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Abstract  

 

Background: There are a number of factors that can negatively influence dietary 

intake and nutritional status amongst the older adult population, both nationally and 

globally. These can have clear consequences, not only for the individual, but also on 

a wider scale.  It is well recognised that oral health can affect nutritional status and 

dietary intake, however the exact nature of this relationship and whether or not oral 

health would have a similar effect on dietary change, is unclear. A number of methods 

exist to improve nutritional status and modify energy intake. These include methods 

that can be targeted to specific population groups, such as prosthodontic rehabilitation, 

which can improve masticatory performance and overall oral health. There is also the 

need for methods which can be targeted to and implemented by the general population, 

such as modification of eating rate to slow down eating speed. However, whether these 

methods can influence a number of nutritional parameters including energy and 

nutrient intake, nutritional status and appetite measures, is not known.  

Aims: This thesis set out to examine the factors affecting dietary intake, dietary 

change, nutritional status and appetite in older adults, and in particular how oral health 

status can influence nutritional status, dietary change and appetite measures. This main 

aim was broken down into five aims; to examine factors affecting diet in older people; 

to examine the effect of oral health on dietary change; to examine methods of 

improving and evaluating masticatory performance; to examine the relationship 

between masticatory performance and nutritional status; and to examine the effect of 

manipulating oral processing behaviours on appetite and energy intake.  

Methods: This PhD involved: 

1. Exploration of factors influencing dietary intake and adherence to dietary 

patterns amongst older adults in Northern Ireland participating in wave one of 

the NICOLA study  

2. Investigation, amongst adults at a high risk of cardiovascular disease in 

Northern Ireland, of how self-reported oral health status can influence dietary 

change and consumption of Mediterranean Diet-associated nutrients as part of 

a 12-month dietary intervention study (the TEAM-MED Extend study) to 

promote adherence to a Mediterranean Diet  
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3. Comparison of two tooth replacement strategies for partially dentate older 

patients, conventional removable partial dental prosthesis treatment and 

functionally orientated shortened dental arch treatment, in terms of improving 

masticatory performance  

4. Examination of correlations between objective, obtained using a two-colour 

chewing gum test, and subjective, using a self-report questionnaire, methods 

of evaluating masticatory performance  

5. Investigation of how improvements in masticatory performance, as a result of 

removable partial dental prosthesis treatment or shortened dental arch methods 

of prosthodontic rehabilitation, can affect aspects of nutritional status as part 

of a randomised controlled trial in partially dentate older adults  

6. Exploration of the relationship between masticatory performance, measured 

objectively and subjectively, and self-reported appetite measures  

7. Investigation of whether there is a combined effect of manipulating oral 

processing behaviours, through consumption of foods differing in texture 

classified as “fast” or “slow” foods, and verbal instructions to chew slowly, on 

self-reported appetite measures and energy intake later in the day as part of a 

randomised crossover breakfast study  

Results: A number of factors were found to be associated with lower fruit and 

vegetable intakes, lower adherence to healthy dietary patterns and higher adherence to 

unhealthy dietary patterns in a cross-sectional analysis of wave one data from the 

NICOLA study. These included being male, aged under 65, having a lower level of 

education, having a higher BMI, smoking, not being married, living alone, being 

widowed, having poor self-reported health or a long-term condition. However, the 

relationship between these factors and their influence on dietary intake and adherence 

to dietary patterns was not consistent (Chapter 2). Methods of improving and 

evaluating masticatory performance were compared; functionally oriented 

prosthodontic rehabilitation based on the shortened dental arch method was shown to 

improve masticatory performance to an equivalent standard as the more commonly 

used conventional removable partial dental prosthesis treatment (Chapter 4), however 

no correlation was observed between objective (two-colour chewing gum) and 

subjective (self-report questionnaire) methods of evaluating masticatory performance 

(Chapter 5). Self-reported oral health status was shown to have an influence on daily 

intakes of Mediterranean Diet-associated nutrients in response to an intervention to 
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promote adherence to a Mediterranean Diet, including fat and monounsaturated fatty 

acids, but not Mediterranean Diet Score (Chapter 3).  Associations were observed 

between methods of evaluating masticatory performance, and certain appetite 

measures (Chapter 5). Improved masticatory performance, through prosthodontic 

rehabilitation, was not a predictor of improved nutritional status, however certain 

nutritional parameters did improve 12 months post-prosthodontic rehabilitation 

(Chapter 4). Combining methods to manipulate oral processing behaviours, such as 

bite size and number of chews per bite, was not found to have an effect on appetite 

measures or daily intakes of energy or nutrients, however associations were observed 

between these and specific oral processing behaviours (Chapter 5).  

Conclusion: There are a number of factors that can influence dietary intake and 

adherence to dietary patterns amongst older adults in Northern Ireland. However, these 

factors may not have a consistent effect across both dietary intake and adherence to 

dietary patterns, and different measurements of the same age-related factor can result 

in varying degrees of influence on diet. Prosthodontic rehabilitation according to the 

shortened dental arch, which has been shown to improve oral health related quality of 

life and is acceptable to both clinicians and patients, was shown to improve 

masticatory performance to an equal standard as removable partial dental prostheses, 

and as these have a number of limitations, the adoption of shortened dental arch-based 

treatment in future clinical practice should be encouraged. As no correlations were 

observed between objective and subjective methods of evaluating masticatory 

performance, it would call into question the effectiveness of subjective methods in 

future work. Inconsistent relationships between oral health status and dietary change 

were observed, with self-reported oral health status influencing intakes of certain 

Mediterranean Diet-associated nutrients but not Mediterranean Diet Score. 

Prosthodontic rehabilitation was shown to improve masticatory performance; 

however, this was not a predictor of improved nutritional status, highlighting the 

potential need for a combined approach of dental treatment and dietary counselling. 

Although there was no observed combined effect of manipulating oral processing 

behaviours, through verbal instruction to chew slowly and modifying food texture, on 

energy intake and appetite measures, associations were observed between specific oral 

processing behaviours and certain appetite measures and nutrient intakes, therefore 

these should be the focus of future work in this area. The exact nature of the 

relationship between masticatory performance, oral health status, nutritional status and 



vi 
 

dietary change still remains unclear, and highlights the need for future intervention 

studies, carried out amongst older adults, incorporating multiple tools to assess oral 

health and diet.  
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1.1 Review of the literature  

 

1.1.1 Ageing population globally 

 

This chapter will include a general review of the relationship between dietary intake 

and nutritional status and ageing, including specific factors and issues common 

amongst older adults that may negatively influence dietary intake and nutritional 

status. This will be followed by a specific focus on certain strategies that can be used 

to improve nutritional status or modify dietary intake that are relevant to this thesis.  

The trend of an ageing population is projected to continue, as can be seen in Figure 

1.1 (1–4). As of 2019, one in eleven people globally were over the age of 65, and this 

is set to increase to one in six people by 2050, encompassing approximately 1.5 billion 

people and nearly one sixth of the population (5,6). 

 

 

 

 

Figure 1.1 Population demographic trends 1950-2100.United Nations, 2015 

Figure 1.1 has been reproduced from World Population Ageing by the Department of Economic Social Affairs Population 
Division, © 2015 United Nations. Reprinted with the permission of the UN. 
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The increase in the ageing population is not just limited to higher-income countries, 

occurring as a result of reduced fertility rates, lower immigration rates and significant 

increases in life expectancy, as seen in Figure 1.2 (2,5).  Within lower-income areas 

such as Latin America and the Caribbean, in the next 15 years, the population over 60 

years (y) has a projected increase of up to 71%, and, even Africa, with the youngest 

country age distribution, will also see an increase of up to 64% in this population age 

group in the same timeframe (4). These increases are as a result of reduced mortality 

rates, arising from better healthcare facilities and advances in medicine in these 

regions, and it has been reported by the United Nations (UN) that the increase in life 

expectancy at birth seen for people in these countries is two-fold higher than increases 

in higher income countries (2,4). This, combined with up to 41% increases in life-

expectancy in higher income countries (4), poses a major public health issue.  

There is a decline in general health with increasing age and an increased usage of 

health and social services compared to other age groups (7,8). However, it is worrying 

to note that although population increases are to be seen globally, there will not be an 

equal increase in healthcare expenditure, with at least 35 lower and lower-middle 

income countries not expecting to meet the international benchmark for healthcare 

spending now or in the future (9).   

 

Figure 1.2 Life expectancy at birth for the world and regions, 1950-2050, United 

Nations, 2015  
Figure 1.2 has been reproduced from World Population Ageing by the Department of Economic Social Affairs Population 

Division, © 2015 UN. Reprinted with the permission of the United Nations.  
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Globally there is heterogeneity surrounding ageing, both in the age range described by 

the term ‘older adult’, as well as their functional capabilities and overall health status. 

A 2014 review found that, amongst the older American population, there were large 

differences in self-reported quality of life, not only between different age groups but 

also among older adults in the same age group (10). An older adult in their sixties may 

have very different functional abilities, quality of life and health status compared to 

someone in their eighties or nineties, as might be expected, but this heterogeneity can 

be found between adults also in their sixties. Therefore, simply looking at 

chronological age is not an effective enough measure of explaining the ageing process, 

and this needs to be taken into consideration when new health policies and approaches 

are being developed.  

 

1.1.2 Nutritional status and dietary intake amongst older adults  

 

Nutrition is a key overarching theme when considering overall health and wellbeing 

for any age group, however it is of notable importance for older adults, as there are 

situations throughout the ageing process where eating behaviour and dietary intake 

can be compromised, reducing diet quality and potentially impacting overall health 

(11–16). Optimal nutritional status can not only benefit older adults, through 

decreasing the incidence and progression of chronic disease, but can also promote 

physical functioning and the ability to remain independent to live a healthy, fulfilled 

life (17,18).  

According to the National Diet and Nutrition Survey (NDNS), older adults in the 

United Kingdom (UK) are not consuming the recommended number of kcal per day, 

with mean daily intakes of energy for all age and sex groups below the estimated 

average requirements (19). It was also observed that only 31% of men and 32% of 

women aged between 65 and 74 y and 18% of men and 20% of women aged over 75 

were meeting the 5-a-day fruit and vegetable recommendation (19). Furthermore, 

intakes of oily fish were not meeting recommendations; with mean daily intakes of 

oily fish well below the recommended 140g per week, with mean intakes of 17g and 

12g for males and females aged 65-74 y (19).   
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In particular, total energy intake has been shown to decrease by up to 1000 kcal in 

men between the ages of 20 and 80 y (20,21).  It has also been observed that up to 

84% of older Irish women were not meeting the recommended daily intake for Vitamin 

D (22), whilst 34% of men and 57% of women aged 65 to 74 y in the UK were 

consuming less than the lower reference nutrient intake (LRNI) for selenium, up to 

11% and 27% of older adults consuming less than the LRNI for calcium and 

magnesium respectively (19).  

On a global scale, nutrient deficiencies in older populations have also been reported, 

most commonly in Vitamin D, thiamine, folate and calcium (23–26). Vitamin D is a 

particular issue in the older adult population; with high numbers being deficient (27–

29). A systematic review conducted in 2015 observed a high prevalence of a number 

of micronutrient inadequacies amongst community-dwelling older adults; in particular 

thiamine, riboflavin, Vitamin D, calcium, magnesium and selenium (26).  

As previously mentioned, older adults are a heterogeneous group spanning a wide age 

range, and a wide range in physical functioning capabilities. There is now a clear trend 

in the ageing population; the number of ‘older’ older adults (i.e. those aged 80 y and 

over) are increasing, with current trends in global population growth showing that the 

number of persons in this age group is projected to increase more than threefold 

between 2017 and 2050, rising from 137 million to 425 million (30). Possibly due to 

age-related factors such as polypharmacy and multimorbidity, this will have 

consequences on aspects of health care specific to older adults, including food-based 

dietary guidelines and dietary reference values. Therefore, as the ‘older’ older adult 

population continues to increase, to ensure that their specific nutritional needs are met, 

these guidelines may need to be further stratified into ‘younger’ and ‘older’ older 

adults.  

 

1.1.3 Consequences of impaired nutritional status 

 

A number of consequences of impaired nutritional status exist, not only for the 

individual but such impaired status can also impact larger scale health care systems. 

For some of these issues, in particular frailty and sarcopenia, their relationship with 

dietary intake is complex; there may be certain factors or conditions that can occur as 

a result of poor diet, however the factor or condition itself may also further affect 
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dietary intake. The issues that can arise for the individual from poor nutritional status 

are discussed further below.  

 

1.1.3.1 Malnutrition 

 

Malnutrition is defined as a “state of nutrition in which a deficiency or excess (or 

imbalance) of energy, protein and other nutrients causes measurable adverse effects 

on tissue/body (body shape, size and composition) and function and clinical outcome” 

(31). This definition is broad and therefore encompasses both under- and over-

nutrition; however, in the older population the term malnutrition is usually considered 

as undernutrition and is a serious multifactorial issue for this population group (32). 

Statistics from 2015 noted a substantial increase (up to 57%) in hospital admissions 

amongst individuals aged 65 to 69 y (33), and it has been observed by Russell and Elia 

that nearly one third of older patients are classed as at risk of malnutrition upon 

hospital admission (34). As malnutrition is a serious issue in the older population this 

is worrying to note as findings from Guest et al (35) observed that patients with 

malnutrition had a three day longer hospital stay compared to well-nourished 

individuals, as well as seeing their general practitioner (GP) twice as often and being 

admitted to hospital three times more often.  

Malnutrition amongst the older adult population can be influenced by factors such as 

underlying illness, age, socioeconomic status and a lack of nutritional monitoring, as 

suggested by reports from Germany, Portugal and Australia (36–38). Within the care 

home setting, the prevalence of malnutrition can reach up to 45% in some areas of the 

UK (39), 50% in areas of Iran (40) and 49% in parts of Australia (41). These patients 

are often given dietary advice, however, the effect of such advice on nutritional intake 

and status is not well documented (42). Emerging evidence has also suggested an 

increase in the number of unpaid carers for older adults (43). Nutritional status and 

wellbeing of patients with unpaid carers may prove to be more difficult to ascertain, 

which may pose a growing problem, given such an increase.  

Malnutrition can pose a number of issues not only for the older adult individually, 

such as a reduction in quality of life, a greater susceptibility to infection and increased 

morbidity and mortality, but can also place further burden on already-strained global  
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healthcare systems, due to increased costs from hospital stays and medication use 

(15,39,44–47).  

 

1.1.3.2 Obesity  

 

As previously stated, the definition of malnutrition includes both nutrient deficiencies 

and excesses, and therefore includes obesity. Data from the National Health and 

Nutrition Examinations Survey (NHANES) has shown a linear increase from 1999 to 

2016 in body weight, waist circumference and body mass index (BMI) for both males 

and females (48) and new evidence from the United States (US) has demonstrated a 

shift towards obesity and higher calorie and fat diets among the older population, as 

well as higher waist circumferences and waist to hip ratios when compared to younger 

adults (28,48–52).  

Although there are a few protective effects of obesity amongst the older adult 

population, such as a reduced risk of developing osteoporosis (53), these are greatly 

overshadowed by the ways in which obesity can negatively impact health and 

wellbeing, including a decline in physical function, increased risk of chronic disease, 

and increased risk of psychological and social issues (51,54,55).  It has also been 

observed that, although obese individuals consume higher than recommended calorie 

intakes, they display higher rates of micronutrient deficiencies than those who are not 

obese (56).  

 

1.1.3.3 Reduced dietary variety 

 

Dietary variety (DV), as defined by Maslin et al in 2016 (57), is the “number of 

different foods or food groups consumed over a given reference period” and is widely 

thought to be positively associated with dietary quality. Amongst older adults, 

improved nutrient and food intakes have been associated with a greater DV (24,58–

60), however globally, older adults have been shown to have a reduced DV (61,62). 

This is particularly concerning as DV, particularly of fruits and vegetables, has been 

associated with a reduced risk of several chronic diseases, including type 2 diabetes 

mellitus (T2DM), as well as reducing utilisation of health care services (63–65).  
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In older people, many factors are associated with reduced DV, in particular of fruits 

and vegetables. These include lower household income, socioeconomic status and 

economic disadvantage, reduced social interaction, either through bereavement or 

having limited contact with relations, reduced appetite, and a lack of access to 

transport, high quality food products and adequate kitchen facilities, such as kitchen 

appliances and equipment to facilitate ease of cooking (17,62,66). These economic 

factors in particular were associated with quality, rather than quantity, of fruit and 

vegetable consumption (62).  

 

1.1.4 Factors affecting diet and nutritional status in older adults  

 

Previous diagrams have been developed, such as those by Shlisky et al (67) and Bloom 

et al (68) , detailing the complex relationships between the factors involved in and the 

positive and negative age-related influences on nutrition, appetite and diet quality. 

Although the diagram by Bloom et al(107) briefly mentions the food environment in 

terms of how this can influence food-related habits and diet quality, it does not go into 

detail about what specific elements of the food environment, or food-related factors, 

might influence diet quality. Similarly, both this diagram and that by Shlisky et al(106) 

include influences on nutritional status and dietary intake however the consequences 

that these might have, either for the individual or on a larger scale, are not mentioned.  

These models have helped to shape the design of Figure 1.3; which details the wide 

range of complex factors which can affect an older person’s diet and can lead to 

reduced diet quality and potentially malnutrition. This diagram separates and mentions 

in more detail food-related factors and other factors, including social, economic, and 

psychological factors, as well as health status and health behaviours, and describes the 

way in which they can negatively influence nutritional status, through reductions in 

nutrient intake and dietary variety. It also details the potential consequences of 

impaired nutritional status, including malnutrition and obesity, and also that this can 

have a global impact on resources and health inequalities. Each of these factors needs 

to be taken into consideration when examining diet in older people and promoting 

healthy eating to encourage healthy ageing. Key factors from Figure 1.3 are explored 

further in the following sections.  
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Figure 1.3 Factors affecting diet and nutritional status in older adults 
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1.1.4.1 Appetite and satiety 

 

Although obesity is a growing public health issue amongst older adults (51,53–55) 

there are a number of changes that occur as part of ageing that have been shown to 

impair appetite and satiety. Furthermore, it is well known that older adults are 

regularly consuming less calories, and potentially as a result of slower gastric 

emptying may feel less hungry and more satisfied after a meal, resulting in a reduced 

energy intake and ultimately an impaired diet quality and variety (15,16,20,21,69–72).  

 

1.1.4.2 Food safety and hygiene practices 

 

As people age, they are at a much greater risk of contracting foodborne illnesses and 

infections, due to a decrease in immune system functioning, co-occurrence of chronic 

disease and deficiencies of nutrients such as Vitamin C, iron and folic acid (73,74), 

and according to the 2015 World Health Organisation (WHO) Estimates of the Global 

Burden of Foodborne Diseases  report, amongst the general population 33 million 

healthy years of life were lost due to foodborne illness (75).  

A report from the WHO stated that adults over the age of 60 were over two times more 

susceptible to developing serious illness from consuming the listeriosis-causing 

pathogen Listeria monocytogenes compared to the general population (76). Therefore, 

it is worrying to note that amongst older adults in the UK, up to 66% were consuming 

foods beyond the recommended two days after opening, alongside other unsafe food 

storage and handling practices, including unsafe refrigeration temperatures and not 

keeping raw and cooked meats separated (77). These issues were magnified in older 

adults suffering from dementia or other cognitive problems, and also in those who live 

alone (78,79), placing them at further risk of contracting foodborne illnesses (80).  

 

1.1.4.3 Health behaviours 

 

A recent systematic review found that unhealthy behaviours, such as smoking, lack of 

physical activity, alcohol consumption and poor diet, often cluster within the general 

population (81). These health behaviours can act as modifiable risk factors for a 

number of chronic diseases; using tobacco, consuming foods high in saturated and 
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trans fats, salt and sugar, physical inactivity and the harmful consumption of alcohol 

have been shown to cause more than two thirds of all new non-communicable disease 

(NCD) cases, as well as increasing the risk of complications amongst those with NCDs 

(82). Amongst older adults, several smaller studies have noted poorer quality diets 

being consumed by those who smoke and consume alcohol to excess (83–90) and a 

cross-sectional study conducted in the Netherlands observed that smoking was 

associated with undernutrition amongst community-dwelling older adults (91). 

However, there is currently a lack of evidence amongst the older adult population to 

suggest if smoking cessation or reducing alcohol intake could lead to improved diet 

quality; therefore, further research is required in this area to determine whether this is 

an area which could be targeted to improve nutritional status in this population group.  

Although research has shown physical activity to slow down the ageing process in 

older populations (92), reduced physical activity levels can often be observed in older 

people; with as many as 64% of adults aged over 65 y not adhering to recommended 

physical activity guidelines (93). Reduced levels of physical activity can be due to 

many reasons, such as avoidance because of pain, fear of falls, increased bed rest, 

hospitalisation, or  conditions such as osteoporosis, Parkinson’s disease and arthritis, 

and this can lead to a reduction in appetite if energy expenditure decreases (32,94–98).  

 

1.1.4.4 Health status 

 

1.1.4.4.1 Physical function 

 

Physical functioning has been shown to decline with age, and this can influence how 

an older adult shops for and prepares meals (21,99).  This may pose a particular 

problem if living in a more rural area with reduced access to transport, especially if 

another person is required to help prepare meals (21). On a global scale, a significant 

percentage of older adults found it difficult to prepare their own meals, shop for 

groceries and carry these home, thereby affecting food shopping and consumption 

behaviour, as well as having issues with food packaging and supermarket layouts 

(100–102). Reduced physical functioning, which can be particularly detrimental in 

individuals in nursing homes, has also been associated with other health issues, 

including risk factors for a number of chronic diseases (103), as well as impairing 
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social interaction and mood. Furthermore, a decline in physical functioning can have 

a major impact on activities of daily living (ADL), which can be measured using the 

Barthel Index (104) . These include “the ability to be able to independently eat, dress, 

walk or transfer from one position to another, bathe, and toilet, and maintaining bowel 

and bladder continence” (105). 

 

1.1.4.4.2 Frailty 

 

A recent consensus report on frailty defined the condition as “a medical syndrome 

with multiple causes and contributors that is characterized by diminished strength, 

endurance, and reduced physiologic function that increases an individual’s 

vulnerability for developing increased dependency and/or death” (106). Frailty can 

affect up to 59% and 80% of older adults in the community and secondary care 

respectively (107,108), and has been linked to risk of falls, hospitalisation, disability 

and mortality (109). Although there is no international standard frailty measurement, 

there are a number of frailty scales used globally. These include the Fried’s Frailty 

Phenotype, which is based of five pre-defined criteria relating to physical frailty; 

weight loss, exhaustion, low physical activity, slowness and weakness (110,111). 

These criteria are then summed to classify an individual as either not frail, pre-frail 

and frail (111).  

The development of frailty can be attributed to a combination of factors, such as 

chronic disease and impaired physical functioning, and several systematic reviews 

have noted the influence of certain dietary factors and malnutrition on frailty in the 

older adult population (112–115). Dietary intake and nutritional status can also be 

negatively impacted by frailty; it can lead to a decline in physical functioning, 

affecting an individual’s ability to shop for and cook healthy meals, and can also 

impair response to certain hormones involved in appetite (116,117).  

 

1.1.4.4.3 Sarcopenia 

 

Sarcopenia, characterised by a progressive and generalised loss of skeletal muscle 

mass and strength (118)  in older adults has been shown to be a notable cause of frailty, 
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impaired physical functioning  and nutritional status, and overall prevalence was found 

to be 10% amongst community-dwelling adults aged over 60 y (112,119–121).  

Evidence from the Netherlands indicated that older adults with sarcopenia had 

differing nutritional status when compared to those who did not; exhibiting lower 

intakes of nutrients including folic acid, Vitamin B6 and magnesium, which is 

concerning as declining nutritional status, particularly in older women, is an 

independent risk factor for sarcopenia progression (122,123). There is evidence on a 

global scale to suggest a relationship between protein intake and sarcopenia in the 

older adult population. Research conducted by Beasley et al in 2014 (124) found that 

dietary sources of protein were inversely associated with loss of lean muscle mass in 

older adults and suggested that interventions to encourage the consumption of protein 

to a level higher than the current Recommended Daily Allowance (RDA) may reduce 

the loss of lean mass that occurs in ageing. Recent research conducted in Korea, Japan 

and the US found that factors such as the maintenance of a healthy body weight, taking 

part in resistance exercise, along with adequate or enhanced intakes of Vitamin D, 

amino acids such as leucine, and protein could reduce the burden of sarcopenia in older 

adults (125–128). 

The increasing problem of obesity amongst the older adult population has led to the 

occurrence of sarcopenic obesity (53), characterised by high levels of fat mass and low 

levels of muscle mass (112). Similarly to sarcopenia, it has been associated with 

functional decline and increased risk of morbidity and disability (128–130).  

 

1.1.4.4.4 Oral Health 

 

The WHO defines oral health as a state “free from mouth and facial pain, oral and 

throat cancer, oral infection and sores, periodontal (gum) disease, tooth decay, tooth 

loss, and other diseases and disorders that limit an individual’s capacity in biting, 

chewing, smiling, speaking and psychosocial wellbeing” (131).  

One of the most notable consequences of exponential population ageing and growth, 

is the marked increase in the burden of oral health disease. Disability adjusted life 

years (DALYs) have increased by 20% in the last 20 years (132) and the Global 

Burden of Disease 2010 Study reported that these oral health issues, such as 
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periodontal disease and tooth loss, accounted for 15 million DALYs, and they have 

been recognised as a worldwide epidemic and a major public health problem (133).  

It has been estimated that chronic oral health diseases affect at least 3.58 billion people 

globally (134), and these have been linked to issues surrounding general health, such 

as diabetes (135,136). However, these issues can not only impact an older adult 

physically but can also negatively affect quality of life and social interaction (137–

139). Research conducted by Griffin et al (2012) found that tooth loss resulted in 

reduced self-esteem, limited social interactions and inhibited intimacy (140). This may 

prove to be particularly detrimental to older people who may already feel isolated from 

others, perhaps due to bereavement or lack of mobility. A study conducted in Canada 

published in 2012 found a potential relationship between perceived oral health and 

social interactions amongst institutionalised frail older adults (141), however further 

research is required in this area to better understand these findings.  

In 2010, direct treatment expenditure associated with dental diseases amounted to 

US$298 billion, corresponding to 4.6% of global health expenditure, and when 

indirect costs, such as productivity losses, were taken into consideration it created a 

total cost of US$442 billion (142). With the burden of oral health issues in older adults 

set to increase in the coming years (133), one can only assume that expenditure will 

also, and this will place an extreme burden on already-strained healthcare systems.  

