of research methods, including a literature 

review, systematic review, qualitative development study, feasibility study and a RCT. 

The study has also benefited from being a multidisciplinary project which has gained 

input from dental professionals, nutritionists, behavioural psychologists and 

statisticians in order to address an important public health issue within the ageing 

population. The systematic review undertaken in this thesis was the first of its kind to 

attempt to condense the impact of oral rehabilitation and dietary advice on nutritional 

status within the dental setting. This therefore provides a useful basis which has 

identified key areas for future work within this field. To our awareness, it is the only 

oral health intervention trial that has been developed and tested in accordance with 

MRC guidelines. Developing the DENHAB intervention using MRC guidance for the 

development of complex interventions provided the use of a systematic approach 

which allowed appropriate refinement to best aid implementation of the RCT. 

Following this pathway not only provided evidence of the effectiveness of the trial but 

also produced a replicable intervention that may benefit future habit research. The 

use of an RCT design is a useful addition to habit literature as it is considered to be 

the gold standard (Hariton and Locascio, 2018). The addition of health professional 

input for preliminary implementation feedback will inform the appropriateness of 

further feasibility and testing required to educate of the requirements for uptake within 

clinical practice. Overall, the research presented within this thesis is a valuable 

addition to the evidence base for sustainable dietary interventions amongst an older 

adult population and points to the knowledge gaps within this research area required 

to achieve further meaningful impact. 

6.2.2 Thesis Limitations  

 

Although there was no alternative, a key limitation of the DENHAB study was having 

a self-reported primary outcome measure. However, to compensate for this a large 

variation of outcome measures were used to verify primary outcome findings. Novel 

measures of habit strength that move outside of self-reporting of automaticity would 

be a major development within habit research. A recognised limitation for all healthy 

ageing enhancing intervention studies is the lack of reliable markers as study 

outcome measures which may dilute overall intervention impact. However this equally 

highlights the requirement for new healthy ageing avenues (Mathers, 2013). Another 
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drawback of the overall DENHAB study is that only community-dwelling older adults 

and not those who were institutionalised were included in the sample who have been 

shown to be at even greater risk of malnutrition (Brownie, 2006; Dent et al., 2012). 

However, it should be stressed that the feasibility of an intervention within this setting 

would have been unquestionably difficult to implement. Subsequent dietary 

intervention work would therefore need to target those that are most vulnerable to 

malnutrition and within the hardest to reach older adult communities. Further 

representativeness of older people may have been hindered with possible volunteer 

bias of the study participants, particularly in a school of dentistry setting where they 

are seemingly grateful for receiving free dental care and may have felt more obliged 

to participate. The occurrence of missing data among some of the outcome measures 

restricted the validity of some of the study’s findings. Limitations were also presented 

due to the time and cost constraints of this study within a PhD timeframe such as 

further blood analysis.  

 

6.3 Overall Implications and Future Research 

 

The research outlined in this thesis has been influential in working towards the 

established public health goal of developing approaches to healthy ageing through 

improving nutritional status. It has provided a key contribution for the evidence base 

of habitual interventions and achieving long-term behaviour change amongst older 

people that could be useful for other researchers. It has also highlighted a number of 

important factors to consider that may inform the future of dietary intervention studies 

within this field. It was evident from the systematic review presented in this thesis 

(Chapter 2) that there is a need for large-scale studies with appropriately described 

trial methodologies in the field of dual dietary intervention coupled with oral 

rehabilitation. There should also be a greater focus on more comprehensive 

assessment of nutritional status and on partially dentate populations.  

 

The RCT presented in this thesis has provided support for a theoretical habit-based 

dietary intervention to help older people exert long-term behaviour change 

maintenance. The trial has shed light on the expanding recruitment strategies and 

outcome measures required to inform next stage research. It has highlighted the need 

for rigorous investigation of factors that were unable to be conducted within the limits 

of the original trial and further refinements required to the intervention design. It has 
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also demonstrated gaps within the habitual literature and the need for more robust 

markers of effectiveness of healthy ageing. It is hoped that these identified unknowns 

will led to a larger and more definitive trial to demonstrate more compelling trial 

findings. It would be anticipated that this trial would be undertaken across multiple 

sites and stretch beyond a Northern Irish population. 

 

The most challenging and notoriously difficult task however is implementing the end 

stage goal of translating this research evidence into routine clinical practice (Johnson 

and May, 2015). Whilst behavioural interventions can be effective in ‘real world’ 

contexts, the evidence on how best to implement them beyond initial investment and 

how to engage the appropriate stakeholders is lacking (Hagger and Weed, 2019). 

The onus is on the researchers producing the evidence to actively convince their 

stakeholders and lay out a framework for sustainability beyond their assignment. It 

would be anticipated that the DENHAB trial may act as a starting point within the 

clinical health care profession to be a useful tool for incorporating evidence-based 

dietary advice into encounters with their patients. Future work as part of a larger 

scaled trial should seek to investigate the feasibility and acceptability of health 

professionals themselves delivering the DENHAB intervention; the adaptations 

required to the intervention itself to survive in a clinical care setting; the most fitting 

health profession personnel to deliver the intervention; and the most ideal clinical care 

environment for its delivery. Overall, it is hoped that the work of the original DENHAB 

trial and its anticipated future development may one day help to be burden-reducing 

to an already overstretched health service.  

6.4 Conclusion  

 

This thesis aimed to develop, test for feasibility and trial a theoretical habit-based 

dietary intervention coupled with oral rehabilitation on older people. It demonstrated 

the need for nutritional interventions with long-term behaviour change to promote 

healthy ageing. It systematically gathered the current evidence on the effect of dietary 

advice in combination with oral rehabilitation to further formulate a basis for the 

DENHAB intervention.  This evidence base supported the design and development 

of a tailored habit-based dietary intervention through a rigorous and systematic 

approach. A feasibility  study was then conducted which confirmed the intervention’s 

acceptability and identified key areas of refinement required in order to develop a 

robust RCT. The RCT demonstrated significant impact for the support of a simple, 
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effective intervention with the realistic potential for long-term impact. It highlighted key 

considerations for more definitive trial research that will further help in the 

advancement of the science of habit, the optimization of future habit‐based 

interventions and long term dietary behaviour change in older people. Now lies the 

major challenge to continue in the advancement of this habit-based intervention 

beyond its initial investment that will allow it to be even further refined and tested if it 

is to have any implications on the paradigm shift required within clinical care.  
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