 

1.1.4.4.4.1 Dental and root caries 

 

Although it is commonly portrayed in the media that only children are affected by 

dental caries, older adults are also at risk. In older adults, root caries  is a major cause 

of tooth loss, which can have a major negative impact on quality of life (143). Factors 

affecting older adults such as xerostomia (reduction in salivary flow), poor oral 

hygiene, chronic diseases and diet, result in 64% of those over 80 y having root caries 

and up to 96% having coronal caries (143–145). This poses a significant issue as 

evidence  shows  that, as the population ages, more natural teeth are being retained 

(146), which will only increase the prevalence of caries in the older population and 

place further demand on dental services. There is evidence to suggest that factors such 

as nutritional status, alongside others such as xerostomia , increase the risk of an older 

adult developing caries, and a study conducted by Gati and Viera (2011) observed that 
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adults who had caries ate more frequent meals throughout the day and consumed 

higher levels of sugar when compared to adults who did not have caries (146).  

 

1.1.4.4.4.2 Periodontal disease 

 

Periodontal disease, caused by pathogenic bacteria infecting the structures that support 

the teeth, is one of the most prevalent aging-related diseases, affecting 47-59% of 

adults (147,148). Data from the Adult Dental Health Survey conducted in the UK 

observed that, although the rates of edentulousness are declining, the remaining teeth 

of older people are more likely to experience periodontal attachment loss, and gingival 

bleeding was present in 54% of the dentate adult population (148). If left untreated, it 

can cause gums to recede and pockets between the teeth to deepen, leading to unstable 

teeth and tooth loss; and studies have shown that an older persons’ experience of 

periodontal disease may be influenced by social and behavioural factors, such as age, 

smoking and diet (149,150). In particular, healthy dietary habits were observed to be 

a contributing factor to the prevention of the disease, including adequate intakes of 

Vitamin C, zinc and lycopene (151). A study amongst adults in the US, using data 

from NHANES, found an inverse relationship between dietary fibre and periodontal 

disease; it was associated with a low intake of whole-grains, but no significant 

associations were found with a low fruit and vegetable (FV) intake (147).  

 

1.1.4.4.4.3 Tooth loss 

 

Dental and root caries, periodontal disease and xerostomia are a  number of the most 

significant causes of tooth loss in older adults (152). Although rates of edentulism are 

on the decline (153), the loss of natural teeth can still have a significant impact on both 

oral and general health and wellbeing in this age group (140,154). As natural teeth are 

lost in older age, this can impact significantly on oral function of older people. 

Research has shown that a decreased number of natural teeth results in reduced 

chewing ability, with edentulous patients possessing lower chewing ability compared 

to dentate patients (155).  
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1.1.4.4.4.4 Relationship between oral health and nutritional status in older adults 

 

Just as in any other age group, nutrition and diet are paramount to ensure optimal 

physical and mental functioning for older adults, and these can be influenced by a 

variety of factors, including oral health issues (13,156). Research has shown that a 

decreased number of natural teeth results in reduced chewing ability, with edentulous 

patients possessing lower chewing ability compared to dentate patients, and this can 

result in modifications to food choices, and a decreased enjoyment of food (155).  

Chewing difficulties are relatively common amongst older adults. In a study of adults 

aged 65 y and older, 13% with impaired dentitions said that they ‘often’ or ‘always’ 

had problems biting or chewing in the previous three months. Amongst the same 

group, 10% had experienced frequent limitations in the kinds or amounts of food eaten, 

while 9% always perceived discomfort while eating (157). In another study, one in 

five older people reported that oral conditions prevented them from eating the foods 

they would like to choose; 15% took longer to complete their meal and their enjoyment 

of food was limited by oral conditions, and 5% avoided eating with other people 

because of chewing problems (158).  

Whilst food choices can be affected by a range of factors, including social, 

demographic, sensory, economic, cultural and behavioural, the ability to bite and chew 

is also important (159). Impaired masticatory ability has also been shown to be 

associated with poor dietary intake and nutritional status and subsequent health, and 

there is evidence to suggest that good oral health can have positive effects on 

nutritional status, however it is unclear whether improving masticatory ability alone 

can improve nutritional status in the long-term (160–163).  

When fewer natural teeth are present, elderly people tend to alter their food choices, 

choosing foods which are softer and easier to chew,  however, these are often low in 

nutrients including fibre, and high in calories and complex carbohydrates (164,165). 

In older people, it has been shown that the perceived ability to chew foods is closely 

associated with the number of natural teeth remaining, and in addition to this, the 

number of occluding pairs of teeth also appears to be very important (166,167).  

In studies of nutrition in adult populations, poor diet quality has been reported in adults 

missing natural teeth and wearing partial and complete dentures (168). Some of the 
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possible reasons for this are thought to be difficulty in chewing hard foods such as raw 

vegetables and fruit, and a decreased sense of taste. A consistent finding in the UK 

NDNS report was that that dentate individuals had higher daily intakes of protein, 

fibre, calcium, iron and Vitamin C when compared to their edentulous counterparts 

(168). Furthermore, when compared to dentate individuals, edentulous older adults 

were observed to consumer fewer portions of fruit and vegetables and less fibre, 

alongside consuming higher intakes of saturated fat, cholesterol and overall calories 

(159,162,169). Data from the NDNS also reported that edentate older adults were less 

likely to meet certain dietary recommendations when compared to dentate individuals, 

including those for FV, oily fish and fibre (170).  

Associations between oral health and issues surrounding diet and nutrition have been 

observed in around the world. Data from areas including Lebanon, Australia, Holland, 

Finland and Japan have linked issues including reduced numbers of teeth, poor self-

perceived oral health, and issues with dental prostheses with poor nutritional status, 

risk of malnutrition and weight loss (171–176).  

 

1.1.4.4.5 Dry mouth 

 

Dry mouth, or xerostomia, causes of which can include the ageing process and certain 

medications, can affect up to 60% of institutionalised older adults, and prevalence is 

particularly high in those who are polymedicated (177–179). This can, in turn, have a 

negative impact on quality of life, as observed in studies conducted in Spain, Norway 

and Canada (180–182). A systematic review conducted in 2015 identified xerostomia 

as a risk factor for malnutrition in older adults (183); negatively impacting chewing 

ability, taste, swallowing capacity and appetite (184–186).  

 

1.1.4.4.6 Dysphagia 

 

Dysphagia can also be problematic in older people, with causes including stroke, 

Parkinson’s disease and dementia (187). As reported in numerous studies from regions 

including Japan, Spain and Australia, older people with dysphagia are at increased risk 

of malnutrition and dehydration (188–191), with patients reporting lower daily energy 

intakes than those without dysphagia (191,192). A 2013 systematic review conducted 
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in Hawaii also produced similar findings; with chewing problems and dysphagia 

amongst the factors frequently associated with weight loss and a reduced BMI in 

nursing home residents (193). Dysphagia can not only lead to physical difficulties with 

chewing and eating but may also pose psychological and social issues, including 

embarrassment and fear around eating in social situations (194).  

 

1.1.4.4.7 Medication 

 

Polypharmacy, defined as “the use of multiple medications and/or the administration 

of more medications than are clinically indicated” (195), has been identified as a risk 

factor for malnutrition in older adults (44,71,183,196), both directly through drug-

nutrient interactions (197) or indirectly through effects on appetite (183). Some 

medications, such as chemotherapy drugs, can cause nausea and vomiting, therefore 

increasing the risk of malnutrition, however drugs used to delay vomiting, such as 

aprepitant, can also affect nutritional status through dysphagia, taste changes and 

constipation or diarrhoea (198). There is evidence to highlight an association between 

the risk of malnutrition, polypharmacy and drug-nutrient interactions; with older 

individuals who presented as malnourished being more likely to be taking a higher 

number of medications compared to well-nourished individuals (71,199). A 2014 

systematic review found that the prevalence of polypharmacy amongst older adults 

varied from approximately 34% in some nursing home populations, up to 67% in older 

adults upon discharge from hospital (200).  

 

1.1.4.4.8 Gastrointestinal tract function 

 

Ageing appears to be accompanied by a reduced functioning of the gastrointestinal 

tract, including impairment of intestinal microbiota, which can lead to the 

malabsorption of various nutrients, such as folic acid and beta-carotene, and 

subsequently malnutrition (196,201–204). Pernicious anaemia, caused by a lack of 

Vitamin B12, is a particular problem in this age group as the process of Vitamin B12 

absorption in older adults, involving the stomach, small intestine and pancreas, is less 

efficient compared to other age groups (205). It has been observed in up to 70% of 

cases of older adults with Vitamin B12 deficiency, that physiological changes within 
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these organs render the Vitamin B12 unable to be taken up by intrinsic factor for 

absorption (206).  

 

1.1.4.4.9 Sensory issues  

 

Globally, the prevalence of vision impairment, as a result of age-related macular 

degeneration and cataract, increases greatly with age (207–209). A number of 

activities of daily living (ADL) may be negatively impacted through vision 

impairment particularly those relating to food consumption, including shopping for 

and preparing meals, and those with vision impairment are more likely to suffer from 

a broad range of mental and physical health comorbidities compared to those who do 

not (210–213). Within developing countries nutritional deficiencies, particularly of 

Vitamin A, along with cataracts, are the leading cause of blindness; and there is 

evidence to suggest relationships between eye health and intake of dietary components 

such as vitamins, minerals and omega 3 fatty acids (214).   

Similarly to loss of vision, hearing loss has also been shown to negatively impact ADL 

and diet quality, through its influence on ability to purchase food and participate in  

social activities, such as eating out with family or friends (207,215). Furthermore, 

there is now early evidence to suggest relationships between hearing loss and intakes 

of certain nutrients such as dietary polyunsaturated fatty acids, Vitamin B12 and folate 

(216,217).  

Sense of smell deteriorates with age, potentially due to reduced functioning of 

olfactory receptors, and so too does the ability to distinguish between different smells 

(218,219). Although it has been reported that taste sensation loss can be due to a 

diminished sense of smell (219), sensations of sweet, salty, sour and bitter tastes 

decline with age, potentially due to medication usage, oral health issues and 

xerostomia,  which can result in a loss of interest in and the enjoyment of eating a meal 

(219).  

 

1.1.4.4.10 Hormonal status 

 

There is evidence to suggest hormonal status may have a part to play in reduced dietary 

intake in older people (220–222). Systematic reviews conducted in countries including 
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Italy and the US, have highlighted the role of hormones, including cholecystokinin 

(CCK), ghrelin and peptide tyrosine tyrosine (PYY), in the ageing process and their 

potential effects on satiety, appetite and food intake (16,220,223,224). Sensitivity and 

production of these hormones have been shown to be altered with age. When 

compared to younger people, CCK appears to have a greater satiating effect in older 

adults, and PYY production and insulin concentration are increased; all of which may 

contribute to a decrease in appetite, increase in satiety, reduced glucose tolerance and 

a decreased food intake (222,225).  

 

1.1.4.4.11 Chronic diseases 

 

As the population ages, the prevalence and associated burden of chronic diseases is 

projected to increase, placing the affected individuals at a greater risk of impaired 

nutritional status and malnutrition-related health issues.  

 

1.1.4.4.11.1 Cancer 

 

It is well known that age is a risk factor for cancer development, with 50% of new 

cancers occurring in individuals over the age of 65 y in developed countries, and this 

is expected to be a worldwide phenomenon by 2050 (226). Poor nutritional status and 

malnutrition are common amongst cancer patients, with many experiencing significant 

weight loss during the progression of the disease, as food intake and appetite may be 

considerably impaired by not only the disease itself but also by its treatment options 

(227,228).  

The physical and emotional effects of chemotherapy treatments, as well as 

obstructions caused by tumours, can affect taste, smell and appetite, produce sore 

mouth, nausea, vomiting, diarrhoea and constipation, all of which can contribute to 

poor food intake and nutrient malabsorption (198,227,229,230).  

Cachexia, an extreme form of anorexia, can occur in some cancer patients, and 

prevalence of which has been reported worldwide, particularly in the US, Japan and 

Europe (231). It is characterised by a weight loss of at least 5% within a year or less 

in the presence of underlying cancer, and an additional three criteria, including: 

decreased muscle strength, fatigue, anorexia, low fat-free mass index and atypical 
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biochemistry (232,233). It is also thought that cachexia is a more frequent cause of 

cancer-related death in regions such as Africa, Asia and South America, although 

epidemiological data is limited (231). Therefore, it is alarming to note that there is 

evidence to suggest that up to 70% of cancer patients at risk of malnutrition are not 

receiving adequate nutritional support, as well as a high prevalence of cancer-related 

malnutrition severity misclassification (234,235).  

According to the evidence-based World Cancer Research Fund Cancer Prevention 

Recommendations, supported by regularly updated systematic reviews, alongside 

avoiding exposure to tobacco and excess sun, making dietary changes such as limiting 

consumption of red and processed meat and eating a diet rich in fruit, vegetables, beans 

and wholegrains is beneficial in reducing the risk of cancer and other non-

communicable diseases (236). The 2018 World Cancer Research Fund Expert Report 

has highlighted strong evidence that exposure to dairy products, wholegrains and 

foods containing dietary fibre can decrease risk of colorectal cancer, and risk of 

cancers of the aero-digestive tract, including cancer of the mouth and throat, can be 

decreased by consuming non-starchy vegetables and fruit (237,238). Furthermore, the 

risk of developing colorectal cancer can be increased by consuming red and processed 

meat, and consuming diets with a greater glycaemic load can increase the risk of 

endometrial cancer (237,239). The risk of developing colorectal cancer, as well as 

cancers of the oesophagus, pancreas, liver, breast and endometrium, can also be 

increased by adult body fatness and being obese or overweight throughout adulthood 

(240). Consuming alcohol has also been shown to increase the risk of cancers of the 

mouth, pharynx, larynx, oesophagus and breast, and consuming three or more 

alcoholic drinks per day can increase the risk of developing stomach and liver cancer 

(241). Physical activity has also been highlighted in the report to be extremely 

beneficial in terms of cancer prevention, with strong evidence to suggest that physical 

activity can reduce the risk of developing colorectal and breast cancer (242).  

 

1.1.4.4.11.2 Cardiovascular disease 

 

From the literature it is clear that cardiovascular disease (CVD) is not only a problem 

for higher income countries, accounting for over a quarter of all deaths in the UK 

(243), as more than 80% of CVD-related mortality occurring in low and middle-
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income countries (244).Systematic reviews such as those conducted by Mente et al in 

2009 (245), Rodriguez-Monforte et al in 2015 (246) and Mozzafarian et al in 2016 

(247) have identified causal associations between coronary heart disease (CHD) and 

intakes of foods including vegetables, monounsaturated and trans-fatty acids, nuts, 

foods with a high glycaemic index, as well as overall dietary quality.  

 

1.1.4.4.11.3 Type 2 Diabetes Mellitus 

 

As life expectancy and the general population continues to increase, the prevalence of 

T2DM is also expected to increase (248). The incidence of T2DM has been shown to 

increase with age; a larger proportion of newly diagnosed diabetics are older adults 

(249) and this population group appears to be at a greater risk of developing the 

condition due to age-related factors such as increased insulin resistance and pancreatic 

islet dysfunction (248). In the US, the incidence of T2DM amongst adults aged over 

65 is projected to increase more than four-fold between 2005 and 2050 (248), which 

is alarming to note as adults with T2DM in this age group have an increased risk of 

developing other health issues such as sarcopenia, which can further negatively impact 

nutritional status and overall health status.  

There is an important role of diet and nutrition in the development, prevention and 

management of T2DM. Consumption of certain dietary patterns, most notably the 

Mediterranean Diet (MD), has been shown to decrease the incidence of T2DM, and 

this will be discussed further in Section 1.1.6.2.2.1. However, factors such as obesity 

and lack of physical activity have been linked to an increased risk of T2DM, and 

evidence from NHANES found that amongst adults with T2DM, 36% were classed as 

overweight and 46% were classed as obese, 31% reported no physical activity and 

62% consumed less than the recommended 5 portions of fruit and vegetables per day 

(250). Furthermore, there are certain other age-related factors that may make T2DM 

management in older adults difficult, including impaired physical functioning, 

cognitive impairment, frailty and an increased susceptibility to illness (249).   
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1.1.4.4.11.4 Respiratory diseases  

 

Respiratory conditions, such as chronic obstructive pulmonary disease (COPD), 

shown to be associated with ageing; can affect nutritional status by a variety of 

mechanisms, including energy imbalance, primarily due to increased energy required 

for breathing, atrophy of the muscles due to reduced physical function, hypoxemia, 

systemic inflammation, oxidative stress and hypogonadism in some patients 

(13,251,252). Although in the developed world smoking cigarettes is the main risk 

factor for respiratory diseases such as COPD, diet has also been shown to influence 

risk. Data from a 2016 systematic review observed associations between dietary 

patterns (DPs) and risk of COPD; with individuals following more Western-type DPs 

having an increased risk, and individuals following a more healthy DP (high in fruits, 

vegetables, fish and wholegrains) having a reduced risk of newly diagnosed COPD 

(253).  

 

1.1.4.4.11.5 Osteoporosis 

 

Osteoporosis is characterised by increased brittleness and fragility of bones, and an 

increased risk of fractures caused by a reduction in bone density, and mostly affects 

women and older adults (254,255). There is evidence to suggest that adults, 

particularly post-menopausal women, are not consuming adequate levels of calcium 

as part of their diet, and calcium supplementation in particular should be considered if 

dietary intake is below 700mg/day amongst postmenopausal women and older men 

receiving osteoporotic treatment, such as bisphosphonates and calcitonin (256,257). 

In 2016, The Scientific Advisory Committee on Nutrition published a report reviewing 

the 1991 Vitamin D intake recommendations for the UK population, and in contrast 

to previous advice, a reference nutrient intake (RNI) of 10 micrograms per day of 

Vitamin D is now being recommended for the general population(258). It has been 

noted in particular that there is a very high prevalence of Vitamin D deficiency 

amongst very old adults (over the age of 85 y) (ranging from 23% in Autumn to 51% 

in Spring) (259), therefore Vitamin D supplementation (800 IU/day of cholecalciferol) 

should also be advised for older adults and for those at risk of Vitamin D insufficiency 

(257) particularly during certain months.  
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There is also evidence to suggest the beneficial role of other micronutrients, such as 

Vitamin K and potassium, found in FV, and studies conducted in the US and France 

have noted that individuals consuming higher levels of Vitamin K and potassium had 

a lower incidence of bone fractures, higher bone mineral density (BMD) and less bone 

loss (260–263).  

Malnutrition and low body weight are known risk factors for osteoporosis (264), and 

a 2016 systematic review found that older individuals with hip fractures were more 

likely to present with malnutrition or were at risk of becoming malnourished (265). 

The condition can cause reduced mobility and pain, therefore, people affected may 

reduce their physical activity level as a result (254). Globally it has been observed that 

osteoporosis can negatively impact quality of life and ADL (266,267), and this in turn 

can influence nutritional status through negatively impacting appetite an dietary intake 

(268).  

 

1.1.4.4.11.6 Parkinson’s disease 

 

Worldwide it has been estimated that more than 10 million individuals suffer from 

Parkinson’s disease, and incidence of the disease has been shown to increase with age 

(269). Issues with hand-mouth coordination associated with diseases such as 

Parkinson’s can negatively impact food intake, and capability to shop, cook and feed 

independently may also be impaired (270). This therefore may explain patients with 

Parkinson’s having a lower BMI when compared to control subjects, as well as an 

altered distribution of body fat which may be associated with a lower BMI (271,272). 

A 2014 review conducted in the US noted that, although there is a plethora of 

preliminary evidence to suggest the role of nutrition in the development and 

prevention of Parkinson’s disease, mainly focussing on oxidative stress, further 

research needs to be conducted in the area to develop the evidence-base, particularly 

if this is to become an avenue for potential treatment options (273).  

 

1.1.4.4.11.7 Dementia 

 

According to the WHO there were 50 million people globally living with dementia in 

2018, and this is set to increase to 152 million in 2050 (274). Although the prevalence 



25 
 

of dementia has been observed to be declining in areas such as the US (275), due to 

increases in the ageing population it is set to become a major public health issue for 

countries such as China and India (276). Dementia is particularly prevalent in nursing 

homes; a German cross-sectional study found that more than half of nursing home 

residents suffered from dementia, and when compared to adults living in the 

community they were 19-fold more likely to have dementia (277). Similar findings 

were observed for cognitive impairment, with up to 67% of nursing home residents 

affected (278).  

A systematic review conducted by Prickett et al in 2015 observed that obesity in 

adulthood was a risk factor for dementia and cognitive impairment in older age (279), 

and a review by Chen et al in 2019 (280) noted links between consumption of certain 

DPs and risk of cognitive decline. However, issues surrounding food intake and 

behaviour can vary throughout the progression of dementia; from overeating in the 

initial stages of the disease to experiencing difficulty with or refusing to eat in the later 

stages, and can therefore be susceptible to substantial weight loss (281). Individuals 

with dementia were found to be more likely to practice unsafe food storage and 

handling practices, placing them at an increased risk of food borne illness (282–284). 

A review by Chen et al in 2019(280) observed links between consumption of certain 

dietary patterns and risk of cognitive decline, and there is previous research noting the 

positive relationship between consuming a MD and risk of dementia (285), and this 

will be discussed further in Section 1.1.6.2.2.1.  

 

1.1.4.5 Psychological Factors  

 

Minor depression has been shown to occur frequently in the older adult population 

(286). By the year 2030, depression is set to become the leading cause of disease 

burden in higher and middle-income countries, however the condition is under-treated 

and under-diagnosed in older patients (287,288). There are a vast number of causes of 

depression amongst older adults, and these causes can be linked and multifactorial, 

and can include chronic illness, bereavement, social isolation or disability (289–291).  

Globally, associations between nutritional status and depression have been observed 

in older adults; data from Turkey, South Africa, Isfahan and Iran show that depressed 

older adults had poorer diet quality, including lower intakes of oily fish and FV, and 
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were more likely to be malnourished (292–295). Furthermore, there is evidence to 

suggest a bidirectional relationship between food intake and depressive symptoms; it 

can lead to a loss of interest in food therefore reducing food intake leading to weight 

loss but can also cause increased food intake and obesity (296–299).  

 

1.1.4.6 Social Factors  

 

Social factors, including marital status, loneliness and poverty, have been shown to 

influence dietary quality and eating habits among older adults (58,300), and a 2015 

meta-analysis reported that these factors may also be associated with mortality risk 

(301).  

Older people who live alone and are socially isolated from others, potentially due to 

reduced physical function, are inclined to eat less than people who eat in company 

(13,302). Older people are also faced with the loss of loved ones as they get older, and 

this loss is intensified if there are no children, or if children have moved away (303). 

Older adults who have been widowed are more likely to live on their own and may 

live long distances from their children or family members; and, without 

encouragement or reminders, may simply forget to eat or find it difficult to adjust to 

cooking meals for just one person, and are therefore at increased risk of malnutrition 

(303,304). The effect of bereavement on diet has been particularly noted in older men 

who have recently been widowed, who may lack the skills and knowledge required to 

cook healthy meals as they may have relied on their partners to cook for them, placing 

them at an increased risk of consuming a poor diet (305).  

Social isolation, occurring potentially as a result of living in rural areas or a lack of 

access to transport, particularly amongst those who have recently stopped driving, has 

been shown to reduce quality of life (306,307). It also highlights the importance of 

older adults remaining independent and being able to function physically in order to 

drive or access transport to shop for and purchase healthy foods and maintain a healthy 

diet (12,58,308–310).  

These trends have been observed on both a national and global scale; data from Korea, 

New Zealand and Lebanon found associations between nutritional status in older 

adults and social factors such as living alone and levels of social support (311–313). 
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A recent study conducted in Japan found that older adults who had a poor relationship 

with their neighbours displayed infrequent eating habits and poor dietary quality, even 

if they had good access to food (314).  

 

1.1.4.7 Economic Factors  

 

1.1.4.7.1 Low income and socioeconomic status 

 

Low socioeconomic status can influence DPs and diet quality, and low income can act 

as a potential barrier to purchasing healthy food, with a significant proportion of older 

adults reporting that price and money available for food were important factors 

affecting food choice (315–323). A 2013 systematic review noted that older adults 

were particularly susceptible to displaying a poor nutritional status and reporting 

reduced food expenditure, detrimentally influencing dietary intake and variety, due to 

changes in socioeconomic situations, namely transitioning from employment to 

retirement, especially if the retirement was not voluntary, as well as outliving any 

savings possessed (324).  

 

1.1.4.7.2 Education and health literacy 

 

Poverty is seen to be a social determinant of health and ill-health (325), and appears 

to be closely associated with level of education; both of which may have a negative 

impact on health and wellbeing (116,325,326). Low levels of health literacy in adults 

have been associated with difficulties in understanding health information, therefore 

making it more difficult to make healthier life choices such as participating in physical 

activity and consuming a healthy diet (327–329) however there is little evidence 

researching these associations amongst older adults in particular. Globally, a higher 

prevalence of malnutrition has been observed amongst illiterate older adults (326), 

with less educated older adults observed as being least likely to purchase foods high 

in fibre and low in salt and sugar (330).  
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1.1.5 Relative importance of factors contributing to dietary intake and nutritional 

status in older adults  

 

All of the factors that have been mentioned within this chapter are of potential public 

health importance, opportunities exist for interventions to alleviate these factors and 

their impact on dietary intake therefore encouraging optimal nutritional status in older 

adults.  

The factors discussed that can influence eating behaviour and nutritional status are 

numerous and wide ranging, with complex interactions, both with nutritional status 

but also between factors, for example chronic disease and physical function. To try to 

ascertain the relative importance of each of the factors mentioned in this chapter in 

terms of their impact on nutritional status is challenging; especially as nutritional 

status itself encompasses such a range of nutrients.  For example, an older person who 

has adequate or optimal intake of a range of macronutrients may still be deficient in a 

range of micronutrients, including Vitamin B12. Further factors that influence 

nutritional status may not have been identified in this chapter or may have so far been 

understudied so that their true impact on nutritional status may not be known.  

Disease-related malnutrition can be extremely costly to healthcare systems; annually 

the cost to parts of the US is over $15.5 billion, whilst in the European Union (EU) 

the cost of disease-related malnutrition annually is €120 billion (331,332). 

Intervention design to promote optimal nutritional status must be carefully considered 

in terms of outcomes to be measured, effect size and duration of intervention/timing 

of outcome assessment, as short-term impact on diet can often be established but these 

are more difficult to sustain (333–335). Interventions at policy levels must also 

consider similar issues in terms of impact, cost, reach and sustainability.  

It may be prudent  to take a life course approach, as described by Robinson et al (336), 

intervening earlier in life to promote good nutrition and healthy lifestyle choices, 

before these age-related factors develop or start to have an impact on food choice. It 

is well known that eating behaviours established in early in life can last into later years, 

known as ‘tracking’ of health behaviours (337,338), and studies have observed links 

between better diet quality and consuming healthy DPs in middle age, and improved 

physical functioning in older age (337–340).  Further studies are required to determine 
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how this life course approach could be used effectively to preserve physical 

functioning longer into older adulthood; through improving health promotion in 

childhood, and targeting certain time-points throughout the life course where eating 

behaviours may change and be heavily influenced by age-related factors, such as 

retirement or bereavement (341,342).  

 

1.1.6 Strategies to improve nutritional status 

 

1.1.6.1 General strategies for nutritional status improvement  

 

As there are a variety of factors that can influence the nutritional status of older adults, 

there is a need for multifactorial approaches to relive the burden of poor nutritional 

status, both on the individual and larger health care systems. There is the potential for 

further research to be conducted to inform and tailor future interventions for example 

investigating ways for older adults to incorporate physical activity where possible into 

their daily routines to improve physical functioning and ADL. There is also potential 

to improve the use of existing strategies, such as oral nutrition support (ONS), usage 

of which, if improved according to guidance from the National Institute of Health and 

Care Excellence (NICE), would result in annual cost savings of £45.5million 

(343,344) and annual savings of approximately £90,000 from reductions in length of 

hospital stays (345). Nutritional status improvement strategies can be targeted to 

certain groups within the older adult population or be applied more generally to older 

adults overall.  

 

1.1.6.2 Strategies to improve nutritional status relevant to this thesis  

 

A number of strategies, and how they can be used to improve nutritional status, will 

be discussed further in the following sections of this chapter and in the following 

chapters in this thesis. Prosthodontic rehabilitation will be discussed as a nutritional 

status improvement strategy specific to older adults with oral health issues, whilst the 

whole diet approach of the MD and modification of eating rate will be discussed as 

strategies applicable to the general population.  
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1.1.6.2.1 Prosthodontic rehabilitation 

 

It has been recommended that screening of oral health problems should become a 

routine part of hospital admission procedures for all older adults admitted to hospital 

(346), as one example of a strategy to improve nutritional status that can be targeted 

to certain members of the population is prosthodontic rehabilitation (replacement of 

missing natural teeth). As previously mentioned, the decline in edentulism has resulted 

in a trend of an increasing number of individuals classed as partially dentate (347,348) 

therefore many older patients still require treatment to replace missing teeth, and a 

number of methods of prosthodontic rehabilitation exist to do so.  

 

1.1.6.1.2.1 Removable Partial Dental Prostheses  

 

Many patients currently receive Removable Partial Dental Prostheses (RPDPs) as part 

of publicly funded dental care.  Examples of RPDPs can be seen in Figures 1.4 and 

1.5. RPDPs are a popular, relatively non-invasive, low-cost method used in most 

countries to replace missing natural teeth and can be easily removed and reinserted 

without requiring professional help (349). They typically possess cobalt-chrome, 

titanium or plastic clasps that attach onto remaining teeth, improving their stability 

and retention (349). 
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Figure 1.4 Male patient aged 67 y with RPDPs to replace missing teeth (350)  

 

Figure 1.5 Male patient aged 67 y with RPDPs to replace missing teeth (350) 

 

 

Whilst RPDPs can function very successfully, a large proportion of patients struggle 

to adapt to their limitations and either discontinue wearing them or use them only 

occasionally (351). Age-related factors such as a decline in physical function and 
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reduced dexterity can make cleaning remaining natural teeth and dental prostheses 

extremely difficult. This, combined with the high level of preventative oral hygiene 

measures required for RPDPs, has led to them becoming a significant factor for further 

tooth loss and an increased risk of dental disease (352,353). Furthermore, chewing 

with a reduced number of posterior teeth has been shown to reduce masticatory 

performance by up to 40%, and use of RPDPs may only partially compensate for this 

functional deficit (354,355).  With improving dental health and more patients retaining 

natural teeth for longer, clinicians are increasingly faced with the prospect of providing 

RPDPs for patients for the first time in their advanced years.  These patients are often 

less able to cope with the limitations of RPDPs and may lack the motivation to 

persevere with them (356).   

 

1.1.6.1.2.2 The Shortened Dental Arch 

 

Although RPDPs are commonly used for partially dentate older patients, there are less 

complex functionally orientated treatments available that can be very applicable to this 

population group. One of these is treatment based on the Shortened Dental Arch 

(SDA) concept, defined as having an intact anterior region but a reduced number of 

occluding pairs of posterior teeth (357). This treatment option aims to provide patients 

with a functional dentition of 10 occluding pairs of teeth without the need for an RPDP 

(357). Patients may have the 20 remaining natural teeth necessary to achieve an SDA 

naturally, however it is also possible to be restored to an SDA using a variety of fixed 

prosthodontic options including fibre reinforced composite resin, conventional 

bridgework and adhesive resin bonded bridgework (RBB).  RBB in particular has been 

shown to be a simple, efficient tooth replacement method to achieve a SDA (358). 

Examples of SDA can be seen in Figures 1.6 and 1.7. 
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Figure 1.6 Partially dentate patient aged 62 y rehabilitated using RBB to achieve a 

SDA (350) 

 

Figure 1.7 Partially dentate patient aged 62 y rehabilitated using RBB to achieve a 

SDA (350) 
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There is evidence to suggest that, through the use of a SDA to provide 10 occluding 

pairs of teeth, patients can achieve suboptimal but acceptable levels of oral 

functionality as well as improving quality of life, oral hygiene, comfort and providing 

an aesthetic, easily-maintainable result (357,359). Furthermore, individuals treated 

according to the SDA concept have been shown to have significantly higher oral health 

related quality of life when compared to individuals treated with RPDPs (359). SDA 

also has the potential to reduce treatment costs and be a more cost-effective form of 

treatment compared to other methods (360) as there is a decreased emphasis on 

posterior region restorative treatment, and it is accepted by many clinicians that 

complete dental arch restoration is not always necessary to provide affordable and 

functional treatment (361).  

Although the SDA concept has been shown to be acceptable to both patients, due to 

ease of maintenance and aesthetic purposes, and clinicians due to the method fitting 

well with the modern dentistry problem-solving approach, there is evidence to suggest 

that it is currently an underutilised treatment option (361–364). It is still considered 

controversial by some clinicians; tooth loss, in particular loss of molars, has been 

associated with a decrease in masticatory performance and may lead to mandibular 

displacement and SDA may increase the risk of temporomandibular joint issues 

(363,365,366). Although SDA has proven effective in certain circumstances and meets 

the requirements of a functioning dentition, the demands of oral functioning will vary 

with each patient and for restorative dental treatment to be effective it must be tailored 

to the functional needs and adaptive capabilities of the individual (361). 

 

1.1.6.2.2 Whole diet approaches to improve nutritional status  

 

Certain strategies can be utilised to improve the nutritional status of specific sub-

groups of older adults, such as prosthodontic rehabilitation for partially dentate older 

adults mentioned above. However, there are also widely applicable methods that can 

be implemented by the general public to improve nutritional status and also overall 

health and wellbeing.  

Rather than the focus on individual foods and nutrients, the examination of whole diets 

has become an increasingly popular method of examining dietary intake data 

(367,368). Nutrients or foods are not consumed in isolation, and analysing the 
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consumption of whole diets has the benefit of allowing the interaction between 

nutrients and food groups to be captured by capturing the diet as a whole, including 

combination, variety, frequency and quantity of nutrients, foods and food groups 

consumed (367,369). DPs are a useful tool for disease prevention, as previously shown 

in the Lyon Diet Heart Study (370) and have potential benefits within the public health 

setting as whole diets can be translated into effective, easy-to-understand public health 

messages (371,372).  

There are two main forms of dietary pattern analysis (DPA) used to assess adherence 

to whole diets, a priori and a posteriori. These will be discussed further in Chapter 2.  

 

1.1.6.2.2.1 The Mediterranean Diet 

 

The MD, a whole diet approach high in fruits, vegetables, fish and legumes and low 

in red meat and other processed foods, has been shown to improve aspects of health 

and wellbeing, including improving cardiovascular risk factors. These include 

preventing weight gain, as well as positively affecting blood pressure and other 

cardiometabolic factors, and cognitive function in older adults (244,247,373,374), and 

randomised trials with hard clinical endpoints have confirmed the efficacy of this 

dietary pattern (375–377).  

The MD is one widely and traditionally consumed by individuals living in 

Mediterranean regions such as Spain and Greece, and is composed of high amounts of 

wholegrains, vegetables and fruits, whilst being low in red and processed meat and 

dairy foods. The diet is also high in sources of unsaturated fat such as nuts, olive oil 

and oily fish and encourages moderate alcohol consumption, preferably in the form of 

wine (378).  

There is evidence from systematic reviews and large, multicentre studies to suggest 

that MD adherence can reduce overall mortality and prolong survival amongst the 

older adult population (375,379–381), as well as having a beneficial effect against 

certain chronic diseases, such as CVD, T2DM and cognitive decline (285,375,382). 

Furthermore, amongst Mediterranean individuals at a high risk of CVD, consuming a 

MD reduced risk of developing a major cardiovascular event of approximately 30%, 

as shown in results obtained from the 2013 large multi-centre Prevención con Dieta 
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Mediterránea (PREDIMED) randomised controlled trial (RCT) (375). Similar results 

were observed in other large studies (383,384). Results from the observational 

ATTICA study found that a greater adherence to MD was associated with low 

concentrations of low density lipoprotein (LDL) cholesterol and elevated total 

antioxidant capacity (TAC) levels (384,385), and data from the Mediterranean Diet, 

Cardiovascular Risks and Gene Polymorphisms (Medi-RIVAGE) intervention study 

found that consuming Mediterranean style diets resulted in a 15% reduction in risk of 

CVD (383).  

MD consumption can also have a beneficial impact on other NCDs; results from the 

PREDIMED study also noted a decreased incidence of T2DM by around 50% through 

MD consumption (382). Similar results have also been observed in systematic reviews 

and meta-analyses of observational studies and RCTs; MD consumption was 

associated with improved glycaemic control and a reduction in the risk of T2DM (386–

388). There is increasing evidence to suggest a relationship between MD, cognitive 

functioning and dementia; with RCTs and systematic reviews highlighting the 

potential benefits of consuming MD for improved cognitive performance 

(285,384,389–391).  

 

1.1.6.2.3 Modification of eating rate 

 

As previously discussed, the physical ability to bite and chew can influence food 

choice and impact nutritional status (155,159,166,167), however the speed at which 

we consume food can also impact upon how much food is consumed (392,393).  

Another strategy therefore to improve nutritional status, through modifying feelings 

of hunger, fullness and satiety and also its relationship with energy intake and body 

weight, is modifying eating rate. Eating rate can be defined as the amount of food 

consumed per unit of time, and it has been recommended by The Obesity Society that 

individuals should reduce their speed of eating to control energy intake, as faster eating 

rates have been identified as a modifiable risk factor for obesity (394).  

Although malnutrition and underweight are a major public health issue for the older 

adult population (32), the ever-increasing global obesity pandemic cannot be ignored 

(395). It is likely that as the population continues to age the issue of obesity will 
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continue along with it, therefore there is a need for obesity prevention methodologies 

that can be easily implemented and that are targeted to this age group.  

There are some studies to suggest the relationship between mastication and altering 

eating rate on glycaemic index and bioavailability of certain nutrients (396,397), 

however a lot of the research in this area focuses on its effects on energy intake and 

appetite ratings; hunger, fullness and satiety (392,398,399). There is systematic review 

evidence to suggest that eating rate affects energy intake (399); with slower rates of 

eating, both self-reported and actual, being associated with a reduced food intake and 

therefore body weight (392,393,400). A cross-sectional study published in 2017 (400) 

found that a higher self-reported eating rate was associated with a higher BMI, and it 

is thought that food and therefore calories that are consumed quickly, passing through 

the oral cavity quickly and not spending a prolonged period of time in the mouth, 

remain undetected and do not provoke a large enough satiety response to cease eating 

and therefore reducing food intake (401).  

However there appear to be mixed opinions in the literature about the effectiveness of 

altering eating rate to influence energy intake. One 2014 study found that although 

eating slowly reduced meal-time energy intake in individuals who were a normal 

weight, it did not reduce intake amongst overweight or obese individuals (402), who 

would benefit most from this type of intervention.  

 

1.1.6.2.3.1 Methods to modify eating rate 

 

Several approaches have been identified to reduce calorie intake, and enhance satiety, 

through the manipulation of oral processing behaviours (OPBs) (bites, chews and 

swallows) and slowing the rate of eating. These include giving instructions to chew 

each bite a certain number of times, altering plate size and using utensils such as the 

‘smart fork’ designed to prompt consumers to eat slower (403–406).  

 

1.1.6.2.3.1.1 Instructing individuals to eat slowly 

 

The concept of chewing slowly was first introduced by Horace Fletcher, who 

advocated chewing each mouthful thoroughly to prevent weight gain and proposed 

chewing each mouthful up to 100 times or until it “swallows itself” (404). This way 
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of thinking has been observed to be effective in more recent studies, which found that 

instructing individuals to chew slowly, or chew a greater number of chews per bite led 

to significantly higher fullness levels and significantly lower hunger levels when 

compared to eating quickly or chewing each bite a fewer number of times, as well as 

enhancing satiety and decreasing energy intake (393,397,407). Similar results have 

also been found if individuals are given a specific number of chews for each bite; Li 

et al found in 2011 (403) that chewing each bite 40 times resulted in a lower energy 

intake compared to chewing each bite 15 times. Hunger and satiety related hormones 

were also affected; chewing a greater number of times resulted in higher postprandial 

levels of glucagon-like peptide 1 and CCK, and lower postprandial levels of ghrelin 

(397,403).  

 

1.1.6.2.3.1.2 Modification of food texture  

 

Research has also been conducted to investigate how modifying the texture of foods 

to manipulate OPBs can influence appetite and energy intake (392,408–410). Some 

researchers tend to favour this method of reducing eating speed, as it has been shown 

to bring about similar results on energy intake and appetite when compared to 

instructing individuals to eat slowly but with the additional benefit of having less of 

an impact on the natural experience of eating a meal (392,398,409,410).  

Softer-textured foods, such as sugar-sweetened beverages and foods high in fat and 

carbohydrates which tend to be very palatable, are normally ingested quickly; 

spending a shorter amount of time in the oral cavity (referred to as a shorter total oral 

exposure time) (399,408,410,411). They tend to be eaten with larger, fewer bites and 

require less chewing activity, and have a lower satiety compared to harder textured 

foods, and liquid foods in particular provoke much weaker suppressive appetite 

responses when compared to semi-solid or solid foods (399,408,410–414).  

These harder textured foods however, require a much higher level of chewing activity, 

therefore exhibiting a greater oral exposure time; being eaten with smaller bite sizes 

(403,404,409,415). In general, these harder-textured foods are eaten more slowly 

when compared to softer-textured foods (408), however eating rate is a personal 

characteristic and some individuals may naturally eat faster or slower than others 

(400,416–418).  
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Foods with a longer oral exposure time have been shown to reduce ad-libitum food 

intake, as well as eliciting higher levels of fullness and satiety and lower levels of 

hunger post-consumption (409,415,419).  
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1.2 General Summary  

 

From the literature reviewed within this chapter, there are a number of factors that can 

influence dietary intake and nutritional status amongst the older adult population, both 

nationally and globally, including oral health status.  

As there are very clear consequences of impaired nutritional status and malnutrition 

amongst older adults, not only for the individual, such as increased risk of chronic 

disease and reduced quality of life, but also longer hospital stays and increased 

morbidity and mortality, which contributes to increasing healthcare expenditure, 

which is unsustainable within an ageing population. This thesis will investigate factors 

that can influence dietary intake and DP adherence using wave one data from a 

longitudinal study of ageing in older adults in Northern Ireland (NI).  

It is well recognised that oral health status can affect nutritional status and dietary 

intake, however much less is known about whether it has a similar effect on dietary 

change, particularly the ability of an individual to change their diet to a healthy DP 

such as MD. This thesis will explore the effect of self-reported oral health status on 

response to an intervention to encourage adherence to a MD in those at high risk of 

CVD.  

Furthermore, a number of methods exist to improve nutritional status including those 

that can be targeted to specific population groups, such as prosthodontic rehabilitation, 

to improve masticatory performance and overall oral health. There are a number of 

objective and subjective methods to improve and evaluate masticatory performance, 

and this thesis will compare these methods. This thesis will investigate the relationship 

between masticatory performance, improved through prosthodontic rehabilitation, and 

nutritional status amongst partially dentate older adults.  

There is also a clear need for interventions to modify energy intake that can be easily 

implemented and targeted to the general population, and modification of eating rate 

has been shown to alter energy intake and measures of appetite, however previous 

work tends to involve methods of altering eating rate in isolation. This thesis will 

explore if there is a combined effect of manipulating OPBs through food texture 

modification and instructions to chew slowly. 
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1.3 Thesis Aims and Objectives 

 

The main aim of this thesis is to examine the factors affecting dietary intake, dietary 

change, nutritional status and appetite in older adults, and in particular how oral health 

status can influence these. This main aim can be broken down into five aims and 

multiple objectives which relate to the chapters within this thesis.  

 

To examine factors affecting diet in older people  

 

• To investigate the factors, including health status and behaviours, social and 

economic factors, influencing dietary intake and DPs, including a priori and a 

posteriori DPs, amongst older adults in NI participating in wave one of the 

Northern Ireland Cohort for the Longitudinal Study of Ageing (NICOLA) 

(Chapter 2)  

 

To examine the effect of oral health on dietary change  

 

• To investigate, amongst adults at a high risk of CVD in NI, how self-reported 

oral health status can influence dietary change and consumption of MD-

associated nutrients as part of a 12-month dietary intervention study (the 

TEAM-MED Extend study) to promote adherence to a MD (Chapter 3)  

 

To examine methods of improving and evaluating masticatory performance 

 

• To compare two tooth replacement strategies for partially dentate older 

patients, conventional RPDP treatment and functionally orientated SDA 

treatment, in terms of improving masticatory performance (Chapter 4)  

• To examine correlations between objective, obtained using a two-colour 

chewing gum test, and subjective, using a self-report questionnaire, methods 

of evaluating masticatory performance (Chapter 5) 
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To examine the relationship between masticatory performance and nutritional 

status  

 

• To investigate how improvements in masticatory performance, as a result of 

RPDP or SDA methods of prosthodontic rehabilitation, can affect aspects of 

nutritional status as part of a RCT in partially dentate older adults (Chapter 4) 

• To investigate the relationship between masticatory performance, measured 

objectively and subjectively, and self-reported appetite measures (Chapter 5) 

 

To examine the effect of manipulating oral processing behaviours on appetite and 

energy intake 

 

• To investigate whether there is a combined effect of manipulating OPBs 

through consumption of foods differing in texture classified as “fast” or “slow” 

foods, and verbal instructions to chew slowly, on self-reported appetite 

measures and energy intake later in the day as part of a randomised crossover 

breakfast study (Chapter 5) 
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Factors influencing dietary intake and 

adherence to dietary patterns amongst older 

adults in Northern Ireland.  
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2.1 Introduction  

 

2.1.1 Nutrition and the ageing population  

 

Chapter 1 has reviewed the literature surrounding nutrition within the ageing 

population and how age-related factors can potentially have a negative influence on 

nutritional status and dietary intake.  

It highlighted the broad range of dietary intake-impacting factors observed in the older 

adult population globally; social isolation, cognitive decline, chronic disease, reduced 

physical functioning, all of which have the potential to negatively influence nutritional 

status and increase risk of malnutrition which can place a high burden on both 

individuals and societies (101,228,280,300).  

Therefore, there is the need for the consistent utilisation of standardised tools and the 

development of large population-based studies, particularly amongst older adults in 

NI, to thoroughly investigate how dietary intake and DPs can be influenced by factors 

commonly associated with older age, such as chronic disease, social isolation and 

health behaviours.  

 

2.1.2 The Northern Ireland Cohort for the Longitudinal Study of Ageing 

(NICOLA) study  

 

Several longitudinal studies are currently ongoing across the UK to investigate the 

lives of older adults; providing a rich resource on a variety of aspects of living 

including social wellbeing, socioeconomic circumstances, physical and mental health. 

As the population continues to age and research aims to ensure that these years can be 

lived in good health, these studies, the English Longitudinal Study of Ageing (ELSA), 

the Healthy Ageing in Scotland (HAGIS) study, and The Irish Longitudinal Study on 

Ageing (TILDA), have overarching aims to improve health, quality of life and the 

ability of older people to live independently for as long as possible (420–422).  

To ensure that the same quality of research could be conducted in NI, in 2012 the 

Northern Ireland Cohort for the Longitudinal Study of Ageing (NICOLA) was set up, 

involving a representative sample of older adults who will be monitored to investigate 



45 
 

how their dietary intake, recorded more comprehensively compared to other UK and 

Ireland-based longitudinal studies of ageing, and health, financial and lifestyle 

circumstances change over a 10-year period (423).  

 

2.1.3 Analysis of NICOLA dietary data   

 

As previously discussed in Chapter 1, whole diet approaches, or following certain 

DPs, are a method of improving nutritional status that can be applied widely to the 

general population.  

 

2.1.3.1 Dietary pattern analysis  

 

There are a number of methods to analyse adherence to DPs, and diet quality, and 

these are known as DPA. As briefly mentioned in Chapter 1 there are two main 

methods of DPA, a priori and a posteriori methods.  

A priori methods measure adherence to predefined, evidence based DPs, and have 

previously established links with health, diet and disease (369). These hypothesis-

oriented methods use a numerical score, usually derived from dietary 

recommendations or intake cut-off points, to assess consumption of each pattern 

component, and these are then summed to give a total score for each individual (424). 

These are important from a public health perspective as they can used to assist with 

the development of dietary guidelines. A posteriori methods however, rely on 

previously collected dietary intake data, and develop DPs based on foods commonly 

consumed together (derived through how well they correlate with each other) (424). 

These data-oriented methods provide insight into dietary behaviour, as generation of 

the DPs is based on actual population food intake. Similarly, to a priori methods, a 

score for each pattern derived from the data can be obtained for each individual and 

this score can then be used in further analyses.  
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2.1.3.2 Dietary pattern analysis relevant to this thesis  

 

2.1.3.2.1 A priori methods  

 

2.3.1.2.1.1 Mediterranean Diet Score 

 

The Mediterranean Diet Score (MDS) is based on adherence to a MD. MD consists of 

a high consumption of fruit, vegetables, olive oil, wholegrains, fish, poultry and nuts, 

and a low consumption of red and processed meat, alcohol and sweet foods (378). The 

benefits of consuming a MD have been discussed previously in Chapter 1; but most 

research to date, including both RCTs and observational studies, has explored how 

adherence to a MD can improve cardiovascular risk factors (375,383,384).  

 

2.3.1.2.1.2 The Prime Diet Quality Score  

 

The Prime Screen questionnaire is a dietary assessment tool designed for quick clinical 

use, and the development of the Prime diet quality score was based on this. It consists 

of 21 food groups, 13 of which are considered healthy and eight considered unhealthy. 

To classify a food as healthy or unhealthy for use in this dietary score depends on 

evidence from the literature relating to its association with the risk of non-

communicable disease, and its nutrient contribution in the global setting (425). It was 

primarily developed to promote simplicity within diet quality assessment and to 

distinguish between healthy and unhealthy foods within its scoring system, and to date 

has only been used to evaluate diet quality within the US population (425).  

 

2.3.1.2.1.3 The Dietary Approaches to Stop Hypertension score  

 

The Dietary Approaches to Stop Hypertension (DASH) score was developed as a 

result of the Dietary Approaches to Stop Hypertension Trial; a multicentre randomised 

study to investigate the effect of dietary patterns on blood pressure (426,427). The 

DASH score measures adherence to the DASH diet, associated with reduced blood 

pressure (428), which consists of eight components and focuses on high intakes of 

fruit, vegetables, low-fat dairy and wholegrains, and low intakes of sodium,  red and 

processed meat and sugar sweetened beverages (429).  
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2.1.3.2.2 A posteriori methods  

 

2.1.3.2.2.1 Principal component analysis   

 

Principal component analysis, a method of a posteriori DPA, utilises previously 

obtained dietary data to generate DPs consisting of food items or food groups 

commonly consumed together, based on how well they correlate with each other (430). 

The variation amongst the data is explained by examining a correlation matrix of the 

food items or food groups. For each DP generated from the data, a score for adherence 

to the pattern is generated for each participant and can be used in further statistical 

analysis. Each participant will have a positive or negative score based on how much 

they adhere to the DP. Principal component analysis has been used previously to 

investigate associations between DPs and disease risk, most notably CVD risk (431–

434).  
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2.2 Chapter Aims and Objectives  

 

The main aim of this chapter was:  

 

• To investigate the factors, including health status and behaviours, social and 

economic factors, influencing dietary intake and DPs, including a priori and a 

posteriori DPs, amongst older adults in NI participating in wave one of the 

Northern Ireland Cohort for the Longitudinal Study of Ageing (NICOLA).  

 

The main objectives of this chapter were:  

 

• To derive a priori DPs from the NICOLA dietary data, using the MDS, Prime 

score and DASH score 

• To derive a posteriori DPs from the NICOLA dietary data, using principal 

component analysis 

• To investigate associations between these DPs and ageing-related factors; 

including health behaviours, health status, social and economic factors.  

• To investigate associations between FV intake and ageing-related factors; 

including health behaviours, health status, social and economic factors.  
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2.3 Methods  

 

2.3.1 Overview of the NICOLA study design  

 

The NICOLA study was set up in 2012 by researchers at the Centre for Public Health 

(CPH) at Queen’s University Belfast; with the aim to “explore why and how certain 

social, economic and biological factors are changing the lives of older people; to 

understand how health, lifestyle, financial circumstances and wellbeing change with 

age, and to understand what it is like to grow older in Ireland” (423). The NICOLA 

study involves participants completing a computer assisted personal interview (CAPI) 

every two years, a health assessment every four years, and a self-completion 

questionnaire (SCQ) containing a food frequency questionnaire (FFQ) every four 

years. The study will be completed over a period of at least 10 years. The NICOLA 

study is supported by a number of funding bodies; including the UKCRC Centre of 

Excellence for Public Health Northern Ireland, The Atlantic Philanthropies, the 

Northern Ireland Public Health Agency Research and Development Office (HSC 

R&D), the Economic and Social Research Council (ESRC), the Medical Research 

Council (MRC), the Northern Ireland Executive Office, the Centre for Ageing 

Research and Development in Ireland (CARDI), The Wellcome Trust and The 

Wolfson Foundation, and Queen’s University Belfast. Data collected from wave one 

of NICOLA were used for this analysis. Participants were assigned a unique study ID 

number at the beginning of the study and all information collected was anonymised 

and stored according to university and data protection regulations (435). Flow of 

participants through wave one of the NICOLA study can be seen in Figure 2.1.  

 

2.3.2 Study population  

 

A representative sample of non-institutionalised older adults in NI over the age of 50 

y (n=8452) were recruited to take part in the study on a voluntary basis. Researchers 

were given access to the GP Patient Registration System from the Health and Social 

Care Board in NI. Participants were randomly selected from this database as it contains 

the addresses of households likely to have someone aged over 50 y residing there. 
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The Northern Ireland Cohort for the Longitudinal Study of Ageing (NICOLA)
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Figure 2.1 Flow of participants through wave one of the NICOLA study 
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2.3.3 Stages of NICOLA  

 

2.3.3.1 Computer assisted personal interview 

 

The approximately 90-minute CAPI was conducted at the participant’s home after 

written informed consent had been obtained from the participant. The interview 

collected a wide range of data, including information relating to children, education, 

socioeconomic status, health, social support and retirement (435).  

 

2.3.3.2 Self-completion questionnaire   

 

As part of the CAPI, participants were given a SCQ (see Appendix 2) to be completed 

in their own time, which included questions relating to physical activity, loneliness, 

mood, overall health, use of technology and post-traumatic stress (436).  

 

2.3.3.3 Health assessment 

 

The approximately two hour long health assessment was carried out at the Northern 

Ireland Clinical Research Facility (NICRF) at the Belfast City Hospital and was 

conducted by a registered nurse. Home health assessments were arranged if 

participants were unable to attend the NICRF, due to issues with health or mobility, 

however less measurements were taken at these home health assessments compared to 

those conducted at the NICRF.  Measurements taken at the health assessment included 

blood pressure, height, weight, cognitive tests and body composition, as well as 

questionnaires relating to hearing and vision (437). Participants did not have to 

complete the full health assessment if they did not wish to. Any findings of concern 

were related back to the participant via letter advising them to speak to their GP.  

 

2.3.3.4 Food frequency questionnaire 

 

After the health assessment participants were given a dietary SCQ containing a FFQ 

and this will be discussed in more detail in Section 2.3.4.2.  
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2.3.4 Variables used in this analysis 

 

2.3.4.1 General demographics 

 

Data relating to the demographics of the participants involved in the NICOLA study, 

including age and gender, were obtained from the CAPI stage.  

 

2.3.4.2 Dietary data  

 

To assess habitual dietary intake over the past year, participants were given a 130-item 

FFQ, contained within a dietary SCQ, after their health assessment (see Appendix 3). 

The FFQ included food groups such as fruits, vegetables, meat, fish and poultry, 

snacks and sweets, alcohol and other drinks, and measured frequency of consumption 

of these (responses included never or less than once per month, 1-3 per month, once a 

week, 2-4 per week, 5-6 per week, once a day, 2-3 per day, 4-5 per day, 6+ per day). 

The FFQ used in NICOLA is the 130-item EPIC FFQ, which has been previously 

validated (438).  

 

2.3.4.3 Health behaviours 

 

To assess the health behaviours exhibited by participants a range of questions were 

asked in the CAPI. A number of questions were asked in relation to smoking status; 

including “Have you ever smoked cigarettes, cigars, cigarillos or a pipe daily for a 

period of at least one year?”. This question was used to categorise participants as a 

current/past smoker or never having smoked for the purpose of this analysis. Alcohol 

consumption (yes/no) was derived from response to the question “Do you ever drink 

alcohol nowadays, including drinks you brew or make at home?”. This categorised 

participants into current drinkers or ex-drinkers/those who have never drank alcohol. 

The International Physical Activity Questionnaire (IPAQ) (439) was used to determine 

physical activity levels of the participants involved; measured in total MET minutes 

per week, and analysed as a continuous variable.  
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2.3.4.4 Health status  

 

A number of questions relating to the health status of the NICOLA participants were 

asked as part of the CAPI, SCQ and health assessment.  

BMI was calculated using height and weight data collected during the health 

assessment (BMI=weight(kg)/height2(m2). A Seca 240 wall mounted measuring rod 

was used to measure height, and a Seca electronic floor scale was used to measure 

weight (without shoes).  

Blood pressure was measured using an OMRONTM digital automatic blood pressure 

monitor (Model M10-IT) and an inflatable arm cuff. Three blood pressure 

measurements were taken during the health assessment using either the right or left 

arm; two were obtained when the participant was seated, and the third was taken 

immediately upon standing, to capture the postural drop in blood pressure. For the 

purpose of this analysis, an average was taken of the two blood pressure readings taken 

whilst seated.  

Self-reported health was asked using the following question as part of the CAPI; 

“Would you say your health is?” The following options were used for responses; 

“excellent”, “very good”, “good”, “fair” or “poor”. These responses were condensed 

into two groups to compute a dichotomous variable for the purpose of this analysis; 

“excellent, very good or good” and “fair or poor”.   

Whether or not a participant had a long-term condition was assessed using the 

following question; “Do you have any long-term health problems, illness, disability or 

infirmity?” and categorised as a dichotomous (yes/no) variable.  

Several questions relating to specific chronic conditions were also asked within the 

CAPI; participants were asked “Has a doctor ever told you that you have any of the 

following conditions?”. For this analysis, the following chronic conditions were 

investigated; cancer, osteoporosis, Parkinson’s disease, respiratory conditions 

(including chronic bronchitis, emphysema and asthma), Alzheimer’s (including 

Alzheimer’s, Dementia or serious memory impairment), cancer or a malignant tumour 

(including leukaemia or lymphoma but excluding minor skin cancers). These were 

categorised as dichotomous (yes/no) variables. Participants were asked the following 

question to check the presence of a cardiovascular condition; “Has a doctor ever told 
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you that you have any of the conditions on this card?” Responses included “High blood 

pressure or hypertension; angina; a heart attack (including myocardial infarction or 

coronary thrombosis; congestive heart failure; diabetes or high blood sugar; a stroke 

(cerebral vascular disease); mini-stroke or transient ischaemic attack; high cholesterol; 

a heart murmur; atrial fibrillation; abnormal heart rhythm (not atrial fibrillation); any 

other heart trouble”.  

Mild cognitive impairment was assessed using MoCA, which was conducted during 

the health assessment along with other cognitive tests such as the MMSE, Colour 

Trails 2 and the Centre for Epidemiological Studies-Depression (CES-D) scale. The 

MoCA is a straightforward tool with the ability to assess several cognitive domains, 

can be used to screen for Alzheimer’s, and consists of a number of tests to assess 

cognitive function, including sentence repetition, memory, visuoconstructional skills 

using a cube and clock, and verbal fluency. Lower scores indicate cognitive 

impairment, and the maximum score that can be obtained is 30. For the purpose of this 

analysis, MoCA score was recategorized into a dichotomous variable, with scores <26 

an indication of cognitive impairment, and those ≥26 indicating no cognitive 

impairment (440).  

 

2.3.4.5 Psychological factors 

 

Psychological issues were captured using a number of questions in the SCQ and the 

CAPI. Participants were asked “Has a doctor ever told you that you have any 

emotional, nervous or psychiatric problems, such as depression or anxiety?” and this 

was categorised as a dichotomous (yes/no) variable.  

The GHQ-12, a quick, reliable and sensitive tool ideal for use in research studies, was 

used to assess general (non-psychotic) psychiatric morbidity, including depression, 

and is a shortened version of the original 60-item scale (441). The GHQ-12 consists 

of 12 items, each with four possible responses, scored from 0-3. Six of the items were 

phrased positively, and six negatively. These are scored using a Likert method, and 

the responses were summed to give a total score, with a higher score (maximum 36) 

representing a greater morbidity (442).  

 

 



55 
 

2.3.4.6 Social factors 

 

Marital status was assessed during the CAPI, with the following responses; “married, 

living with a partner as if married, single (never married), separated, divorced, 

widowed”. For the purpose of this analysis these responses were condensed to 

compute two separate dichotomous variables; either married/living with a partner as 

if married, or not married, or widowed or not widowed.  

The living situation of the NICOLA participants was assessed in a similar manner with 

the following responses; “living with a spouse, living with a partner, living as a single 

person (including widows, separated etc)”. Similarly, to marital status, for the purpose 

of this analysis these responses were condensed to compute a dichotomous variable; 

living alone or not living alone.  

A modified five item version of the UCLA scale, asked as part of the SCQ, was used 

to assess loneliness. Each item was scored between 0 and 2, with a maximum score of 

10, with greater loneliness being indicated by a higher score (443). One of the items 

in the scale was phrased positively and the remaining four items were phrased 

negatively. For the purpose of this analysis, UCLA score was computed as a 

dichotomous variable, with scores ≥5 indicating loneliness, and scores <5 indicating 

no loneliness (443).  

 

2.3.4.7 Economic factors 

 

A question in the CAPI was used to measure highest level of education obtained, with 

the following responses; “None, Some primary (not complete), Primary or equivalent, 

GCSE/Intermediate/junior/group certificate or equivalent, A-level/Leaving certificate 

or equivalent, Diploma/certificate, Primary degree, Postgraduate/higher degree”. For 

the purpose of this analysis these responses were condensed to compute a dichotomous 

variable; a lower level of education was defined as up to GCSE level and a higher 

level of education was defined as GCSE level or higher.  

Whether or not the participant was in employment was assessed using the following 

question; “Which of the following best describes your current situation?” with the 

following responses; “Retired, Employed, Self-employed (including farming), 
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Unemployed, Permanently sick or disabled, Looking after home or family, In 

education or training, Other”. Again, these responses were condensed to compute a 

dichotomous variable, whether the participant was employed (including self-

employed) or not.  

 

2.3.5 NICOLA dietary data analysis 

 

For this analysis, missing values in the FFQ were given a value of zero (never 

consumed or consumed less than once a month), to allow for the generation of food 

groups to be used in the various analyses.  

 

2.3.5.1 Dietary intake analysis  

 

2.3.5.1.1 Daily fruit and vegetable intake 

 

Total FV intake per day was calculated as a daily FV intake; generated by totalling the 

daily portions of all fruits and vegetables consumed. Within the NICOLA FFQ there 

were 37 FV items, including apples, pears, carrots and spinach. These values were 

initially coded in a range from being consumed never or less than once per month, to 

6+ times per day. These were recoded into daily portions and summed to give a total 

daily FV score for each participant. To be consistent with UK recommendations, 

potatoes were not included within the daily FV score, and if a participant consumed 

more than one portion of legumes or fruit juice per day this was only counted as one 

portion (444). Total intake was divided into quintiles for further analysis.  

 

2.3.5.2 Derivation of dietary patterns 

 

2.3.5.2.1 A priori dietary pattern scores  

 

A priori DPA was conducted using the following DP scores; the DASH score, the 

MDS and the Prime score. Each DP score for each individual was divided into 

quintiles using visual binning, with the highest quintile corresponding to the highest 

adherence to that particular dietary pattern or highest diet quality.  
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2.3.5.2.1.1 Dietary Approaches to Stop Hypertension score  

 

The DASH score is based on consumption of eight food groups; fruit, vegetables, 

wholegrains, red and processed meat, nuts seeds and legumes, low-fat dairy, 

sweetened beverages and sodium (430). Using the individual food items in the 

NICOLA FFQ, variables for these weekly or daily food groups as appropriate were 

computed. Food groups for fruit, vegetables, nuts, wholegrains, low-fat dairy and red 

and processed meat were computed using daily portions. The sugar sweetened 

beverages food group was computed using weekly portions. Consumption of these 

food groups were then divided into quintiles. However, for the sugar sweetened 

beverages group, due to the granularity of the data, it was divided into quartiles.  For 

the fruit, vegetables, wholegrains, dairy and nuts groups, the higher intake quintiles 

were given a higher score (428). Conversely, for the red and processed meat and sugar 

sweetened beverage groups, higher intake quintiles were given lower scores (428). 

Therefore, a higher score indicates a higher adherence to the DASH DP. Information 

on quantity of red and processed meat consumption was not available, therefore the 

red and processed meat group was computed using portions per day instead of oz/day. 

At the time of this analysis information regarding milk consumption was not available, 

therefore the low-fat dairy group consisted only of cottage cheese and low-fat yoghurt. 

Within the NICOLA FFQ there was a question regarding frequency of adding salt 

whilst cooking, or if a salt substitute was used, however quantity of salt consumption 

was not asked, therefore sodium was not included in the generation of this DP score. 

Therefore, the highest score that could be obtained for maximum adherence to the 

DASH DP was 34, not the original maximum score of 40.  

 

2.3.5.2.1.2 The Mediterranean Diet Score 

 

MDS was calculated using the 14-item MDS questionnaire previously used to assess 

adherence to a MD within a Northern Irish population (445) (see Appendix 4). The 

MDS is based on greater consumption olive oil and spreads, fruit, vegetables, legumes, 

nuts, poultry, fish, wholegrains, and a moderate consumption of red and processed 

meat, alcohol and sweet foods (378).   
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In the MDS questionnaire the wholegrains component is based on whether the 

participant preferentially consumes wholegrains. To compute this, daily portions of 

brown bread, pasta, rice, and cereals were totalled and the median calculated. If a 

participant’s intake was above the median, they were awarded a point.  

The MDS component relating to alcohol asks how often an individual would consume 

up to three small glasses of wine or equivalent other alcoholic beverages per week (1-

3 glasses or equivalent 3 days/week). Information on quantity of alcohol consumption 

was not asked in the NICOLA FFQ; therefore, weekly totals of alcohol consumption 

were calculated, and if an individual consumed alcohol three times a week or more, 

they received a point.  

Within the NICOLA FFQ there was a question relating to type of oil used for cooking, 

however there was no information relating to frequency of consumption or whether 

olive or rapeseed oil was preferentially consumed over other oil types. Therefore, if 

the participant stated that they consumed olive or rapeseed oil they gained a point. 

There were questions relating to frequency of butter, margarine or spread consumption 

per week, however there was no information relating to whether or not the spreads 

consumed were olive oil or rapeseed oil based, or quantity of these spreads. Therefore, 

the maximum score that could be obtained for the greatest adherence to the MDS was 

12, not the original maximum score of 14.  

 

2.3.5.2.1.3 The Prime Diet Quality Score   

 

The Prime Diet Quality Score used in this analysis was based on the Prime Screen 

questionnaire, which was developed as a short diet quality assessment tool to be used 

in clinical settings (425,446). Individual foods taken from the NICOLA FFQ were 

categorised into one of 21 food groups, and these food groups were categorised as 

either healthy or unhealthy, and points are awarded based on consumption of these. 

The healthy food group consists of dark green leafy vegetables, cruciferous 

vegetables, carrots, other vegetables, whole citrus fruits, other fruits, legumes, nuts, 

poultry, fish, eggs, wholegrains and liquid vegetable oils. Points were awarded 

according to the following criteria; 0-1 serving per week- 0 points; 2-3 servings per 

week- 1 point; ≥4 servings per week- 2 points. The unhealthy food group consisted of 

red and processed meat, potatoes, whole milk dairy, refined grains and baked goods, 
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sugar sweetened beverages, fried foods obtained away from home, desserts and ice 

cream. Points were reversed for unhealthy food groups (425,447). Points were 

therefore awarded according to the following criteria; 0-1 serving per week- 2 points; 

2-3 servings per week- 1 point; ≥4 servings per week- 0 points. 

The responses to the NICOLA FFQ questions are as follows; never or less than once 

a month, 1-3 times a month, once a week, 2-4 times a week, 5-6 times a week, once a 

day, 2-3 times a day, 4-5 times a day and 6+ times a day. Therefore, it was unable to 

be determined if a participant consumed a food 3 times a week; points were awarded 

for the healthy and unhealthy food groups as follows; 0-1 a week- 0 points for healthy 

and 2 for unhealthy; 2-4 times a week- 1 point for both the healthy and unhealthy 

groups; 5 times a week or more- 2 points for healthy and 0 points for unhealthy.  

Points were then summed to give a total score for each participant; with higher scores 

indicating a healthier diet quality. At the time of this analysis information regarding 

milk consumption was not available, therefore the whole dairy group consisted only 

of cheese and yoghurt. Information on consumption of fried foods specifically 

obtained away from home was not available at the time of this analysis, however 

information on frequency of consumption of fried foods overall (including chips, 

battered fish and pizza) was available and this was used to compute this particular food 

group. Information relating to vegetable oil consumption was not available at the time 

of this analysis therefore vegetable oil was not included as a food group in the 

generation of this dietary pattern score. Therefore, the maximum number of points 

awarded was 40, not the original maximum score of 42.  

 

2.3.5.2.2 A posteriori dietary pattern analysis 

 

2.3.5.2.2.1 Principal component analysis  

 

Principal component analysis was conducted for the generation of a posteriori DPs 

from the NICOLA FFQ dietary data. Principal component analysis involves firstly 

combining daily portions of the individual food items in the NICOLA FFQ into food 

groups, these 34 food groups can be seen in Appendix 5. These food groups are then 

combined into DPs based on how well they correlate with one another. To determine 

how many factors were retained in the model, the break in the scree plot and the factors 
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obtained were examined, as well as Eigenvalues greater than one. To create a simpler 

structure which would be easier to interpret, orthogonal varimax rotation was then 

used (448–450). The DPs which were generated were then named based on the 

positive and negative factor loadings of the various food groups contained within that 

pattern. Factor loadings >0.2 were considered high and those <0.2 were considered 

low. Similarly, to the a priori DPA, each individual’s a posteriori DP score was 

divided into quintiles, with higher quintiles demonstrating a higher adherence to that 

DP.  

 

2.3.6 Statistical analysis 

 

All statistical analysis was conducted using Statistical Packages for the Social 

Sciences (SPSS), and the data were normally distributed. Independent sample t tests 

were conducted to investigate whether there were any differences in mean scores of 

FV intakes and the a priori and a posteriori DPs between categorical (dichotomous) 

variables, such as gender, or having a long-term health condition such as cancer.  

Regression models were conducted to investigate the relationship between FV intakes 

and DPs and factors that may influence these, such as age, gender, health behaviours 

and health status. Logistic regression models were conducted to explore the 

associations between quintiles of FV intakes and DPs and categorical variables. Linear 

regression models were conducted to explore the associations between quintiles of FV 

intakes and the DPs and continuous variables. Models were adjusted for age, gender 

and education were necessary. Results were considered statistically significant as 

p<0.05.  
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2.4 Results  

 

2.4.1 Demographic characteristics  

 

The demographic characteristics of all of the participants involved in wave one of the 

NICOLA study can be seen in Table 2.1. 44.7% of participants were male and 48.4% 

were aged over 65 y.  

 

Table 2.1 Demographic characteristics of the participants involved in wave one of 

the NICOLA study 

*includes widowed, separated etc. Employment status ‘Other’ includes permanently sick or disabled, looking after home or 

family, in education or training, or other. SD- standard deviation. 

Baseline Characteristic  

Number of participants 8452 

Age  <65 y (N (%)) 4365 (51.6%) 

65-79 y (N (%)) 3240 (38.3%) 

80 + y (N (%)) 847 (10%) 

Gender  Male (N (%)) 3775 (44.7) 

Female (N (%)) 4677 (55.3) 

Marital status  Married (N (%)) 5342 (63.2) 

Living with a partner as if married (N (%)) 250 (3.0) 

Single (never married) (N (%)) 662 (7.8) 

Separated (N (%)) 314 (3.7) 

Divorced (N (%)) 626 (7.4) 

Widowed (N (%)) 1258 (14.9) 

Living situation  Living with a spouse (N (%)) 5318 (62.9) 

Living with a partner (N (%)) 251 (3.0) 

Living as a single person*(N (%)) 2883 (34.1) 

Highest completed 

education level  

Some primary (not complete) (N (%)) 152 (1.8) 

Primary or equivalent (N (%)) 1660 (19.6) 

GCSE/Intermediate/junior/group certificate or 

equivalent (N (%)) 
3099 (36.7) 

A-level/Leaving certificate or equivalent (N (%)) 628 (7.4) 

Diploma/certificate (N (%)) 1193 (14.1) 

Primary degree (N (%)) 672 (8.0) 

Postgraduate/higher degree (N (%)) 675 (8.0) 

None (N (%)) 297 (3.5) 

Don’t know/refused (N (%)) 76 (0.9) 

Employment status Employed (N (%)) 2861 (33.8) 

Retired (N (%)) 4174 (49.4) 

Unemployed (N (%)) 242 (2.9) 

Other (N (%))                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 1088 (12.8) 

Don’t know/refused (N (%)) 87 (10) 

Height (cm) (Mean (SD)) 169.5 (57.7) 

Weight (kg) (Mean (SD)) 85.7 (76.4) 

BMI (Mean (SD)) 28.9 (5.2)  

Blood pressure 

(mmHg) 

Systolic (Mean (SD)) 139.0 (69.9) 

Diastolic (Mean (SD)) 88.7 (75.3) 
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The demographic characteristics of the participants who completed a FFQ as part of 

wave one of the NICOLA study can be seen in Table 2.2. 47.1% of participants were 

male and 46.2% were aged over 65 y.  

 

Table 2.2 Demographic characteristics of the participants who completed the  

NICOLA FFQ 

 
 

Employment status ‘Other’ includes permanently sick or disabled, looking after home or family, in education or training, or 

other.  

 

 

 

 

Baseline Characteristic  

Number of participants 2922 

Age  <65 y (N (%)) 1569 (53.8%) 

65+ y (N (%)) 1347 (46.2%) 

Gender  Male (N (%)) 1373 (47.1) 

Female (N (%)) 1543 (52.9) 

Marital status  Married (N (%)) 2073 (71.1) 

Living with a partner as if married (N (%)) 80 (2.7) 

Single (never married) (N (%)) 188 (6.4) 

Separated (N (%)) 73 (2.5) 

Divorced (N (%)) 195 (6.7) 

Widowed (N (%)) 307 (10.5) 

Living situation  Living with a spouse (N (%)) 2070 (71.0) 

Living with a partner (N (%)) 81 (2.8) 

Living as a single person (N (%)) 765 (26.2) 

Highest completed 

education level  

Some primary (not complete) (N (%)) 32 (1.1) 

Primary or equivalent (N (%)) 325 (11.1) 

GCSE/Intermediate/junior/group certificate or 

equivalent (N (%)) 
1030 (35.3) 

A-level/Leaving certificate or equivalent (N (%)) 251 (8.6) 

Diploma/certificate (N (%)) 523 (17.9) 

Primary degree (N (%)) 349 (12.0) 

Postgraduate/higher degree (N (%)) 344 (11.8) 

None (N (%)) 61 (2.1) 

Don’t know (N (%)) 1 (0.0) 

Employment status Employed (N (%)) 1509 (51.7) 

Retired (N (%)) 1131 (38.8) 

Unemployed (N (%)) 59 (2.0) 

Other (N (%))                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 212 (7.3) 

Don’t know/refused (N (%)) 5 (0.2) 

Height (cm) (Mean (SD)) 167.4 (39.5) 

Weight (kg) (Mean (SD)) 82.1 (54.3) 

BMI (Mean (SD)) 28.8 (5.2) 

Blood pressure  Systolic (Mean (SD)) 138.6 (69.9) 

Diastolic (Mean (SD)) 88.3 (76.2) 
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2.4.2 Dietary intake and dietary patterns  

 

2.4.2.1 Dietary intake and a priori dietary pattern analysis  

 

Mean scores for total daily FV intake and each of the a priori DPs investigated 

(DASH, Prime, and MDS) can be seen in Table 2.3. Higher scores indicate a greater 

adherence to that particular dietary pattern, or for the Prime score, a higher diet quality.  

 

Table 2.3 Mean scores for daily fruit and vegetable intake and a priori dietary 

patterns  

 

Results presented as Mean (SD), DASH-Dietary Approaches to Stop Hypertension, FV- fruit and vegetable, MDS-

Mediterranean Diet Score. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  
Maximum 

score available 

Daily FV intake (portions/day) (Mean (SD)) 8.8 (4.8) - 

A priori dietary pattern 

score 

(Mean (SD)) 

DASH score 20.1 (4.5) 34 

Prime score 17.0 (4.3) 40 

MDS  5.0 (1.9) 12 
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2.4.2.2 A posteriori dietary pattern analysis  

 

Principal component analysis, using missing data as zero, derived three DPs; Healthy, 

Unhealthy, and High Alcohol. Factor loadings for the food items in these DPs can be 

seen in Table 2.4. The Healthy DP had high factor loadings for vegetables, 

wholegrains, fruit, oily fish, dairy, fish, soups sauces and condiments, grains, higher 

fibre breads, poultry, eggs and nuts. The Unhealthy DP had high factor loadings for, 

processed meat, white bread, confectionary, fried potatoes, red meat, added sugar, 

other soft drinks, crisps, butter, soups sauces and condiments and lasagne/pizza. The 

High Alcohol DP had high factor loadings for coffee, wine, beer, other alcohol, grains, 

crisps, lasagne/pizza and butter, as well as negative loadings for cereals, natural 

potatoes and tea.  
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Table 2.4 Factor loadings of food groups for the dietary patterns identified using 

NICOLA FFQ dietary data  

     

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Dietary Pattern 1 

Healthy 

9.535% 

Dietary Pattern 2 

Unhealthy 

6.821% 

Dietary Pattern 3 

High Alcohol 

5.904% 

Food group 
Factor 

Loading 
Food group 

Factor 

Loading 
Food group 

Factor 

Loading 

Vegetables 0.698 Processed meat 0.578 Coffee 0.455 

Wholegrains 0.561 White bread 0.516 Wine 0.436 

Fruit 0.554 Confectionary 0.507 Beer 0.415 

Oily fish 0.478 Fried potatoes 0.492 Other alcohol 0.402 

Dairy 0.474 Red meat 0.474 Refined grains 0.272 

White fish 0.471 Added sugar 0.379 Crisps 0.252 

Soups, sauces, 

condiments 
0.450 Other soft drinks 0.376 Lasagne pizza 0.251 

Refined grains 0.424 Crisps 0.359 Butter -0.210 

Higher fibre breads 0.377 Butter 0.313 Margarine -0.266 

Poultry 0.349 
Soups, sauces, 

condiments 
0.313 Confectionary -0.268 

Eggs 0.323 Lasagne pizza 0.291 Higher fibre breads -0.357 

Nuts 0.304 Margarine 0.278 Cereals -0.384 

Tofu 0.233 Natural potatoes 0.265 Natural potatoes -0.425 

Lasagne pizza 0.231 Other alcohol 0.212 Tea -0.530 

Cereals 0.202     
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2.4.3 Factors affecting dietary intake and dietary patterns  

 

Table 2.5 displays the ability of NICOLA participants (aged either under 65 y or 65+ 

y) to carry out activities relating to diet and nutrition, including shopping for groceries 

and preparing meals, and experience of pain. Nearly half of participants aged either 

under 65 y or 65+ y were troubled with pain (47.2% and 46.3% respectively) , and 

65.8%  and 69.3% of those aged either under 65 y or 65+ y respectively who 

experienced pain felt that it made it difficult to carry out usual activities. Of those aged 

either under 65 y or 65+ y, 6% and 7.2% respectively had difficulty preparing a hot 

meal, whilst 9% and 11.5% experienced difficulty shopping for groceries.  
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Table 2.5 Ability of NICOLA wave one participants to carry out diet related activities  

 

 

 

Question  

Response 

(Nmax=8452) 

Yes 

(N (%)) 

No 

(N (%)) 

Other 

(N (%)) 

<65 y ≥65 y  <65 y ≥65 y  <65 y ≥65 y  

Are you often troubled with pain? 2060 (47.2) 1893 (46.3) 2272 (52.1) 2145 (52.5) 33 (0.7) 49 (1.2) 

Does the pain make it difficult for you to do your 

usual activities? 
1355 (65.8) 1311 (69.3) 702 (34.1) 578 (30.5) 3 (0.1) 4 (0.2) 

Do you have 

difficulty…  

walking 100m 572 (13.1) 829 (20.3) 3762 (86.2) 3216 (78.7) 31 (0.7) 42 (1) 

shopping for groceries 391 (9) 469 (11.5) 3940 (90.3) 3569 (87.3) 34 (0.8) 49 (1.2) 

eating e.g. cutting up food 87 (3.3) 97 (2.8) 2552 (96.6) 3314 (97.1) 2 (0.1) 2 (0.1) 

preparing a hot meal  263 (6) 293 (7.2) 4068 (93.2) 3745 (91.6) 34 (0.8) 49 (1.2) 

Do you… use special utensils to eat 17 (19.5) 12 (12.4) 70 (80.5) 83 (85.6) 0 (0) 2 (2.1) 

Does anyone help 

you with… 
eating 25 (28.7) 27 (27.8) 62 (71.3) 69 (71.1) 0 (0) 1 (1) 

‘Other’- includes the responses ‘refused to answer’ and ‘don’t know’. 
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2.4.3.1 Demographic factors 

 

There were significant differences between the Prime score and the High Alcohol DP 

score between adults aged under 65 y and those ages 65+ y; with those aged 65+ y 

having a higher Prime score but a lower High Alcohol and Unhealthy score (p<0.001, 

<0.001 and <0.05 respectively). These results can be seen in Table 2.6. Results from 

logistic regression models, seen in Table 2.7, found that after adjustment for gender 

and level of education, the Prime score was significantly associated with a greater 

likelihood of being aged 65+ y (p<0.001) and the High Alcohol and Unhealthy DPs 

were significantly associated with a greater likelihood of being aged under 65 y 

(p<0.001 and <0.001 respectively). No other associations between age and the other 

DPs or FV intake were observed (p>0.05).  

For both the a priori and a posteriori DPs, there were significant differences between 

males and females; with females having greater scores for the MDS, Prime score, 

DASH score and Healthy DP (p<0.001) and males having higher scores for the 

Unhealthy and High Alcohol DPs (p<0.001). Females also had significantly higher 

intakes of FV. These results can be seen in Table 2.8. Results from logistic regression 

models, both unadjusted and adjusted for age and level of education, in Table 2.9, 

found significant associations between FV intake and all of the DPs and gender, with 

FV intake, MDS, Prime score, DASH score and Healthy DP being significantly 

associated with a greater likelihood of being female(p<0.001), and the Unhealthy and 

High Alcohol DPs being associated with a greater likelihood of being male (p<0.001).   
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Table 2.6 Mean scores for FV intake and dietary patterns of NICOLA participants aged under 65 y and over 65 y 

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.7 The association between NICOLA FFQ dietary pattern and FV intake quintiles and age  

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for gender and education. Results from logistic regression model presented as odds ratio (95% Confidence Interval (CI)) for being 65+ in comparison to quintile 

1 (reference category). 1Odds ratio of being 65+ per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- 

quintile.

 Under 65 y ≥65 y P value 

Daily FV intake (Mean (SD)) 8.91 (4.91) 8.77 (4.61) 0.44 

DASH score (Mean (SD)) 20.21 (4.45) 19.90 (4.58) 0.07 

Prime Score (Mean (SD)) 16.63 (4.38) 17.34 (4.10) <0.001 

MDS (Mean (SD)) 4.98 (1.88) 4.96 (1.88) 0.74 

Healthy (Mean (SD)) 0.02 (1.05) -0.02 (0.94) 0.35 

Unhealthy (Mean (SD)) 0.06 (1.05) -0.06 (0.94) <0.05 

High alcohol (Mean (SD)) 0.17 (1.00) -0.20 (0.96) <0.001 

 
Daily FV 

intake  

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.99 (0.80, 1.23) 0.87 (0.70, 1.08) 1.05 (0.86, 1.27) 1.44 (1.16, 1.79) 1.33 (1.05, 1.67) 1.22 (0.97, 1.53) 0.72 (0.57, 0.91) 

Q3 1.05 (0.84, 1.32) 0.87 (0.69, 1.09) 1.00 (0.80, 1.24) 1.53 (1.21, 1.94) 1.09 (0.87, 1.37) 1.14 (0.90, 1.43) 0.51 (0.40, 0.64) 

Q4 1.13 (0.90, 1.43) 0.74 (0.59, 0.93) 1.03 (0.81, 1.32) 1.59 (1.27, 2.00) 1.07 (0.85, 1.34) 0.82 (0.65, 1.03) 0.50 (0.39, 0.63) 

Q5 0.89 (0.70, 1.12) 0.86 (0.68, 1.08) 0.95 (0.70, 1.28) 1.71 (1.34, 2.20) 1.01 (0.80, 1.27) 0.84 (0.67, 1.06) 0.31 (0.25, 0.40) 
1Per 5th  0.99 (0.94, 1.05) 0.95 (0.90, 1.00) 0.99 (0.94, 1.05) 1.13 (1.07, 1.19) 0.98 (0.93, 1.03) 0.93 (0.88, 0.98) 0.76 (0.72, 0.81) 

P value  0.77 0.05 0.80 <0.001 0.44 <0.05 <0.001 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.02 (0.82, 1.27) 0.94 (0.75, 1.18) 1.17 (0.96, 1.43) 1.54 (1.23, 1.92) 1.47 (1.16, 1.87) 1.15 (0.91, 1.46) 0.78 (0.62, 1.00) 

Q3 1.15 (0.91, 1.46) 0.95 (0.75, 1.21) 1.14 (0.90, 1.43) 1.71 (1.34, 2.18) 1.30 (1.02, 1.65) 1.03 (0.81, 1.30) 0.55 (0.43, 0.70) 

Q4 1.31 (1.03, 1.66) 0.83 (0.66, 1.05) 1.23 (0.95, 1.58) 1.94 (1.53, 2.47) 1.30 (1.02, 1.65) 0.67 (0.53, 0.86) 0.53 (0.42, 0.67) 

Q5 1.04 (0.82, 1.32) 0.99 (0.78, 1.26) 1.17 (0.86, 0.59) 2.30 (1.77, 2.98) 1.29 (1.02, 1.65) 0.67 (0.53, 0.85) 0.32 (0.25, 0.42) 
1Per 5th  1.04 (0.98, 1.09) 0.98 (0.93, 1.04) 1.04 (0.98, 1.11) 1.21 (1.14, 1.28) 1.04 (0.98, 1.10) 0.88 (0.83, 0.93) 0.77 (0.73, 0.81) 

P value  0.20 0.52 0.20 <0.001 0.17 <0.001 <0.001 
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Table 2.8 Mean scores for FV intake and dietary patterns of male and female NICOLA participants  

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.9 The association between NICOLA FFQ dietary pattern and FV intake quintiles and gender 

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age and education. Results from logistic regression model presented as odds ratio (95% CI) for being female in comparison to quintile 1 (reference 

category). 1Odds ratio of being female per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Male Female P value 

Daily FV intake (Mean (SD)) 7.93 (3.99) 9.65 (5.24) <0.001 

DASH score (Mean (SD)) 19.38 (4.37) 20.67 (4.56) <0.001 

Prime Score (Mean (SD)) 16.01 (4.20) 17.82 (4.15) <0.001 

MDS (Mean (SD)) 4.80 (1.90) 5.12 (1.84) <0.001 

Healthy (Mean (SD)) -0.16 (0.93) 0.14 (1.04) <0.001 

Unhealthy (Mean (SD)) 0.22 (1.02) -.019 (0.94) <0.001 

High alcohol (Mean (SD)) 0.14 (1.09) -0.12 (0.90) <0.001 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.24 (1.00, 1.53) 1.42 (1.14, 1.76) 1.35 (1.11, 1.63) 1.61 (1.30, 2.00) 1.50 (1.19, 1.89) 0.74 (0.58, 0.94) 1.13 (0.90, 1.43) 

Q3 1.70 (1.35, 2.15) 1.54 (1.22, 1.93) 1.60 (1.28, 2.01) 2.06 (1.63, 2.61) 1.71 (1.36, 2.16) 0.57 (0.45, 0.72) 1.01 (0.80, 1.28) 

Q4 2.16 (1.71, 2.73) 1.92 (1.54, 2.41) 1.74 (1.36, 2.23) 2.61 (2.07, 3.29) 2.16 (1.71, 2.72) 0.33 (0.26, 0.41) 0.79 (0.63, 1.00) 

Q5 3.13 (2.46, 4.00) 2.54 (2.00, 3.23) 1.43 (1.06, 1.92) 3.91 (3.01, 5.08) 2.74 (2.16, 3.48) 0.30 (0.24, 0.38) 0.54 (0.43, 0.69) 
1Per 5th  1.33 (1.26, 1.40) 1.24 (1.18, 1.31) 1.14 (1.07, 1.21) 1.37 (1.30, 1.45) 1.27 (1.20, 1.34) 0.72 (0.69, 0.76) 0.85 (0.81, 0.90) 

P value  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.24 (1.00, 1.53) 1.38 (1.11, 1.72) 1.32 (1.08, 1.60) 1.70 (1.37, 2.12) 1.52 (1.20, 1.92) 0.76 (0.59, 0.96) 1.04 (0.82, 1.32) 

Q3 1.70 (1.35, 2.14) 1.49 (1.18, 1.88) 1.56 (1.25, 1.96) 2.19 (1.73, 2.78) 1.67 (1.32, 2.12) 0.58 (0.46, 0.74) 0.89 (0.70, 1.13) 

Q4 2.15 (1.70, 2.73) 1.84 (1.47, 2.31) 1.68 (1.31, 2.16) 2.74 (2.17, 3.47) 2.11 (1.66, 2.67) 0.32 (0.25, 0.41) 0.68 (0.54, 0.86) 

Q5 3.08 (2.41, 3.93) 2.47 (1.94, 3.14) 1.34 (0.99, 1.81) 4.09 (3.14, 5.34) 2.65 (2.08, 3.36) 0.30 (0.23, 0.38) 0.44 (0.34, 0.56) 
1Per 5th  1.32 (1.25, 1.39) 1.23 (1.17, 1.30) 1.12 (1.05, 1.19) 1.39 (1.31, 1.47) 1.26 (1.19, 1.32) 0.72 (0.68, 0.76) 0.81 (0.77, 0.86) 

P value  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 
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2.4.3.2 Health behaviours 

 

Significant differences in DP scores were observed between those who drink alcohol 

currently and those who drank alcohol previously or do not drink alcohol. Scores for 

the Prime, MDS, Healthy and High Alcohol DP were higher for those who currently 

drink alcohol (p<0.05, <0.001, <0.05 and <0.001 respectively). These results can be 

seen in Table 2.10. Results from logistic regression models found, after adjustment for 

age, gender and level of education as seen in Table 2.11, significant associations 

between the Prime, MDS, Healthy and High Alcohol DP and a greater likelihood of 

consuming alcohol (all p<0.001), as well as an association between the Unhealthy DP 

and a greater likelihood of not consuming alcohol or consuming alcohol previously 

(p<0.05). No other associations between alcohol consumption and DP scores or FV 

intake were observed.  

Significant associations between physical activity and a number of the DPs were 

observed; including positive associations between physical activity and FV intake and 

scores for DASH, MDS, Prime and the Healthy DP (p<0.05, <0.001, <0.001, <0.001 

and <0.001 respectively, as seen in Table 2.12).  

Similarly, significant differences in DP scores were observed between those who 

smoke and those who do not. Non-smokers had significantly higher scores for the 

DASH, Prime and Healthy DPs (p<0.001, <0.05 and <0.001 respectively), whilst 

smokers had a significantly higher score for the High Alcohol and Unhealthy DPs 

(p<0.001). These results can be seen in Table 2.13. Results for logistic regression 

models, adjusted for age, gender and level of education, as seen in Table 2.14, found 

significant associations between the DASH score and a greater likelihood of not 

smoking, and significant associations between the High Alcohol and Unhealthy DPs 

and a greater likelihood of being a smoker (p<0.05, <0.001 and <0.05 respectively). 

A significant association was also observed between the Healthy DP and a greater 

likelihood of not smoking in the unadjusted model (p<0.05), however this lost 

significance in the fully adjusted model. No other associations between smoking and 

DP scores or FV intake were observed.   
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Table 2.10 Mean scores for FV intake and dietary patterns of NICOLA participants who consume and don’t consume alcohol   

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.11 The association between NICOLA FFQ dietary pattern and FV intake quintiles and alcohol consumption  

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for not consuming alcohol in comparison to quintile 1 (reference 

category). 1Odds ratio of not consuming alcohol per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Consume alcohol Don’t consume alcohol P value 

Daily FV intake (Mean (SD)) 8.81 (4.49) 8.90 (5.34) 0.66 

DASH score (Mean (SD)) 20.11 (4.45) 19.96 (4.66) 0.42 

Prime score (Mean (SD)) 17.13 (4.28) 16.60 (4.21) 0.002 

MDS (Mean (SD)) 5.25 (1.84) 4.34 (1.81) <0.001 

Healthy (Mean (SD)) 0.05 (0.98) -0.11 (1.03) <0.001 

Unhealthy (Mean (SD)) -0.01 (1.02) 0.02 (0.96) 0.52 

High alcohol (Mean (SD)) 0.20 (0.99) -0.42 (0.88) <0.001 

   

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.88 (0.71, 1.11) 0.97 (0.77, 1.22) 0.62 (0.51, 0.75) 0.95 (0.76, 1.18) 1.01 (0.80, 1.28) 1.08 (0.84, 1.38) 0.43 (0.34, 0.54) 

Q3 0.85 (0.67, 1.09) 0.85 (0.66, 1.09) 0.46 (0.36, 0.58) 0.82 (0.64, 1.05) 0.62 (0.49, 0.80) 1.27 (0.99, 1.62) 0.35 (0.27, 0.44) 

Q4 0.74 (0.58, 0.96) 0.77 (0.61, 0.98) 0.29 (0.22, 0.39) 0.77 (0.60, 0.98) 0.69 (0.54, 0.88) 1.21 (0.94, 1.55) 0.22 (0.17, 0.29) 

Q5 0.94 (0.73, 1.20) 0.97 (0.76, 1.24) 0.16 (0.10, 0.24) 0.68 (0.52, 0.89) 0.51 (0.39, 0.65) 1.20 (0.94, 1.54) 0.11 (0.08, 0.15) 
1Per 5th  0.97 (0.92, 1.02) 0.97 (0.92, 1.02) 0.66 (0.61, 0.71) 0.91 (0.86, 0.96) 0.84 (0.80, 0.89) 1.05 (0.99, 1.11) 0.61 (0.57, 0.64) 

P value  0.25 0.24 <0.001 <0.05 <0.001 0.09 <0.001 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.86 (0.69, 1.09) 0.99 (0.78, 1.25) 0.60 (0.49, 0.73) 0.83 (0.66, 1.05) 0.94 (0.74, 1.20) 1.06 (0.82, 1.37) 0.45 (0.36, 0.57) 

Q3 0.81 (0.63, 1.04) 0.85 (0.66, 1.09) 0.44 (0.34, 0.56) 0.69 (0.53, 0.89) 0.60 (0.47, 0.77) 1.29 (1.00, 1.66) 0.39 (0.30, 0.49) 

Q4 0.69 (0.53, 0.90) 0.78 (0.61, 1.01) 0.27 (0.20, 0.36) 0.64 (0.50, 0.83) 0.65 (0.51, 0.84) 1.35 (1.04, 1.75) 0.25 (0.20, 0.33) 

Q5 0.89 (0.69, 1.14) 0.95 (0.74, 1.23) 0.16 (0.10, 0.24) 0.56 (0.42, 0.74) 0.48 (0.37, 0.62) 1.34 (1.03, 1.74) 0.14 (0.10, 0.18) 
1Per 5th  0.95 (0.90, 1.01) 0.96 (0.91, 1.02) 0.65 (0.60, 0.70) 0.87 (0.81, 0.92) 0.83 (0.78, 0.88) 1.09 (1.02, 1.15) 0.63 (0.60, 0.68) 

P value  0.10 0.20 <0.001 <0.001 <0.001 <0.05 <0.001 
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Table 2.12 The association between NICOLA FFQ dietary pattern and FV intake quintiles and physical activity  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from univariate general linear model presented as beta value (95% CI) for physical activity in comparison to quintile 1 (reference 

category). 1Beta value of physical activity per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile. 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 551.97  

(182.81, 921.14) 

35.37  

(-342.89, 413.62) 

456.93  

(116.34, 797.52) 

-158.05  

(-530.24, 214.14) 

241.82  

(-160.38, 644.01) 

-322.79 

(-725.23, 79.64) 

-24.01 

(-427.23, 379.21) 

Q3 278.29  

(-121.14, 677.72) 

366.77  

(-33.82, 767.36) 

436.42  

(46.67, 826.17) 

225.32  

(-179.02, 629.67) 

419.95  

(18.10, 821.80) 

-228.78 

(-631.91, 174.35) 

-302.96 

(-705.83, 99.91) 

Q4 428.36  

(24.25, 832.46) 

345.35  

(-44.22, 734.92) 

592.32  

(165.28, 1019.35) 

171.89  

(-223.18, 566.95) 

609.99  

(207.27, 1012.70) 

-373.49 

(-776.27, 29.29) 

-42.25 

(-444.60, 360.10) 

Q5 355.91  

(-50.07, 761.88) 

451.22  

(44.93, 857.51) 

793.17  

(272.71, 1313.62) 

334.71  

(-94.29, 763.7) 

532.71  

(130.17, 935.25) 

93.42 

(-309.01,  495.86) 

88.85 

(-313.50, 491.20) 
1Per 5th  61.64  

(-28.65, 151.93) 

122.73  

(32.89, 212.57) 

170.83 

(66.43, 275.22) 

101.15  

(8.23, 194.07) 

143.33  

(53.35, 233.31) 

13.96 

(-76.09, 104.01) 

16.05 

(-73.96, 106.06) 

P value  0.18 <0.05 <0.05 <0.05 <0.05 0.76 0.73 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 601.88  

(236.26, 967.50) 

93.33  

(-281.938,468.59) 

515.69  

(177.18, 854.20) 

6.82  

(-363.45, 377.10) 

361.83 

(-37.78, 761.43) 

-365.36 

(-764.43, 33.71) 

-60.60 

(-461.64, 340.43) 

Q3 407.64  

(10.42 804.86) 

441.13  

(43.31, 838.96) 

529.34  

(141.57, 917.10) 

454.55  

(50.79, 858.32) 

538.99 

(138.37, 939.61) 

-333.08 

(-733.84, 67.69) 

-408.95 

(-811.53, -6.37) 

Q4 610.84  

(207.28, 1014.39) 

455.69  

(67.34, 844.03) 

699.25  

(273.77, 1124.72) 

452.82 

(55.00, 850.63) 

781.49 

(378.57, 1184.42) 

-640.00 

(-1046.14, -233.85) 

-216.37 

(-619.78, 187.05) 

Q5 593.33  

(185.18, 1001.49) 

637.62  

(231.04, 1044.21) 

835.41  

(317.33, 1353.49) 

705.49  

(269.20, 1141.77) 

748.90 

(343.44, 1154.37) 

-180.65 

(-587.44, 226.13) 

-227.53 

(-637.99, 182.94) 
1Per 5th  122.91  

(31.71, 214.10) 

164.82  

(74.80, 254.83) 

190.99  

(86.78, 295.21) 

187.53  

(92.57, 282.50) 

191.34 

(100.52, 282.16) 

-62.31 

(-154.23, 29.62) 

-61.01 

(-153.11, 31.09) 

P value  <0.05 <0.001 <0.001 <0.001 <0.001 0.18 0.19 
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Table 2.13 Mean scores for FV intake and dietary patterns of NICOLA participants who smoke and those who don’t  

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.14 The association between NICOLA FFQ dietary pattern and FV intake quintiles and smoking  

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for not smoking in comparison to quintile 1 (reference 

category). 1Odds ratio of not smoking per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Smokers Non-smokers P value 

Daily FV intake (Mean (SD)) 8.61 (4.76) 9.04 (4.77) <0.05 

DASH score (Mean (SD)) 19.71 (4.56) 20.36 (4.45) <0.001 

Prime score (Mean (SD)) 16.72 (4.27) 17.17 (4.25) <0.05 

MDS (Mean (SD)) 4.91 (1.92) 5.01 (1.84) 0.15 

Healthy (Mean (SD)) -0.05 (0.98) 0.04 (1.01) <0.05 

Unhealthy (Mean (SD)) 0.10 (1.04) -0.08 (0.96) <0.001 

High alcohol (Mean (SD)) 0.21 (1.08) -0.18 (0.89) <0.001 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.40 (1.13, 1.73) 1.16 (0.93, 1.44) 1.20 (0.99, 1.46) 1.16 (0.94, 1.44) 1.52 (1.21, 1.92) 1.17 (0.92, 1.47) 0.79 (0.63, 1.01) 

Q3 1.54 (1.22, 1.94) 1.45 (1.15, 1.82) 1.30 (1.04, 1.63) 1.22 (0.97, 1.54) 1.50 (1.19, 1.88) 1.04 (0.83, 1.31) 0.69 (0.54, .87) 

Q4 1.33 (1.05, 1.67) 1.43 (1.15, 1.79) 1.28 (1.00, 1.63) 1.28 (1.02, 1.60) 1.66 (1.32, 2.10) 0.86 (0.68, 1.08) 0.55 (0.44, 0.70) 

Q5 1.45 (1.15, 1.83) 1.38 (1.09, 1.74) 0.99 (0.74, 1.34) 1.38 (1.08, 1.77) 1.48 (1.17, 1.86) 0.69 (0.55, 0.87) 0.35 (0.27, .44) 
1Per 5th  1.08 (1.02, 1.13) 1.10 (1.04, 1.15) 1.03 (0.97, 1.10) 1.08 (1.02, 1.14) 1.09 (1.04, 1.15) 0.90 (0.86, 0.95) 0.78 (0.74, 0.82) 

P value  <0.05 <0.05 0.30 <0.05 <0.05 <0.001 <0.001 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.36 (1.10, 1.69) 1.09 (0.88, 1.36) 1.14 (0.94, 1.39) 1.10 (0.89, 1.37) 1.45 (1.15, 1.83) 1.23 (0.97, 1.56) 0.74 (0.58, 0.94) 

Q3 1.43 (1.13, 1.80) 1.35 (1.07, 1.70) 1.21 (0.96, 1.51) 1.12 (0.88, 1.42) 1.38 (1.09, 1.74) 1.14 (0.90, 1.44) 0.63 (0.50, 0.81) 

Q4 1.18 (0.94, 1.50) 1.29 (1.03, 1.62) 1.16 (0.91, 1.49) 1.12 (0.89, 1.41) 1.48 (1.17, 1.88) 1.00 (0.79, 1.27) 0.52 (0.41, 0.66) 

Q5 1.23 (0.97, 1.56) 1.20 (0.95, 1.52) 0.91 (0.67, 1.23) 1.15 (0.89, 1.48) 1.26 (1.00, 1.60) 0.81 (0.64, 1.03) 0.33 (0.25, 0.42) 
1Per 5th  1.03 (0.98, 1.09) 1.06 (1.01, 1.12) 1.01 (0.95, 1.07) 1.03 (0.97, 1.09) 1.05 (1.00, 1.11) 0.94 (0.89, 0.99) 0.77 (0.73, 0.82) 

P value  0.23 <0.05 0.83 0.30 0.07 <0.05 <0.001 
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2.4.3.3 Health status 

 

Significant associations were observed between a number of the DP scores and BMI. 

A positive association was observed between scores for the High Alcohol and 

Unhealthy DPs and BMI (p<0.05 and <0.001 respectively), and a negative association 

between BMI and scores for the MDS, Prime and Healthy DP score (all p<0.001). 

These results can be seen in Table 2.15.  

Significant differences in FV intake and DP scores were observed between those with 

good self-reported health and those with poor self-reported health. Those with good 

self-reported health had significantly higher FV intakes and scores for DASH, Prime, 

MDS and the Healthy DP and significantly lower scores for the Unhealthy DP when 

compared to those with poor self-reported health (p<0.05, <0.05, <0.001, <0.001, 

<0.05 and <0.001 respectively, as seen in Table 2.16). Results from logistic regression 

models, adjusted for age, gender and level of education as seen in Table 2.17, found 

significant associations between intakes of FV and both the a priori and a posteriori 

DP scores and self-reported health status. FV intake and scores for DASH, Prime, 

MDS, and the Healthy and High Alcohol DP were significantly associated with a 

greater likelihood of good health (p<0.05, <0.05, <0.001, <0.001, <0.001 and <0.001 

respectively). The Unhealthy DP was significantly associated with a greater likelihood 

of poor health (p<0.05).  

Significant differences in the scores for Prime, MDS, and Unhealthy DPs were 

observed between those who had a long-term condition and those who did not; with 

those without a long-term condition having significantly higher scores for Prime and 

MDS and a lower Unhealthy DP score compared to those with a long-term condition 

(p<0.05, <0.05 and <0.05 respectively). These results can be seen in Table 2.18. 

Results from logistic regression models, adjusted for age, gender and level of 

education as seen in Table 2.19, found significant associations between MDS and 

Prime scores and a greater likelihood of not having a having a long-term condition 

(p<0.05 and <0.05 respectively), and between the Unhealthy DP score and a greater 

likelihood of having a long-term condition (p<0.05). No other associations between 

DP scores or FV intake and having a long-term condition were observed.  



76 
 

No significant differences in FV intake or the a priori or a posteriori DP scores were 

observed between those with a cancer diagnosis and those without (p>0.05, as seen in 

Table 2.20- Appendix 6). Similarly, no associations were observed between the DP 

scores or FV intake and having cancer (p>0.05, as seen in Table 2.21- Appendix 6).  

Significant differences in MDS and the Unhealthy DP score were observed between 

those with a CVD condition and those without; with those individuals with a CVD 

condition having a higher score for the Unhealthy DP but a lower MDS score (p<0.05 

and <0.05 respectively). These results can be seen in Table 2.22 (Appendix 6). In the 

unadjusted model the Healthy DP was significantly associated with a greater 

likelihood of not having a CVD condition (p<0.05), and MDS was significantly 

associated with a greater likelihood of not having a CVD condition (p<0.05) however 

these lost significance in the fully adjusted model (p>0.05). No other associations were 

observed between the DPS or FV intake and having a CVD condition. These results 

can be seen in Table 2.23 (Appendix 6).  

Significant differences in scores for DASH, Prime, MDS and the Healthy DP were 

observed between those who have a respiratory condition (including asthma, 

emphysema and chronic bronchitis), with those without a respiratory condition having 

higher scores (p<0.05, <0.05, <0.001 and <0.05 respectively, as seen in Table 2.24-

Appendix 6). Results from logistic regression models, adjusted for age, gender and 

level of education as seen in Table 2.25 (Appendix 6), found significant associations 

between scores for MDS, Prime and the Healthy DP and a greater likelihood of not 

having a respiratory condition (p<0.05, <0.05 and <0.05 respectively). No other 

associations were observed between FV intake or DP scores and having a respiratory 

condition.  

No significant differences in FV intake or the a priori or a posteriori DP scores were 

observed between those Parkinson’s disease and those without (p>0.05). Similarly, no 

associations were observed between the DP scores or FV intake and having 

Parkinson’s disease (p>0.05). These results can be seen in Tables 2.26 and 2.27 

(Appendix 6).  

Significant differences in scores for Prime and the High Alcohol DPs were observed 

between those who have osteoporosis and those who do not; with those with 

osteoporosis having a higher Prime score and a higher Unhealthy score and a lower 
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High Alcohol DP score compared to those without osteoporosis (p<0.05 <0.001 and 

<0.05 respectively, as seen in Table 2.28- Appendix 6).  In the unadjusted logistic 

regression models there were significant associations between Prime score and a 

greater likelihood of having osteoporosis, and between the Unhealthy and High 

Alcohol DPs and a greater likelihood of not having osteoporosis (p<0.05, <0.05 and 

<0.05 respectively, as seen in Table 2.29-Appendix 6) however these lost significance 

in the fully adjusted models.  

No significant differences in FV intake or the a priori or a posteriori DP scores were 

observed between those Alzheimer’s, Dementia or serious memory impairment and 

those without (p>0.05). Similarly, no associations were observed between the DP 

scores or FV intake and having Alzheimer’s (p>0.05). These results can be seen in 

Tables 2.30 and 2.31 (Appendix 6).  

Significant differences in scores for Prime, MDS, and the Healthy, Unhealthy and 

High Alcohol DPs were observed between those with cognitive impairment (MoCA 

score<26) and those without cognitive impairment (MoCA score≥26). Those without 

cognitive impairment had higher Prime, MDS, Healthy and High Alcohol DP scores 

compared to those with cognitive impairment (p<0.05, <0.001, <0.05 and <0.001 

respectively, as seen in Table 2.32-Appendix 6). Results from logistic regression 

models, adjusted for age, gender and level of education, found significant associations 

between MDS, Healthy and High Alcohol DP scores and a greater likelihood of not 

having cognitive impairment (p<0.05, <0.05 and <0.001 respectively, as seen in Table 

2.33- Appendix 6). Significant associations were found between the Unhealthy DP 

and a greater likelihood of having cognitive impairment in the unadjusted model 

(p<0.05), however this lost significance in the fully adjusted model (p>0.05).  

Significant differences in the DASH, Prime, MDS and Unhealthy DP scores were 

observed between those with and without vision loss; with those without vision loss 

having a lower Unhealthy and High Alcohol DP score and higher scores for DASH, 

Prime and MDS compared to those with vision loss (p<0.001, <0.05, <0.05, <0.05 and 

<0.001 respectively, as seen in Table 2.34- Appendix 6). Results from logistic 

regression models, adjusted for age, gender and level of education, found significant 

associations between FV intakes and scores for DASH, MDS, Prime and the Healthy 

DP and a greater likelihood of not having vision loss (p<0.05, <0.05, <0.04 and <0.05 
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respectively as seen in Table 2.35- Appendix 6) and a significant association between 

scores for the Unhealthy and High Alcohol DPs and a greater likelihood of having 

vision loss (p<0.05 and <0.05 respectively). 
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Table 2.15 The association between NICOLA FFQ dietary pattern and FV intake quintiles and BMI  

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from univariate general linear model presented as beta value (95% CI) for BMI in comparison to quintile 1 (reference category). 1Beta 

value of BMI per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile. 

 

 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 -0.80 (-1.37, -0.27) -0.28 (-0.84, 0.29) -1.54 (-2.05, -1.04) 0.14 (-0.42, 0.69) -0.51 (-1.11, 0.09) 0.69 (0.09, 1.28) 0.12 (-0.49, 0.72) 

Q3 -1.13 (-1.73, -0.54) -0.57 (-1.17, 0.03) -1.90 (-2.48, -1.32) -0.37 (-0.97, 0.24) -1.28 (-1.88, -0.68) 1.21 (0.62, 1.81) 0.52 (-0.09, 1.12) 

Q4 -0.93 (-1.54, -0.33) -0.52 (-1.10, 0.06) -2.30 (-2.93, -1.66) -1.11 (-1.70, -0.52) -1.31 (-1.91, -0.71) 2.05 (1.45, 2.65) 0.46 (-0.15, 1.06) 

Q5 0.11 (-0.50, 0.72) 0.21 (-0.40, 0.82) -2.21 (-2.98, -1.44) -1.55 (-2.19, -0.91) -1.06 (-1.66, -0.46) 2.18 (1.59, 2.78) 0.56 (-0.04, 1.16) 
1Per 5th  -0.01 (-0.15, 0.12) 0.00 (-0.14, 0.13) -0.58 (-0.74, -0.43) -0.43 (-0.57, -0.29) -.29 (-0.43, -0.16) 0.57 (0.44, 0.71) 0.15 (0.01, 0.28) 

P value  0.84 0.97 <0.001 <0.001 <0.001 <0.001 <0.05 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 -0.78 (-1.33, -0.23) -0.20 (-0.77, 0.36) -1.47 (-1.98, -0.97) 0.19 (-0.37, 0.74) -0.41 (-1.01, 0.20) 0.68 (0.08, 1.27) 0.20 (-0.40, 0.80) 

Q3 -1.05 (-1.65, -0.46) -0.50 (-1.10, 0.10) -1.81 (-2.39, -1.23) -0.29 (-0.90, 0.31) -1.14 (-1.74, -0.53) 1.18 (0.58, 1.78) 0.59 (-0.02, 1.19) 

Q4 -0.78 (-1.39, -0.17) -0.43 (-1.01, 0.16) -2.18 (-2.81, -1.55) -1.00 (-1.59, -0.40) -1.18 (-1.78, -0.57) 1.96 (1.36, 2.57) 0.51 (-0.10, 1.12) 

Q5 0.27 (-0.34, 0.89) 0.30 (-0.20, 0.97) -2.07 (-2.85, -1.30) -1.36 (-2.02, -0.70) -0.88 (-1.49, -0.26) 2.09 (1.48, 2.69) 0.57 (-0.05, 1.18) 
1Per 5th  0.03 (-0.11, 0.17) 0.03 (-0.11, 0.17) -0.55 (-0.70, -0.39) -0.39 (-0.53, -0.25) -0.25 (-0.39, -0.11) 0.55 (0.41, 0.68) 0.14 (0.01, 0.28) 

P value  0.67 0.68 <0.001 <0.001 <0.001 <0.001 <0.05  
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Table 2.16 Mean scores for FV intake and dietary patterns of NICOLA participants with good or poor self-reported health   

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.17 The association between NICOLA FFQ dietary pattern and FV intake quintiles and self-reported health status  

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having poor health in comparison to quintile 1 (reference 

category). 1Odds ratio of having poor health per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Good self-reported health Poor self-reported health P value 

Daily FV intake (Mean (SD)) 8.98 (4.59) 8.45 (5.26) <0.05 

DASH score (Mean (SD)) 20.24 (4.37) 19.55 (4.87) <0.05 

Prime score (Mean (SD)) 17.24 (4.25) 16.17 (4.23) <0.001 

MDS (Mean (SD)) 5.11 (1.82) 4.54 (1.97) <0.001 

Healthy (Mean (SD)) 0.03 (0.97) -0.10 (1.07) <0.05 

Unhealthy (Mean (SD)) -0.06 (0.97) 0.17 (1.07) <0.001 

High alcohol (Mean (SD)) -0.01 (0.98) 0.03 (1.06) 0.39 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.60 (0.47, 0.76) 0.73 (0.58, 0.93) 0.63 (0.51, 0.78) 0.75 (0.60, 0.95) 0.67 (0.52, 0.86) 1.17 (0.88, 1.55) 0.91 (0.70, 1.19) 

Q3 0.52 (0.40, 0.67) 0.63 (0.49, 0.82) 0.49 (0.38, 0.63) 0.72 (0.56, 0.93) 0.52 (0.40, 0.67) 1.46 (1.11, 1.91) 1.06 (0.81, 1.37) 

Q4 0.55 (0.42, 0.72) 0.58 (0.45, 0.75) 0.50 (0.38, 0.67) 0.55 (0.43, 0.72) 0.46 (0.35, 0.60) 1.53 (1.16, 2.01) 0.98 (0.75,1.27) 

Q5 0.65 (0.50, 0.84) 0.68 (0.53, 0.89) 0.47 (0.33, 0.67) 0.49 (0.37, 0.66) 0.59 (0.46, 0.77) 1.76 (1.35, 2.31) 1.07 (0.83, 1.40) 
1Per 5th  0.89 (0.84, 0.95) 0.90 (0.84, 0.95) 0.81 (0.75, 0.87) 0.84 (0.79, 0.89) 0.86 (0.81, 0.91) 1.15 (1.08, 1.22) 1.02 (0.96, 1.08) 

P value  <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.48 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.60 (0.47, 0.76) 0.76 (0.59, 0.96) 0.65 (0.52, 0.80) 0.73 (0.58, 0.93) 0.67 (0.52, 0.87) 1.14 (0.86, 1.52) 0.97 (0.74, 1.27) 

Q3 0.52 (0.40, 0.68) 0.66 (0.50, 0.85) 0.51 (0.39, 0.66) 0.70 (0.54, 0.90) 0.54 (0.42, 0.71) 1.42 (1.08, 1.87) 1.16 (0.89, 1.52) 

Q4 0.56 (0.43, 0.74) 0.61 (0.47, 0.79) 0.53 (0.40, 0.70) 0.55 (0.42, 0.71) 0.48 (0.37, 0.63) 1.50 (1.14, 1.99) 1.08 (0.82, 1.41) 

Q5 0.67 (0.52, 0.87) 0.72 (0.55, 0.93) 0.51 (0.35, 0.73) 0.49 (0.37, 0.67) 0.63 (0.49, 0.82) 1.71 (1.30, 2.25) 1.23 (0.93, 1.61) 
1Per 5th  0.90 (0.85, 0.96) 0.91 (0.85, 0.96) 0.82 (0.77, 0.89) 0.84 (0.79, 0.90) 0.88 (0.83, 0.93) 1.14 (1.07, 1.22) 1.05 (0.99, 1.12) 

P value  <0.05 <0.05 <0.001 <0.001 <0.001 <0.001 0.10 
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Table 2.18 Mean scores for FV intake and dietary patterns of NICOLA participants with and without a long-term condition   

  

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.19 The association between NICOLA FFQ dietary pattern and FV intake quintiles and having a long-term condition   

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for not having a long-term condition in 

comparison to quintile 1 (reference category). 1Odds ratio of not having a long-term condition per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to 

Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Long-term health condition No long-term health condition P value 

Daily FV intake (Mean (SD)) 8.82 (4.86) 8.87 (4.70) 0.77 

DASH score (Mean (SD)) 20.11 (4.59) 20.03 (4.46) 0.67 

Prime score (Mean (SD)) 16.77 (4.29) 17.14 (4.25) 0.02 

MDS (Mean (SD)) 4.84 (1.92) 5.07 (1.84) <0.05 

Healthy (Mean (SD)) -0.01 (1.01) 0.01 (0.99) 0.63 

Unhealthy (Mean (SD)) 0.06 (1.03) -0.05 (0.97) <0.05 

High alcohol (Mean (SD)) -0.01 (1.01) 0.01 (0.99) 0.53 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Q2 1.31 (1.06, 1.63) 0.97 (0.78, 1.20) 1.15 (0.95, 1.40) 1.07 (0.87, 1.33) 1.18 (0.93, 1.48) 0.96 (0.76, 1.21) 1.02 (0.81, 1.28) 

Q3 1.20 (0.95, 1.50) 0.96 (0.76, 1.21) 1.52 (1.21, 1.90) 1.15 (0.91, 1.45) 1.22 (0.97, 1.53) 0.84 (0.67, 1.06) 0.98 (0.78, 1.23) 

Q4 1.11 (0.88, 1.40) 0.96 (0.77, 1.20) 1.18 (0.93, 1.51) 1.30 (1.04, 1.63) 1.32 (1.04, 1.66) 0.84 (0.67, 1.06) 1.32 (1.04, 1.66) 

Q5 1.09 (0.86, 1.37) 0.94 (0.75, 1.19) 1.31 (0.97, 1.77) 1.28 (1.00, 1.64) 1.11 (0.88, 1.39) 0.76 (0.60, 0.95) 1.05 (0.84, 1.33) 
1Per 5th  1.00 (0.95, 1.06) 0.99 (0.94, 1.04) 1.08 (1.01, 1.14) 1.07 (1.02, 1.13) 1.03 (0.98, 1.09) 0.93 (0.89, 0.98) 1.04 (0.98, 1.09) 

P value  0.92 0.61 <0.05 <0.05 0.23 <0.05 0.18 

Fully adjusted  

Q1 Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Q2 1.32 (1.07, 1.64) 0.97 (0.78, 1.20) 1.16 (0.95, 1.41) 1.12 (0.91, 1.39) 1.21 (0.96, 1.52) 0.96 (0.76, 1.21) 1.00 (0.79, 1.26) 

Q3 1.22 (0.97, 1.53) 0.96 (0.76, 1.21) 1.54 (1.23, 1.93) 1.23 (0.97, 1.55) 1.23 (0.98, 1.56) 0.83 (0.66, 1.05) 0.93 (0.74, 1.17) 

Q4 1.14 (0.90, 1.44) 0.96 (0.76, 1.20) 1.20 (0.94, 1.53) 1.39 (1.10, 1.75) 1.34 (1.06, 1.70) 0.79 (0.62, 1.00) 1.24 (0.98, 1.57) 

Q5 1.12 (0.88, 1.41) 0.96 (0.75, 1.21) 1.30 (0.96, 1.76) 1.40 (1.08, 1.80) 1.14 (0.90, 1.43) 0.71 (0.56, 0.90) 0.95 (0.75. 1.21) 
1Per 5th  1.01 (0.96, 1.07) 0.99 (0.94, 1.04) 1.08 (1.01, 1.14) 1.10 (1.04, 1.16) 1.04 (0.98, 1.09) 0.92 (0.87, 0.97) 1.01 (0.96, 1.07) 

P value  0.70 0.68 <0.05 <0.05 0.19 <0.05 0.65 
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2.4.3.4 Psychological factors  

 

Significant associations were observed between a number of the DPs and GHQ12 

score. A negative association was observed between MDS and GHQ12 score (p<0.05) 

and a positive association was observed between GHQ12 score and the Unhealthy DP 

score (p<0.001). These results can be seen in Table 2.36.  

No significant differences in FV intake or the a priori or a posteriori DP scores were 

observed between those with an emotional or psychological problem and those 

without (p>0.05). As seen in Table 2.38, a significant association was observed 

between the Unhealthy DP score and a greater likelihood of having an emotional or 

psychological problem (p<0.05). No other significant associations were observed.  
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Table 2.36 The association between NICOLA FFQ dietary pattern and FV intake quintiles and depression (GHQ-12 score)  

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from univariate general linear model presented as beta value (95% CI) for GHQ12 score in comparison to quintile 1 (reference category). 
1difference Beta value of GHQ12 score per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score.  Q- quintile. 

 

 

 

 

 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 -0.35 (-0.90, 0.21) 0.12 (-0.45, 0.69) -0.43 (-0.95, 0.08) -0.25 (-0.81, 0.31) -0.42 (-1.03, 0.19) 0.30 (-0.29, 0.90) -0.89 (-1.49, -0.28) 

Q3 -0.70 (-1.30, -0.11)  -0.16 (-0.76, 0.44) -0.49 (-1.08, 0.09) -0.27 (-0.87, 0.33) -0.46 (-1.06, 0.14) 0.31 (-0.29, 0.91) -0.84 (-1.45, -0.24) 

Q4 -0.51 (-1.11, 0.10) -0.46 (-1.04, 0.12) -0.37 (-1.01, 0.27) -0.54 (-1.13, 0.05) -0.67 (-1.28, -0.07) 0.56 (-0.04, 1.16) -0.50 (-1.11, 0.10) 

Q5 -0.42 (-1.03, 0.19) -0.14 (-0.75,0.46) -1.14 (-1.91, -0.36) -0.67 (-1.31, -0.02) -0.37 (-0.98, 0.23) 1.19 (0.58, 1.79) -0.06 (-0.67, 0.54) 
1Per 5th  -0.11 (-0.24, 0.03) -0.09 (-0.23, 0.04) -0.19 (-0.35, -0.03) -0.16 (-0.30, -0.02) -0.10 (-0.23, 0.04) 0.26 (0.13, 0.40) 0.31 (-0.10, 0.17) 

P value  0.12 0.07 <0.05 <0.05 0.16 <0.001 0.65 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 -0.37 (0.92, 0.18) 0.04 (-0.52, 0.61) -0.41 (-0.91, 0.10) -0.18 (-0.73, 0.38) -0.34 (-0.94, 0.206) 0.41 (-0.18, 1.00) -0.98 (-1.58, -0.38) 

Q3 -0.74 (-1.34, -0.15) -0.24 (-0.84, 0.35) -0.49 (-1.08, 0.09) -0.18 (-0.78, 0.42) -0.45 (-1.04, 0.16) 0.44 (-0.16, 1.03) -1.09 (-1.69, -0.49) 

Q4 -0.51 (-1.12, 0.09) -0.62 (-1.20, -0.04) -0.35 (-0.98, 0.29) -0.46 (-1.05, 0.14) -0.72 (-1.32, -0.11) 0.59 (-0.02, 1.19) -0.72 (-1.32, -0.11) 

Q5 -0.56 (-1.17, 0.05) -0.25 (-0.86, 0.35) -1.15 (-1.92, -0.38) -0.59 (-1.25, 0.06) -0.45 (-1.06, 0.16) 1.30 (0.70, 1.91) -0.44 (-1.05, 0.17) 
1Per 5th  -0.13 (-0.27, 0.00) -0.12 (-0.26, 0.01) -0.19 (-0.35, -0.04) -0.14 (-0.29, 0.00) -.126 (-0.26, 0.01) 0.28 (0.14, 0.42) -0.06 (-0.19, 0.08) 

P value  0.06 0.07 <0.05 0.05 0.07 <0.001 0.42 
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Table 2.37 Mean scores for FV intake and dietary patterns of NICOLA participants with and without an emotional or psychological problem   

 

  

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.38 The association between NICOLA FFQ dietary pattern and FV intake quintiles and emotional or psychological problems   

 

  

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having an emotional or psychological problem in 

comparison to quintile 1 (reference category). 1Odds ratio of having an emotional or psychological problem per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to 

Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Emotional problem No emotional problem P value 

Daily FV intake (Mean (SD)) 8.77 (4.81) 8.85 (4.77) 0.74 

DASH score (Mean (SD)) 20.06 (4.66) 20.07 (4.49) 0.97 

Prime score (Mean (SD)) 16.74 (4.25) 17.01 (4.27) 0.24 

MDS (Mean (SD)) 4.93 (1.91) 4.97 (1.88) 0.71 

Healthy (Mean (SD)) 0.06 (0.99) 0.0 (1.00) 0.20 

Unhealthy (Mean (SD)) 0.04 (1.03) -0.01 (1.00) 0.42 

High alcohol (Mean (SD)) 0.04 (0.94) -0.01 (1.01) 0.32 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.77 (0.57, 1.04) 0.88 (0.64, 1.20) 0.93 (0.70, 1.23) 1.01 (0.74, 1.36) 0.88 (0.63, 1.23) 0.91 (0.65, 1.28) 1.12 (0.80, 1.56) 

Q3 0.85 (0.61, 1.17) 0.93 (0.67, 1.28) 1.09 (0.80, 1.49) 1.07 (0.78, 1.48) 0.97 (0.70, 1.35) 1.10 (0.79, 1.53) 1.14 (0.82, 1.58) 

Q4 0.81 (0.58, 1.12) 0.93 (0.68, 1.28) 1.06 (0.75, 1.49) 0.99 (0.72, 1.36) 0.87 (0.62, 1.22) 1.05 (0.75, 1.46) 1.05 (0.75, 1.46) 

Q5 0.97 (0.71, 1.34) 1.00 (0.72, 1.38) 0.83 (0.54, 1.30) 0.75 (0.52, 1.09) 1.23 (0.90,1.69) 1.16 (0.84, 1.60) 1.15 (083, 1.60) 
1Per 5th  1.00 (0.92, 1.07) 1.00 (0.93, 1.08) 1.00 (0.92, 1.09) 0.96 (0.89, 1.03) 1.05 (0.97, 1.13) 1.04 (0.97, 1.12) 1.02 (0.95, 1.10) 

P value  0.89 0.96 0.97 0.24 0.24 0.25 0.57 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.74 (0.54, 1.00) 0.81 (0.59, 1.11) 0.89 (0.67, 1.18) 0.99 (0.73, 1.34) 0.86 (0.61, 1.21) 0.99 (0.70, 1.40) 1.01 (0.72, 1.41) 

Q3 0.78 (0.56, 1.09) 0.84 (0.60, 1.17) 1.01 (0.73, 1.38) 1.04 (0.75, 1.45) 0.91 (0.65, 1.27) 1.24 (0.89, 1.73) 0.97 (0.69, 1.36) 

Q4 0.73 (0.52, 1.02) 0.79 (0.57, 1.09) 0.97 (0.68, 1.37) 0.92 (0.66, 1.28) 0.77 (0.55, 1.09) 1.22 (0.86, 1.71) 0.91 (0.64, 1.29) 

Q5 0.79 (0.57, 1.10) 0.83 (0.60, 1.16) 0.75 (0.48, 1.17) 0.66 (0.45, 0.97) 1.05 (0.76, 1.45) 1.38 (0.99, 1.94) 0.98 (0.69, 1.38) 
1Per 5th  0.95 (0.88, 1.03) 0.96 (0.89, 1.03) 0.97 (0.89, 1.06) 0.93 (0.86, 1.00) 1.00 (0.93, 1.08) 1.09 91.01, 1.18) 0.99 (0.91, 1.07) 

P value  0.18 0.28 0.52 0.06 0.95 <0.05 0.71 
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2.4.3.5 Social factors  

 

Significant differences were observed between scores for the DASH and MDS DPs; 

with those who were married or living with a partner as if married having significantly 

higher scores compared to those who were not married (p<0.001 and <0.001 

respectively). These results can be seen in Table 2.39 (Appendix 6). Results from 

logistic regression models, adjusted for age, gender and level of education seen in 

Table 2.40 (Appendix 6), found significant associations between intakes of FV, 

DASH, MDS and Healthy DP scores and a greater likelihood of being married 

(p<0.001, <0.001, <0.001 and <0.05 respectively). No other associations between DP 

scores and marital status were observed.  

Significant differences were observed between scores for MDS and DASH; with those 

who live alone having lower scores than those who do not live alone (p<0.001 and 

<0.001 respectively). These results can be seen in Table 2.41 (Appendix 6). Results 

from logistic regression models, adjusted for age, gender and level of education, as 

seen in Table 2.42 (Appendix 6), found significant associations between intakes of FV 

and scores for the MDS, DASH, and Healthy DP and a greater likelihood of not living 

alone (p<0.001, <0.001, <0.001 and <0.05 respectively). No other associations 

between DP scores and living situation were observed.  

Those who were widowed had significantly lower scores for several of the DPs 

compared to those who were not; including the DASH, MDS and High Alcohol DPs 

(p<0.05, <0.05 and <0.001 respectively). These results can be seen in Table 2.43. 

Results from logistic regression models, adjusted for age, gender and level of 

education as seem in Table 2.44, found significant associations between being 

widowed and several of the DPs. FV intakes and scores for DASH, MDS and the 

Healthy DP were significantly associated with a greater likelihood of not being 

widowed (p<0.05, <0.05, <0.05 and <0.05 respectively).  

Significant differences in Prime score were observed between those who were lonely 

(UCLA score≥5) and those who were not lonely (UCLA score<5); with those who 

were lonely having a higher Prime score compared to those who were not (p<0.05). 

These results can be seen in Table 2.45. Results from logistic regression models, 

adjusted for age, gender and education as seen in Table 2.46, found significant 
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associations between the Prime score and a greater likelihood of being lonely, and 

between the Unhealthy DP and a greater likelihood of not being lonely (p<0.05and 

<0.05 respectively). No other associations between the DPs and loneliness were 

observed.  
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Table 2.43 Mean scores for FV intake and dietary patterns of NICOLA participants who are widowed and those who not   

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.44 The association between NICOLA FFQ dietary pattern and FV intake quintiles and being widowed 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for being widowed in comparison to quintile 1 (reference 

category). 1Odds ratio of being widowed per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Widowed Not widowed P value 

Daily FV intake (Mean (SD)) 8.39 (4.61) 8.90 (4.79) 0.08 

DASH score (Mean (SD)) 19.42 (4.69) 20.14 (4.49) <0.05 

Prime score (Mean (SD)) 17.24 (4.28) 16.94 (4.27) 0.23 

MDS (Mean (SD)) 4.62 (1.83) 5.01 (1.88) <0.05 

Healthy (Mean (SD)) -0.10 (0.92) 0.01 (1.01) 0.05 

Unhealthy (Mean (SD)) -0.07 (0.98) 0.01 (1.00) 0.16 

High alcohol (Mean (SD)) -0.21 (0.90) 0.03 (1.01) <0.001 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.84 (0.61, 1.17) 0.90 (0.65, 1.26) 0.82 (0.61, 1.10) 1.46 (1.02, 2.07) 0.95 (0.66, 1.36) 0.96 (0.67, 1.37) 0.81 (0.57, 1.14) 

Q3 0.72 (0.49, 1.04) 0.84 (0.58, 1.20) 0.73 (0.51, 1.04) 1.14 (0.77, 1.70) 1.05 (0.74, 1.50) 0.81 (0.56, 1.17) 0.60 (0.41, 0.87) 

Q4 0.77 (0.53, 1.12) 0.63 (0.44, 0.92) 0.59 (0.39, 0.89) 1.20 (0.82, 1.77) 0.73 (0.50, 1.07) 0.69 (0.47, 1.01) 0.82 (0.58, 1.16) 

Q5 0.74 (0.51, 1.08) 0.68 (0.46, 0.99) 0.52 (0.30, 0.89) 1.38 (0.92, 2.06) 0.74 (0.51, 1.09) 0.85 (0.59, 1.23) 0.40 (0.27, 0.61) 
1Per 5th  0.93 (0.85, 1.01) 0.89 (0.82, 0.97) 0.85 (0.76, 0.94) 1.04(0.95, 1.13) 0.92 (0.85, 1.00) 0.94 (0.86, 1.02) 0.85 (0.78, 0.92) 

P value  0.08 <0.05 <0.05 0.41 0.05 0.12 <0.001 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.79 (0.56, 1.11) 0.88 (0.62, 1.25) 0.76 (0.56, 1.04) 1.19 (0.82, 1.72) 0.79 (0.54, 1.15) 0.91 (0.63, 1.32) 0.91 (0.64, 1.30) 

Q3 0.61 (0.41, 0.91) 0.80 (0.55, 1.17) 0.65 (0.45, 0.95) 0.82 (0.54, 1.25) 0.92 (0.63, 1.34) 0.81 (0.55, 1.19) 0.79 (0.54, 1.16) 

Q4 0.61 (0.42, 0.91) 0.61 (0.41, 0.90) 0.52 (0.34, 0.80) 0.86 (0.57, 1.29) 0.62 (0.41, 0.92) 0.86 (0.57, 1.28) 1.19 (0.83, 1.70) 

Q5 0.63 (0.42, 0.94) 0.60 (0.40, 0.89) 0.52 (0.29, 0.90) 0.91 (0.59, 1.40) 0.62 (0.42, 0.94) 1.07 (0.72, 1.57) 0.73 (0.47, 1.12) 
1Per 5th  0.88 (0.81, 0.97) 0.87 (0.80, 0.95) 0.83 (0.74, 0.92) 0.94 (0.86, 1.03) 0.89 (0.81, 0.97) 1.01(0.92, 1.10) 0.98 (0.89, 1.07) 

P value  <0.05 <0.05 <0.05 0.21 <0.05 0.91 0.59 
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Table 2.45 Mean scores for FV intake and dietary patterns of NICOLA participants with and without loneliness  

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.46 The association between NICOLA FFQ dietary pattern and FV intake quintiles and loneliness  

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for being lonely in comparison to quintile 1 (reference category). 
1Odds ratio of being lonely per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Loneliness (UCLA≥5) No loneliness (UCLA<5) P value 

Daily FV intake (Mean (SD)) 8.85 (4.76) 8.82 (4.98) 0.9 

DASH score (Mean (SD)) 20.03 (4.50) 20.40 (4.65) 0.18 

Prime score (Mean (SD)) 17.03 (4.27) 16.39 (4.29) <0.05 

MDS (Mean (SD)) 4.98 (1.88) 4.83 (1.86) 0.19 

Healthy (Mean (SD)) 0.00 (1.00) -0.03 (0.94) 0.52 

Unhealthy (Mean (SD)) -0.01 (1.00) 0.11 (0.99) 0.05 

High alcohol (Mean (SD)) 0.01 (1.01) -0.04 (0.90) 0.41 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.28 (0.90, 1.82) 1.22 (0.83, 1.79) 0.98 (0.71, 1.34) 1.28 (0.91, 1.81) 1.20 (0.82, 1.75) 0.84 (0.55, 1.27) 1.08 (0.74, 1.59) 

Q3 1.44 (0.97, 2.13) 0.74 (0.51, 1.07) 1.09 (0.75, 1.58) 1.08 (0.75, 1.55) 1.36 (0.92, 2.00) 0.74 (0.50, 1.12) 0.84 (0.58, 1.21) 

Q4 1.13 (0.78, 1.65) 1.04 (0.71, 1.52) 1.40 (0.91, 2.17) 1.32 (0.91, 1.92) 1.27 (0.87, 1.87) 0.73 (0.49, 1.09) 1.20 (0.81, 1.78) 

Q5 1.06 (0.73, 1.53) 0.84 (0.58, 1.23) 1.13 (0.69, 1.87) 1.54 (1.01, 2.36) 1.05 (0.73, 1.52) 0.60 (0.41, 0.90) 1.20 (0.81, 1.77) 
1Per 5th  1.01 (0.92, 1.10) 0.95 (0.87, 1.04) 1.08 (0.97, 1.19) 1.09 (1.00, 1.19) 1.02 (0.93, 1.11) 0.89 (0.82, 0.97) 1.05 (0.96, 1.14) 

P value  0.89 0.26 0.16 0.07 0.69 <0.05 0.31 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.30 (0.92, 1.85) 1.26 (0.85, 1.85) 1.00 (0.72, 1.37) 1.30 (0.91, 1.84) 1.20 (0.82, 1.75) 0.81 (0.53, 1.22) 1.11 (0.76, 1.64) 

Q3 1.52 (1.02, 2.26) 0.77 (0.53, 1.12) 1.12 (0.77, 1.63) 1.10 (0.76, 1.59) 1.39 (0.94, 2.06) 0.70 (0.47, 1.06) 0.89 (0.62, 1.30) 

Q4 1.17 (0.80, 1.72) 1.11 (0.75, 1.63) 1.45 (0.93, 2.25) 1.39 (0.95, 2.04) 1.35 (0.92, 1.99) 0.69 (0.46, 1.04) 1.26 (0.85, 1.88) 

Q5 1.15 (0.79, 1.68) 0.90 (0.61, 1.32) 1.17 (0.70, 1.94) 1.63 (1.05, 2.53) 1.12 (0.77, 1.63) 0.56 (0.37, 0.84) 1.30 (0.86, 1.94) 
1Per 5th  1.03 (0.94, 1.12) 0.97 (0.89, 1.06) 1.09 (0.98, 1.20) 1.10 (1.01, 1.21) 1.04 (0.95, 1.13) 0.88 (0.80, 0.96) 1.07 (0.97, 1.16) 

P value  0.58 0.46 0.12 <0.05 0.43 <0.05 0.17 
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2.4.3.6 Economic factors 

 

Significant differences in DP scores and intakes of FV were observed between those 

who had lower education (up to GCSE level) and those with higher education (GCSE 

level and above). Those with higher education has significantly higher scores for FV 

intake and all DPs except the Unhealthy DP, which was higher amongst those with 

lower education (p<0.05). These results can be seen in Table 2.47. Results from 

logistic regression models, adjusted for age and gender seen in Table 2.48, found 

significant associations between intakes of FV and scores for the DASH, MDS, Prime, 

Healthy and High Alcohol DPs and a greater likelihood of having higher education 

(p<0.05, <0.05, <0.001, <0.001, <0.001 and <0.001 respectively) and a significant 

association between the Unhealthy DP and a greater likelihood of having lower 

education (p<0.001).  

Significant differences in a number of the DP scores were observed between those in 

employment and those who were not employed. Those currently employed had higher 

scores for DASH, Unhealthy and High Alcohol DPs, but lower scores for Prime when 

compared to those who were not employed (p<0.05, <0.05, <0.001 and <0.05 

respectively, as seen in Table 2.49). Results from logistic regression models, adjusted 

for age, gender and level of education seen in Table 2.50, found significant 

associations between the DASH score and a greater likelihood of being employed 

(including being self-employed) (p<0.05). No other associations were observed 

between DP scores and employment status.  
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Table 2.47 Mean scores for FV intake and dietary patterns of NICOLA participants with and without GCSE or equivalent or higher education   

 

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.48 The association between NICOLA FFQ dietary pattern and FV intake quintiles and education  

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age and gender. Results from logistic regression model presented as odds ratio (95% CI) for having GCSE or equivalent or higher education in 

comparison to quintile 1 (reference category). 1Odds ratio of having GCSE or equivalent or higher education per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary 

Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Less than GCSE or 

equivalent education 

GCSE or equivalent 

or higher education 
P value 

Daily FV intake (Mean (SD)) 8.31 (5.15) 8.93 (4.70) <0.05 

DASH score (Mean (SD)) 19.31 (4.62) 20.19 (4.49) <0.001 

Prime score (Mean (SD)) 16.11 (3.66) 17.11 (4.35) <0.001 

MDS (Mean (SD)) 4.44 (1.86) 5.06 (1.87) <0.001 

Healthy (Mean (SD)) -0.23 (1.05) 0.04 (0.99) <0.001 

Unhealthy (Mean (SD)) 0.19 (1.01) -0.03 (1.00) <0.001 

High alcohol (Mean (SD)) -0.31 (1.04) 0.05 (0.98) <0.001 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Q2 1.05 (0.79, 1.40) 1.41 (1.05, 1.89) 1.56 (1.20, 2.01) 0.93 (0.70, 1.24) 1.29 (0.96, 1.72) 0.76 (0.53, 1.09) 1.76 1.31, 2.37) 

Q3 1.25 (0.91, 1.72) 1.45 (1.06, 1.99) 1.69 (1.24, 2.29) 1.01 (0.74, 1.38) 2.03 (1.47, 2.79) 0.68 (0.48, 0.97) 2.09 (1.53, 2.84) 

Q4 1.58 (1.12, 2.21) 1.63 (1.19, 2.24) 2.07 (1.45, 2.97) 1.45 (1.04, 2.01) 1.98 (1.44, 2.73) 0.61 (0.43, 0.86) 2.37 (1.72, 3.26) 

Q5 1.60 (1.13, 2.24) 1.67 (1.20, 2.33) 3.78 (2.17, 6.58) 2.43 (1.60, 3.69) 2.79 (1.97, 3.94) 0.53 (0.37, 0.74) 3.14 (2.23, 4.43) 
1Per 5th  1.14 (1.06, 1.23) 1.14 (1.05, 1.22) 1.31 (1.19, 1.44) 1.20 (1.11, 1.30) 1.29 (1.19, 1.39) 0.86 (0.80, 0.93) 1.31 (1.22, 1.42) 

P value  <0.05 <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 

Fully adjusted  

Q1 Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Q2 1.02 (0.76, 1.37) 1.31 (0.97, 1.78) 1.58 (1.21, 2.06) 1.01 (0.75, 1.36) 1.38 (1.02, 1.87) 0.82 (0.57, 1.18) 1.65 (1.21, 2.24) 

Q3 1.22 (0.88, 1.69) 1.34 (0.97, 1.86) 1.64 (1.20, 2.26) 1.08 (0.78, 1.50) 2.05 (1.47, 2.85) 0.74 (0.51, 1.06) 1.82 (1.32, 2.51) 

Q4 1.53 (1.08, 2.18) 1.41 (1.02, 1.95) 2.05 (1.42, 2.97) 1.58 (1.13, 2.23) 1.97 (1.41, 2.74) 0.62 (0.43, 0.89) 2.14 (1.54, 2.98) 

Q5 1.39 (0.98, 1.99) 1.47 (1.04, 2.08) 3.90 (2.21, 6.86) 2.66 (1.73, 4.10) 2.69 (1.88, 3.85) 0.54 (0.38, 0.77) 2.65 (1.85, 3.78) 
1Per 5th  1.12 (1.03, 1.21) 1.10 (1.02, 1.18) 1.31 (1.19, 1.44) 1.23 (1.13, 1.34) 1.27 (1.17, 1.38) 0.86 (0.80, 0.93) 1.26 (1.17, 1.37) 

P value  <0.05 <0.05 <0.001 <0.001 <0.001 <0.001 <0.001 
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Table 2.49 Mean scores for FV intake and dietary patterns of employed and not employed NICOLA participants 

  

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.50 The association between NICOLA FFQ dietary pattern and FV intake quintiles and employment   

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for being employed in comparison to quintile 1 

(reference category). 1Odds ratio of being employed per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet 

Score. Q- quintile.

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Q2 1.23 (0.99, 1.53) 1.10 (0.88, 1.38) 1.17 (0.96, 1.43) 0.90 (0.72, 1.12) 1.06 (0.84, 1.35) 1.04 (0.82, 1.32) 1.12 (0.87, 1.43) 

Q3 1.16 (0.92, 1.47) 1.39 (1.10, 1.76) 1.38 (1.10, 1.74) 0.95 (0.75, 1.20) 1.06 (0.84, 1.35)  1.57 (1.24, 2.00) 

Q4 1.11 (0.87, 1.41) 1.46 (1.16, 1.84) 1.07 (0.83, 1.37) 0.82 (0.65, 1.03) 1.18 (0.93, 1.49) 1.15 (0.90, 1.46) 1.50 (1.18, 1.91) 

Q5 1.12 (0.88, 1.42) 1.31 (1.03, 1.66) 1.11 (0.82, 1.51) 0.69 (0.54, 0.89) 1.06 (0.84, 1.35) 1.33 (1.05,1.69) 1.92 (1.51, 2.44) 
1Per 5th  1.01 (0.96, 1.07) 1.09 (1.03, 1.15) 1.03 (0.97, 1.09) 0.93 (0.88, 0.98) 1.02 (0.97, 1.08) 1.07 (1.02, 1.13) 1.17 (1.11, 1.24) 

P value  0.65  <0.05 0.39 <0.05 0.40 0.01 <0.001 

Fully adjusted  

Q1 Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Q2 1.35 (1.04, 1.75) 1.04 (0.79, 1.36) 1.31 (1.03, 1.67) 1.19 (0.91, 1.54) 1.39 (1.00, 1.85) 1.22 (0.92, 1.63) 0.89 (0.66, 1.20) 

Q3 1.34 (1.01, 1.78) 1.46 (1.10, 1.95) 1.62 (1.22, 2.13) 1.35 (1.01, 1.79) 1.18 (0.89, 1.56) 1.22 (0.92, 1.63) 1.08 (0.81, 1.45) 

Q4 1.34 (1.00, 1.79) 1.39 (1.06, 1.84) 1.14 (0.84, 1.54) 1.13 (0.85, 1.49) 1.39 (1.04, 1.85) 0.99 (0.74,1.32) 0.97 (0.73, 1.30) 

Q5 1.14 (0.85, 1.52) 1.38 (1.03, 1.84) 1.11 (0.77, 1.59) 0.95 (0.69, 1.29) 1.14 (0.86, 1.52) 1.25 (0.94, 1.67) 0.95 (0.71, 1.27) 
1Per 5th  1.03 (0.97, 1.10) 1.10 (1.03, 1.18) 1.03 (0.96, 1.11) 1.00 (0.93, 1.06) 1.03 (0.96, 1.09) 1.03 (0.96, 1.09) 1.00 (0.94, 1.07) 

P value  0.38 <0.05 0.39 0.88 0.43 0.45 0.97 

 Employed Not Employed P value 

Daily FV intake (Mean (SD)) 9.02 (5.01) 8.73 (4.62) 0.11 

DASH score (Mean (SD)) 20.37 (4.44) 19.87 (4.55) <0.05 

Prime score (Mean (SD)) 16.66 (4.23) 17.17 (4.28) <0.05 

MDS (Mean (SD)) 5.04 (1.81) 4.92 (1.93) 0.10 

Healthy (Mean (SD)) 0.02 (1.06) -0.02 (0.96) 0.26 

Unhealthy (Mean (SD)) 0.06 (1.03) -0.03 (0.98) <0.05 

High alcohol (Mean (SD)) 0.13 (1.00) -0.09 (0.99) <0.001 
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2.4.3.7 Overview of findings 

 

Figure 2.2 summarises the main findings from this analysis of wave one data from 

NICOLA and highlights the ageing-related factors that can negatively influence 

dietary intake, dietary quality and adherence to DPs amongst older adults in NI.  
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Figure 2.2 Factors negatively affecting dietary intake and adherence to dietary patterns amongst older adults as part of wave one of the NICOLA 

study 
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2.5 Discussion 

 

2.5.1 Overall findings 

 

The main aim of the analysis in this chapter was to conduct a cross-sectional analysis 

of data from wave one of the NICOLA study, to examine factors affecting diet in older 

adults in NI; investigating the relationship between dietary intake, DP adherence and 

ageing-related factors, including health behaviours, health status, social, psychological 

and economic factors. The results from this analysis, the first using complete dietary 

data from wave one of the NICOLA study, have highlighted a large number of factors, 

summarised in Figure 2.1, that negatively influence FV intake and adherence to 

healthy DPs amongst older adults in NI. However, it has also been observed that these 

factors are not negatively influencing diet consistently, across both FV intake and 

adherence to a priori and a posteriori DPs, as well as a difference in impact on diet 

due to how a certain factor is measured or different aspects of the same factor.  

 

2.5.2 Characteristics of the NICOLA population  

 

The majority of participants in wave one of NICOLA did not have issues conducting 

activities relevant to dietary intake, such as preparing a hot meal or shopping for 

groceries. However nearly half of participants stated that they often experience pain, 

and two thirds of those experiencing pain said it made it difficult to carry out usual 

activities. There is evidence to suggest that pain and declining physical function 

amongst older adults can alter food choice and negatively impact dietary intake and 

quality (99,451–453), therefore it is important to encourage older adults to remain 

physically active to preserve their independence and to ensure overall health and diet 

are not compromised.  

Results from this analysis have shown that the participants in wave one of the NICOLA 

study are reported to be consuming more than the recommended five portions of FV 

per day. Although there is evidence to suggest that FV intake is over reported (454), 

and this may be the rationale behind these high FV intakes, it is still in contrast to 

results from the TILDA study which found that three-quarters of older adults are not 

consuming five portions per day (455), however this utilised a different instrument to 
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measure FV intake and intakes of FV have been shown to differ according to the 

dietary assessment method used (456). Findings from the Canadian Health Measures 

Survey, which used a FFQ, found that adults aged over 50 y were nearly meeting 

recommendations with daily FV intakes ranging between 4.13 and 5.05 portions (457). 

However much wider ranges of daily FV intakes were observed from results of the 

Consortium on Health and Ageing: Network of Cohorts in Europe and the United 

States (CHANCES) Project(458); with intakes of FV ranging from 2.5 to 8.7 assessed 

using the EPIC-FFQ, the same instrument used in NICOLA, again highlighting the 

variability in FV intake reporting amongst older adult populations.  

Although FV intakes were seemingly high, potentially due to over reporting, scores 

for diet quality, assessed using the Prime diet quality score, and the DASH and MDS 

a priori DPs were low, with the MDS and Prime scores not reaching 50% of the 

maximum score available. There is evidence to suggest that overall, older adults are 

consuming poorer quality diets and not consuming as wide a variety of certain foods 

(19,61,62), and notably low scores for MDS have been observed in longitudinal studies 

involving older adults, either using a similar score or a modified MDS (459,460). 

Findings from the TILDA study also noted that amongst older adults adherence to the 

Food Pyramid recommendations were low, with recommended intakes for the main 

food groups not being met by a significant proportion of older adults in Ireland, 

alongside excessive consumption of foods high in sugar, fat and salt (455).  

 

2.5.3 Factors affecting dietary intake and dietary patterns 

 

2.5.3.1 Demographic factors  

 

The population is ageing globally, and utilisation of health services increases with age 

(7,8), however as previously discussed in Chapter 1, there is great heterogeneity 

surrounding aging; someone in their sixties may have significant functional 

differences compared to someone in their nineties, but also compared to another 

individual in their sixties (10).  

Although there is evidence to suggest that ageing can influence food choice and diet 

quality (451,461), this was not the case in this analysis, with adults aged over 65 y 

having higher scores for Prime and MDS, and a lower score for the High Alcohol and 
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Unhealthy DPs compared to adults aged under 65 y. Gender however appeared to have 

a more consistent effect on dietary intake and across adherence to DPs; with females 

having a higher FV intake and higher scores for the healthy DPs investigated when 

compared to males. This agrees with previous research that older men consume 

significantly fewer portions of FV per day compared to older women (455), and that 

gender differences in food and nutrient intakes do exist amongst older adults (462).  

 

2.5.3.2 Health behaviours 

 

It has been previously described that unhealthy behaviours, such as a lack of physical 

activity, smoking and high alcohol consumption, can cluster together, and can be 

attributed to causing up to two thirds of NCDs (81,82), and significant relationships 

between these health behaviours and FV intake and adherence to DPs were observed 

in results from this analysis.   

Although the benefits of regular physical activity, moderate alcohol consumption and 

not smoking are well known, including slowing down the ageing process, there is 

evidence to suggest that these are still public health issues and have established links 

to diet and disease (87,88,91–93). This analysed obtained similar findings; those who 

took part in less physical activity had lower scores for healthy DPs and lower FV 

intakes, however smoking and alcohol consumption did not appear to have such 

consistent effects on dietary intake and DP adherence. Although the High Alcohol DP 

was significantly associated with smoking, again suggesting the clustering effect of 

unhealthy behaviours, smoking did not appear to negatively influence all of the healthy 

DPs investigated. This is interesting to note as FV intake in particular has been shown 

to differ between smokers and non-smokers (463).  

The relationship between alcohol consumption and diet was also not as clearly defined. 

Moderate alcohol consumption, as part of the MDS, has been linked to positive 

influences on cardiovascular outcomes (375), however consuming alcohol to excess 

has been associated with chronic disease and poor diet quality, similarly to other 

unhealthy behaviours (87,464). In this analysis, older adults who consumed alcohol 

had higher scores for Prime, MDS, and the Healthy DP. Although this is not surprising 

for the MDS, as higher alcohol consumption is given a higher point score, scores for 

the Prime and Healthy DP were higher in those who consume alcohol, suggesting that 
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alcohol consumption can be a component of healthier diets. However, the risks of 

excessive alcohol consumption cannot be ignored (464); in this analysis alcohol 

consumption was simply defined as consuming it or not and did not take into account 

frequency or quantity of consumption.  

 

2.5.3.3 Health status 

 

From this analysis it is clear that health status has an impact on dietary intake and 

adherence to DPs amongst older adults, however these influences are not consistent 

across aspects of health status, such as certain chronic conditions, or across the DPs 

investigated.  

Certain health aspects, including BMI, self-reported health and having a long term 

condition were shown to be consistently associated with diet in this analysis; with 

individuals with higher BMIs, poor self-reported health and having a long term 

condition having lower FV intakes and lower scores for the healthy DPs investigated, 

giving further evidence that overall health and wellbeing is closely linked to diet 

(11,13).  

Although there was an obvious trend observed between having a long term condition, 

or poor self-reported health, and negative impacts on dietary intake and adherence to 

healthy DPs, the same cannot be said for how specific conditions can influence dietary 

intakes and DPs. Having certain chronic diseases, including Alzheimer’s, Parkinson’s, 

and cancer, did not appear to influence FV intake or adherence to any of the DPs 

investigated. This conflicts with previous research; in particular the fact that having 

cancer did not affect dietary intake, as there is evidence to suggest that cancer, both 

the disease and its treatment options, can have a negative impact on diet and nutritional 

status (227,228). However, the question was posed to participants as to whether they 

had a previous diagnosis of cancer, and information on treatment options were not 

included as part of this analysis, therefore the information collected here may not 

accurately capture the relationship between a current cancer diagnosis that is being 

actively treated and dietary intake.  

Although having a diagnosis of Alzheimer’s, Dementia or serious memory impairment 

did not have an influence on dietary intake or adherence to DPs in this analysis, there 



98 
 

was a significant relationship observed between diet and cognitive impairment 

assessed using MoCA score. This highlights that different methods of assessing the 

same factor, be that a clinical diagnosis or a universal scale or tool, may not exhibit 

the same influences on diet, potentially due to small numbers of participants with these 

conditions or underdiagnosis. Given the evidence that consuming MD in particular has 

beneficial effects on cognition, even in non-Mediterranean regions, including slowing 

the rate of cognitive decline and reducing the risk of developing Alzheimer’s 

(465,466), efforts should be made amongst the older adult population to encourage 

consumption of MD foods, as individuals with cognitive impairment were shown to 

have lower MDS scores and higher High Alcohol DP scores.  

However, presence of certain chronic diseases, including osteoporosis, respiratory 

conditions, CVD and vision impairment, incidence of which increase with age 

(208,254,467) were associated with reduced scores for some of the healthier DPs 

investigated. Although this analysis is cross-sectional cause and effect cannot be 

determined; therefore, it cannot be distinguished whether it is diet affecting chronic 

disease or vice versa, these results have established a link between certain chronic 

diseases and diet quality amongst older adults in NI.  

 

2.5.3.4 Psychological factors    

 

There is evidence to suggest a bidirectional relationship between food intake and 

symptoms of depression, and global associations have been made between depression 

and poor diet quality (292–294,296–299) and similar associations were observed in 

this analysis. Higher GHQ12 scores, which is more indicative of psychiatric morbidity 

including depression, were associated with higher scores for the Unhealthy DP and 

lower Prime scores, and this is consistent with previous research which found 

associations between Western DPs, high in processed foods, refined grains and sugary 

products, and higher GHQ12 scores (468).  

Similarly to the variations observed between how a diagnosis of Alzheimer’s, 

Dementia or serious memory impairment, and cognitive impairment assessed by 

MoCA score, can influence dietary intake and adherence to DPs, there were also 

differences between how diet was affected by GHQ-12 score and a diagnosis of an 

emotional or psychological problem, including depression and anxiety. This could be 
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due to small numbers of participants with a diagnosed condition, reinforcing the idea 

that depression is underdiagnosed amongst the older adult population which is 

alarming to note as in depression is set to become the leading cause of disease burden 

higher and middle-income countries (287,288) and again highlights the differences in 

effect on diet by how a factor is measured.  

 

2.5.3.5 Social factors  

 

A number of methods were used in this analysis to capture how certain social factors 

can influence dietary intake and adherence to DPs, including marital status, living 

situation and the UCLA score. Although these methods all measure aspects of the same 

social factor, they did not have similar effects on dietary intake and adherence to DPs 

in this analysis.   

It was observed that certain aspects of marital status, including being widowed, living 

alone and not being married, had more of a consistent negative impact on dietary intake 

and DP scores compared to UCLA score, even though the UCLA score is a universal 

tool used to assess loneliness (443). This would suggest that even if an individual is 

not classified as being lonely, diet and nutrition can be significantly impacted by other 

social factors, and there is evidence to suggest that these factors can influence other 

aspects of health including chronic disease and mortality risk (301,469). This was also 

observed in Section 2.5.3.3 looking at health status and diet; different measurements 

of the same age-related factor can result in varying degrees of influence on dietary 

intake and adherence to DPs, suggesting that multiple assessment methods should be 

utilised to capture a broader picture of how an age-related factor can influence diet.    

Furthermore, other social influences such as social isolation, lack of access to transport 

and shopping facilities were not included as part of this analysis, and there is evidence 

to suggest that these can heavily influence dietary intake and mortality amongst the 

older adult population (13,301), therefore these factors should be explored in depth in 

further analyses.  
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2.5.3.6 Economic factors  

 

Changes in socioeconomic status, such as transitioning into retirement, have been 

associated with reduced expenditure on food items, and can negatively influence 

dietary intake and variety (324). 

It was therefore interesting to note that intakes of FV did not differ according to 

employment status, as low socioeconomic status and food costs have been identified 

as a barrier to healthy food purchasing (315,324,470). However previous work 

identified that it was variety of FV, and not quantity, that was shown to differ according 

to socioeconomic status (62).  

In this analysis employment status was used as a proxy for socioeconomic status, and 

therefore it surprising to note that only the DASH DP was significantly associated with 

a greater likelihood of being employed. Although the DPs used in this analysis cover 

a wide range of food items, they do not all include the same items, and these items 

may differ in their cost and availability, and this may explain why associations between 

diet and socioeconomic status that have been observed in the literature previously 

(324), and highlighted in Chapter 1, may not be observed here.  

Although employment status did not appear to consistently influence dietary intake 

and adherence to DPs in this analysis, this was not the case for highest level of 

education attained, again highlighting variation in how different aspects of the same 

age-related factor can influence diets differently. To date there is little evidence to 

investigate the relationship between education, and health literacy in particular, and 

how this can impact how an older adult understands and acts upon information to 

consume a healthy diet. However, from this analysis it is clear that lower education 

levels are translating into negative effects on diet; with more highly educated older 

adults consuming significantly higher intakes of FV and exhibiting greater adherence 

to healthier DPs. 
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2.5.4 Strengths and Limitations 

 

2.5.4.1 Sample size and study design 

 

Although the NICOLA study itself has a large sample size representative of the older 

adult population in NI, only the participants who completed a FFQ were involved in 

this analysis. This was a much smaller number of participants and therefore it cannot 

be said if this sample is truly representative of the NI older adult population.  

Analyses using data from NICOLA can now be compared to national data from other 

large population-based studies such as ELSA and TILDA, providing an extensive 

resource-rich evidence base for exploring healthy ageing. However, the NICOLA 

study is one of few longitudinal studies on ageing to be conducted using an extensive 

FFQ to assess diet in the older adult population, as these other studies have either 

limited FFQ data or no dietary data available to date (471,472).  

However, similar to other large research studies, there is a risk of healthy volunteer 

bias, and in particular those with certain health conditions or circumstances may not 

be accurately represented. Although longitudinal studies can be costly in terms of time 

and resources, they are highly effective in researching the development of trends over 

time, and the NICOLA study provides a rich data source to explore how diet in 

particular can be influenced by a range of ageing-related factors. Although this 

analysis involves individuals participating in a longitudinal study, it is a cross-

sectional analysis and therefore has limitations including not being able to determine 

cause and effect, examine trends over time and not being guaranteed to be a 

representative sample.   

 

2.5.4.2 Dietary intake and dietary pattern analysis 

 

For the purpose of this analysis, dietary intake was assessed using total daily FV intake, 

computed through summing the total FV portions consumed per day as reported on the 

FFQ. As the FFQ is a self-report measure it is prone to bias, particularly recall and 

social desirability bias, and as previously mentioned FV intake in particular has been 

shown to be over reported previously (454). As intakes of FV are included as 

components of the other DPs used in this analysis, over reporting of FV may have 
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affected the generation of DP scores, and this should also be taken into consideration 

when interpreting the results.  

Although the foods included in the FFQ are extensive, there may still be foods that are 

being consumed regularly by this population group that are not being captured as part 

of the questionnaire. This was noted particularly with dairy-free or gluten-free food 

options, and certain FV, which have differing nutrient compositions to other foods in 

the categories that they are included in, however efforts were made to ensure other 

foods consumed were merged in with other relevant food items.  

There is evidence to suggest the numerous benefits of using DPs to assess diet; in 

comparison to investigating single nutrients, which are not consumed in isolation, 

dietary pattern analysis investigates whole food groups and patterns, which is more 

likely to capture interactions between foods (371,473). It has also been noted 

previously that the associations observed between DPs and morbidity may be greater 

than that observed between morbidity and single nutrients (473,474). Both a priori and 

a posteriori DPs were used in this analysis to assess adherence to healthy and 

unhealthy DPs; including a priori patterns well described in the literature such as MDS 

and DASH DPs, and the novel Prime diet quality score which has previously only been 

used in US populations (425,447). These DPs have established links to health; in 

particular the MDS has positive influences on cardiovascular health and cognition 

(374,375) and DASH has similar influences on blood pressure (428,429). Principal 

component analysis has additional benefits of improved statistical power and the 

ability to be reproduced across a variety of dietary assessment methods and over time 

(473,475–477).  

Although there are benefits to using both a priori and a posteriori DPs in this analysis, 

due to limited data availability at the time of this analysis several of the a priori DPs 

were not computed as recommended as certain food groups had to be excluded. This 

should therefore be taken into consideration when interpreting the associations 

between these DPs and the ageing related factors discussed in this chapter.  
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2.5.4.3 Other age-related factors  

 

As previously discussed in Chapter 1, frailty is major ageing-related factor that can 

alter food choice and nutritional status of older adults and has links to other ageing 

related factors such as chronic disease (113,116,117,478). Similarly, there are many 

other age-related factors, outlined in Figure 1.3 in Chapter 1 and discussed in detail in 

Chapter 1, including ability to cook and shop for food, physical functioning, food 

insecurity, access to transport and facilities, age-related changes in appetite and satiety 

hormones, and food safety and hygiene practices, that have the potential to negatively 

impact dietary intake that have not been included in this analysis and may have had an 

influence on the associations observed in this analysis, and therefore need to be taken 

into consideration when interpreting these findings.  

 

2.5.5 Future work 

 

As previously mentioned, certain DPs used in this analysis were not able to be 

computed as recommended due to limited data availability at the time of this analysis. 

Therefore, further analysis should be conducted when the relevant data becomes 

available to ensure that the associations observed in this chapter are replicated when 

using correctly computed DPs.  

Chapter 1 discussed in detail the age-related factors that can influence diet, including 

the role of oral health status, and this will also be discussed further in Chapters 3 and 

4. Data on the oral health status of NICOLA participants was not captured as part of 

wave one data collection and as poor oral health is known to negatively impact dietary 

intake it should be considered as an addition to the data collection as part of wave two.  

This analysis focused on how ageing-related factors can influence dietary intake and 

adherence to DPs. However, it has been noted in Chapter 1 that certain factors, such 

as chronic disease, can also negatively impact nutritional status; therefore, further 

analysis using biomarkers of nutritional status should be conducted as a more objective 

method of dietary assessment.  
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2.5.6 Conclusions 

 

This cross-sectional analysis of data from wave one of the NICOLA study has further 

confirmed the extent of the ageing-related factors that can negatively influence dietary 

intake and adherence to DPs amongst older adults in NI. This analysis has provided 

evidence on a large scale of the specific factors that could be focused on, that have a 

consistent effect on dietary intake and DP adherence, when developing interventions 

to improve diet amongst this population group and has highlighted the importance of 

certain health behaviours, aspects of health status, social, psychological and economic 

factors in relation to diet.  
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Chapter 3.  

Impact of self-reported oral health status on 

response to a dietary intervention to promote 

adherence to a Mediterranean Diet amongst 

adults at a high risk of cardiovascular disease in 

Northern Ireland. 
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3.1 Introduction  

 

Nutritional status amongst the aging population and the factors that can influence this, 

as well as how it is related to risk of chronic disease, have been discussed in previous 

chapters. There is systematic review evidence to suggest that consumption of certain 

DPs, such as MD, can have a beneficial impact on risk of chronic disease (386).  

 

3.1.1 Barriers to adherence of a Mediterranean Diet 

 

Although the benefits of consuming a MD have been well described, 

(244,247,373,374) and discussed in previous chapters, barriers to consumption of MD 

foods have been particularly noted amongst individuals who do not live in 

Mediterranean regions (479–481). Qualitative research conducted amongst adults in 

Northern Europe found that not only were a minority of individuals aware of the MD 

and what foods it consisted of, but attitudes towards adopting such a DP varied (482). 

From the few studies that have been conducted it has been observed that most opinions 

on the MD focused on cost, particularly of key components such as olive oil, fish, fresh 

FV, convenience of purchasing items and preparing dishes, and a lack of knowledge 

and cooking skills that could deter them from following a MD (480–482).  

 

3.1.1.1 Oral health status as a barrier to Mediterranean Diet adherence 

 

The factors previously discussed that influence nutritional status and dietary intake 

amongst older adults may similarly impact the ability of an individual to change their 

diet. Oral health status, in particular having fewer remaining natural teeth, can have a 

significant impact on nutrient intakes, leading to a lower consumption of fibre, protein 

and calcium (155,159,165,483). A 2014 systematic review also observed that adults 

whose mastication, defined as the process of which food is crushed and ground by 

teeth, was impaired, were opting for softer, easier to chew, processed foods, high in 

sugar, salt and saturated fat (484).  

Evidence from years 7-8 of the NDNS (19) showed that older adults in general were 

not meeting certain dietary guidelines, including those for consumption of fruits, 

vegetables, oily fish and red meat. Furthermore, it was also observed in NDNS that 
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nearly half of individuals who were edentate or wore dentures had difficulty chewing, 

and older adults with these types of oral health issues have been shown to avoid these 

harder textured, difficult to chew foods, including crunchy FV, salad leaves, meat and 

nuts (170,482,484–486). However it has been reported in systematic reviews that more 

evidence and longitudinal studies are required in this area to fully understand the 

relationship between oral health and nutritional status (487,488).  

These foods that are being avoided by older adults, as well as being nutrient dense and 

part of a nutritionally balanced diet, are also components of the MD. Furthermore, if 

oral health can have such a significant impact on nutrient intakes, it also has the 

potential to influence the ability of an individual to change their diet towards a 

healthier dietary pattern, such as the MD.  

A small qualitative study conducted in Australia found that poor oral health status was 

considered a barrier to dietary change (489); however, to date there is very little 

evidence on the relationship between oral health status and MD. An observational 

study conducted amongst the older adult population in Greece found that issues with 

chewing and poor oral health status was not associated with consumption of MD foods 

considered hard to chew such as meat, fruit and nuts, but was associated with a higher 

consumption of chicken, fish, dairy and other softer foods (490). However, Greece is 

a Mediterranean country and therefore this group of older adults would be more 

accustomed to eating a MD style dietary pattern. Results from structured interviews 

found that the older members of the Greek population utilised various methods of 

cooking and preparation to be able to eat the harder to chew foods that they enjoyed; 

such as cutting, chopping, boiling, peeling, mincing meat or cooking vegetables in 

olive oil (490).  However, there are no previous studies that have investigated whether 

oral health status can predict response to dietary interventions designed to promote 

adherence to MD or predict dietary behaviour change in general.  
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3.2 Chapter Aims and Objectives  

 

The main aim of this chapter was:  

 

To investigate, amongst adults at a high risk of CVD in NI, how self-reported oral 

health status can influence dietary change and consumption of MD-associated 

nutrients as part of a 12 month dietary intervention study (the TEAM-MED Extend 

study) to promote adherence to MD. The primary aim of this study was to evaluate a 

peer support MD intervention to encourage adoption and maintenance of a MD, in 

established community groups in comparison to community groups who received a 

less intensive MD support approach. This chapter therefore represents secondary 

analysis of a study designed for another purpose.  

 

The primary objectives of this chapter were:  

 

• To explore the oral health status of a NI population at high CVD risk 

• To investigate whether self-reported oral health status is associated with MDS 

at baseline and 6 months, and change in MDS between baseline and 6 months  

• To investigate self-reported oral health status is associated with consumption 

of certain MDS components at baseline and 6 months, and change in 

consumption of certain MDS components between baseline and 6 months 

• To investigate whether self-reported oral health status is associated with mean 

daily nutrient intakes at baseline and 6 months, and change in mean nutrient 

intakes between baseline and 6 months 

 

The secondary objectives of this chapter were:  

 

• To investigate whether self-reported oral health status is associated with MDS 

at 12 months, and change in MDS between baseline and 12 months  

• To investigate self-reported oral health status is associated with certain MDS 

components at 12 months, and change in consumption between baseline and 

12 months  
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• To investigate whether self-reported oral health status is associated with mean 

daily nutrient intakes at 12 months, and change in mean nutrient intakes 

between baseline and 12 months 
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3.3 Methods  

 

3.3.1 Overview of TEAM-MED Extend study design  

 

This chapter involved a secondary analysis of data obtained from the TEAM-MED 

Extend study, funded by Northern Ireland Chest Heart and Stroke, which began in July 

2015; a 12 month pilot cluster randomised study to evaluate a peer support MD 

intervention to encourage the adoption and maintenance of a MD in established 

community groups.  

Designed as a feasibility study, the intervention was carried out in NI and involved 

individuals (n=31, age range=40-80 y) who were members of already established 

community groups at a high risk of developing CVD. An overview of the study design 

can be seen in Figure 3.1. The intervention group (n=14) received a peer support MD 

intervention, consisting of 11 group-based sessions over the 12 month period; 

including practical cookery demonstrations, MD educational literature and seasonal 

MD recipes as well as a personal work book to encourage dietary goal setting and self-

monitoring behaviours. The control group (n=17) was community groups who 

received a less intensive MD support approach, receiving educational literature about 

MD dietary components, meal plans and seasonal recipe ideas.  

Participants were seen at baseline, 3, 6 and 12 months for study measurements, 

including anthropometric measurements such as height and weight to calculate BMI, 

waist and hip circumference to calculate waist-to-hip ratio, blood pressure, saliva and 

urine samples and 4-day food diaries.  

The primary outcome measure for the TEAM-MED Extend study was change in 

habitual MDS at 6 months from baseline (an indication of adoption of MD), with 

secondary outcome measures including change in MDS at 12 months from 6 months 

(indicating maintenance of MD), changes in psychosocial status including health and 

dietary-related quality of life, changes in markers relating to nutritional status 

including dietary intake, waist and hip circumference and blood pressure.  
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Figure 3.1 Overview of study design 

 

 

3.3.2 Patient recruitment and sample size  

 

Recruitment for the study was conducted between January and June 2016; and all 

follow-up was completed by 12 months later. Inclusion and exclusion criteria for 

participants within established community groups in NI can be seen in Table 3.1. The 

aim was to recruit eligible participants, male and female, from four community groups, 

including six peer supporters over the age of 40 from the general population, hospital 

outpatient clinics and general practice surgeries. Recruitment methods included email 

and media release disseminated to volunteers through previously established 

community links including the Community Development and Health Network and 

other local community, health centres and charity organisations, as well as local 

community groups. A sample size calculation was not conducted for the TEAM-MED 

Extend study as the pilot data generated will be used to inform the development of a 

larger scale trial. The Research Fellow running the TEAM-MED Extend study was not 

able to be blinded in relation to community group randomisation, however assessment 
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of the primary endpoint for the study, the change in habitual MDS at 6 months from 

baseline, was measured by a research team member who was blinded to subject 

randomisation.  

 

3.3.3 Ethical approval  

 

The study was granted ethical approval by the School of Medicine, Dentistry and 

Biomedical Science Ethics Committee at Queen’s University, Belfast (Ref: 15.25.v5). 

Each participant was allocated a unique study number which was used for all study 

documentation and all collected data were held securely and confidentially as required 

under the Data Protection Act 1998 and stored as required by the University; and 

participant names did not appear on any documentation associated with the study apart 

from consent forms and participant contact details which were kept in a locked filing 

cabinet along with any other study documentation.  
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Table 3.1 Inclusion and exclusion criteria for participant involvement in the TEAM-

MED Extend Study  

 

 
 

 
 
 

3.3.4 Secondary analysis of the TEAM-MED Extend study for this chapter   

 

The analysis described in this chapter will be focussing on measures of oral health and 

its relation to nutrient intakes, change in MDS and intakes of foods considered to be 

components of MD. SM Wallace entered dietary data from all the food diaries at 

baseline, 3 6 and 12 months, entered data from questionnaires, assisted with data 

collection at 12 month follow-up visits and conducted the statistical analysis outlined 

in this chapter. Details of the outcome measures and data collection methods used for 

the secondary data analysis of results obtained from the TEAM-MED Extend study 

for this chapter can be observed in Table 3.2.  

Inclusion criteria  Exclusion criteria  

Aged ≥40 y    Diabetes mellitus (excluded only if receiving 

oral medication or insulin treatment) 

Have a MDS ≤5 Established CVD 

Have at least one of the following CVD risk 

factors: 

• T2DM and NOT on any medication 

(oral or insulin; if receiving treatment 

then excluded) 

• Smoker (current) 

• Hypertension (systolic>=140 or 

diastolic >=90mmHg)  

• On anti-hypertensive medication 

• Elevated LDL >=160mg/dl 

• Low high density lipoprotein 

cholesterol (HDL) <=40mg/dl (men) 

- <=50mg/dl (women) (milligrams 

per deciliter of blood) 

• On cholesterol lowering medication 

• Overweight OR obesity (BMI>25) 

• Family history of premature CHD 

(definite MI or sudden death before 

age 55 in male father or 1st degree 

relative or before 65 in mother of 1st 

degree relative (e.g. parent, sibling, 

or child) 

• Ethnicity (South Asian (Afghanistan, 

India, Pakistan, Bangladesh, Sri 

Lanka, Nepal, Bhutan and Maldives); 

or African Caribbean). 

 

Medical conditions or dietary restrictions that 

would substantially limit the ability of the 

participant to complete the study requirements  

Inability to provide informed consent 

Community groups led by health professionals 
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Table 3.2 TEAM-MED Extend study outcome and evaluation measures and data collection methods involved in this analysis 

 

Outcome  Domain to be measured Data collection method  
Time of assessment 

Baseline 3 months 6 months 12 months 

Diet  
MD adherence  14-item MDS questionnaire  ✓ ✓ ✓ ✓ 

Dietary intake 4-day food record  ✓ ✓ ✓ ✓ 

Clinical and 

biomarkers  

Blood pressure Clinically Measured – (Omron M5-1 Healthcare) ✓ ✓ ✓ ✓ 

Waist circumference  Flexible tape ✓ ✓ ✓ ✓ 

Hip circumference  Flexible tape ✓ ✓ ✓ ✓ 

Height Stadiometer ✓ ✓ ✓ ✓ 

Weight Digital scales ✓ ✓ ✓ ✓ 

Intervention 

moderators 
Oral health Questionnaire  ✓ X X ✓ 
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3.3.4.1 Demographic and lifestyle information  

 

Demographic data such as age, gender, height, weight, waist circumference and hip 

circumference were obtained from participants via questionnaires and various 

anthropometric measures. Due to limited data availability, years in full time education 

was used as a measure of socioeconomic status.  

 

3.3.4.2 Oral health status 

 

Self-reported oral health status was assessed using a short self-report questionnaire, to 

minimise participant burden (see Appendix 7) at baseline and 12 months. The 

questionnaire itself is not a validated measure of self-reported oral health status 

however consists of individual questions taken from other validated questionnaires 

used in studies such as TILDA, ELSA and the Canadian Longitudinal Study on Ageing 

(CLAS). Sources of specific questions can be observed in Table 3.3.  
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Table 3.3 Questions asked to measure self-reported oral health status  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ELSA- the English Longitudinal Study of Ageing, TILDA- The Irish Longitudinal Study on Ageing, CLAS- Canadian Longitudinal Study on Ageing. 

Oral Health Question  Study 

Which best describes the teeth you have? 

I have all my own natural teeth- none missing TILDA 

I have my own teeth, no dentures- but some missing 

I have dentures as well as some of my own teeth 

I have full dentures 

I have no teeth or dentures  

Would you say your dental health (mouth, teeth and/or 

dentures) is…? 

Excellent ELSA 

TILDA Very Good 

Good 

Fair 

Poor  

In the past 6 months, have you had any problems with 

your mouth, teeth or dentures which have caused you the 

following problems? 

Difficulty eating food ELSA 

TILDA Difficulty speaking clearly 

Problems with smiling, laughing and showing teeth without embarrassment 

Problems with emotional stability, for example, becoming more easily upset than usual 

Problems enjoying the company of other people such as family, friends or neighbours 

None of these  

In the past 12 months, how often have you avoided eating 

particular foods because of problems with your mouth, 

teeth or dentures?  

Often CLAS 

Sometimes 

Rarely 

Never 

Don’t know  

Difficulty with Mediterranean Diet foods 

If you answered ‘sometimes’ or ‘often’ to the question above, please tell us which foods you have experienced difficulty with and why 

CLAS 

Over the last few years, how often have you visited the 

dentist? 

More frequently than every two years TILDA 

Less frequently than every two years  

Never 

If you needed a routine visit for dental care, which one of 

the following would you attend? 

A general dental practice as a private practice TILDA 

A general dental practice through the National Health Service (NHS) 

The dental hospital 

A dental technician 

Don’t know 
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3.3.4.3 Mediterranean Diet Score   

 

MDS was assessed at each time point using a 14-item questionnaire (see Appendix 4) 

based on that used in the PREDIMED study (375); adapted to include foods commonly 

consumed in a Northern European population, and was used to identify MD adherence 

and dietary behaviours associated with MD (445). These include preferential 

consumption of wholegrain cereal foods, fruits ≥ 2 portions (160 g)/day, vegetables ≥ 

3 portions (240 g)/day, olive/rapeseed oils ≥ 4 tbsp. (60 mL)/day and/or 

Monounsaturated Fatty Acid (MUFA)-rich spreads ≥ 3 tsp. (15 g)/day, nuts ≥ 3 

handfuls (90 g)/week, legumes ≥ 3 portions (240 g)/week, fish ≥ 3 servings (420 

g)/week, poultry 2 servings (300g)/week, red meat ≤ 2 servings (300 g)/week, 

processed meat ≤ 1 serving (150 g)/week, confectionary ≤ 3 servings/week, alcohol 

(if consumed) 125–375 mL ≥ 3 days/week. The primary outcome for the study was 

change in habitual MDS from baseline to 6 months, which would indicate the adoption 

of MD, with the target behaviour change for the intervention being defined as a 3-

point increase from baseline to 6 months, identified as a change likely to be achieved 

by this population group (491). The study’s secondary outcome was change in MDS 

from 6 months to the end of the intervention at 12 months, which would indicate 

maintenance of MD. This analysis focused on overall MDS as well as points gained 

for consumption of specific MDS components (fruit, vegetables, legumes, nuts, red 

meat, processed meat, poultry, fish and wholegrains) as these were the types of foods 

identified in the self-reported oral health questionnaire as being difficult to eat due to 

oral health issues.  

 

3.3.4.4 Dietary intake  

 

Habitual dietary intake was assessed using a 4-day food diary (see Appendix 8), 

completed by participants at baseline, 3, 6 and 12 months, and dietary data from these 

were entered into Nutritics. As differences in energy intake were observed between 

the oral health groups, nutrient intakes were analysed and presented per 1000kcal, to 

ensure any differences in nutrient intakes observed were not simply due to differences 

in energy intake. This analysis focused on intakes of nutrients related to MD to 

investigate the response of the participants to the MD advice given throughout the 
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intervention, including carbohydrates, protein, fat, MUFA, fibre, Vitamin C, carotene, 

eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA).  

 

3.3.5 Statistical analysis 

 

Data from questionnaires answered by participants (excluding dietary data) were 

entered into an SPSS database and data checks and screening were performed to check 

for anomalies within the dataset. Initially the oral health questionnaire was entered 

into a separate SPSS database by SM Wallace due to a substantial number of variables, 

and this dataset was then merged with the larger main dataset once screening checks 

had been performed.  

Due to small participant numbers and to ensure a more even sample size distribution 

amongst the groups, self-reported oral health status was re-categorized into a smaller 

number of groups for analysis. The question was asked as “Would you say your dental 

health (mouth/teeth and/or dentures) is….?” With participants ticking one option only 

from the following (excellent, very good, good, fair or poor). Following re-

categorization, the excellent and very good groups, the fair and poor groups were 

combined, leaving three instead of the original five groups (excellent or very good 

n=12; good n=8; fair or poor n=11). Due to issues whilst generating some of the 

regression models for nutrient intake and MDS, self-reported oral health status was 

further re-categorized into two groups for some analyses; the excellent or very good 

and good groups were combined (excellent or very good or good n=20; fair or poor 

n=11).  

Data analysis was carried out using SPSS. Mean MDS at baseline, 6 and 12 months 

and change in MDS between MDS at baseline and 6 months and baseline and 12 

months amongst the self-reported oral health status groups were calculated. General 

linear regression models were conducted to see if there were differences in MDS or 

change in MDS between the self-reported oral health groups. Binary logistic 

regression models were carried out to investigate how self-reported oral health status 

could influence the odds of increasing point score between baseline and 6 months and 

baseline and 12 months for certain components of the MDS (coded as a binary yes/no 

variable for point obtained), as well as how it could influence the odds of individuals 

obtaining a point for certain MDS components at baseline, 6 months and 12 months 
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separately. One-way analysis of variance (ANOVA) was carried out to investigate 

differences in intakes of key nutrients relating to MD (including protein, fat, 

carbohydrate, MUFA, Vitamin C, carotene, fibre, EPA and DHA) amongst individuals 

at baseline in the different self-reported oral health status groups. Mean change in 

intakes of these nutrients between baseline and 6 months and baseline and 12 months 

were also calculated, and one-way ANOVA was calculated to investigate differences 

in change in intakes between the groups. Univariate general linear models were 

conducted to investigate differences in intakes between the oral health status groups 

of these nutrients (all coded as continuous variables) at each of the three timepoints 

and also change in intakes between baseline and 6 months and baseline and 12 months. 

All regression models were adjusted for age, gender, BMI and years spent in full time 

education. The regression models were also adjusted for waist circumference and 

waist hip ratio as these were observed to be significantly different between the oral 

health groups. Daily mean intakes of EPA, DHA, Vitamin C and carotene at baseline 

and 6 months required log transformation; geometric means and 95% CI have been 

presented in the daily mean intakes tables (Tables 3.12 and 3.13) and logged values 

are used in regression models (as observed in Tables 3.15 and 3.16). The remaining 

variables included in this analysis were normally distributed.  
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3.4 Results 

 

3.4.1 Descriptive characteristics of study participants  

 

Descriptive characteristics of participants involved in the TEAM-MED Extend study 

at baseline are presented in Table 3.4. There were 31 participants in the study at 

baseline (female n=22; male n=9), 24 at 6 months and 23 at 12 months, with a retention 

rate of 77.4% between baseline and 6 months, and 74.2% between baseline and 12 

months. The cohort as a whole were a low socio-economic status group, with a mean 

of 11.6 years spent in full-time education. 17 individuals received the minimum MD 

intervention and 14 received the peer support MD intervention. Both groups exhibited 

similar increases in MDS from baseline to 6 months (3.31 and 2.56 respectively; 

p>0.05 obtained from independent sample t test) and from baseline to 12 months (3.46 

and 3.11 respectively; p>0.05 obtained from independent sample t test) despite the 

differences in the interventions delivered; therefore, the following analysis is not 

stratified by intervention group allocation and it is not included as a factor in the 

regression models presented here.  
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Table 3.4 Descriptive characteristics of the participants in the TEAM-MED Extend 

study at baseline 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The dental health characteristics and dental health practices exhibited by the 

participants in the TEAM-MED Extend study can be observed in Table 3.5. At 

baseline, 19.4% of participants had all of their own natural teeth with none missing; 

48.4% had their own teeth with no dentures but some missing; 22.6% had a mixture 

of their own teeth and dentures, and 9.7% had full dentures. 22.6% participants at 

baseline classed their dental health as excellent; 16.1% as very good; 25.8% as good; 

25.8% as fair and 9.7% as poor. Due to small numbers and for an equal distribution 

amongst the groups, the excellent and very good groups, and the fair and poor groups 

were combined (excellent or very good n=12; good n=8; fair or poor n=11). The 

majority of participants (74.2% at baseline) never or rarely avoided foods due to oral 

health problems in the past 12 months. Foods that were commonly avoided amongst 

the 25.8% of participants at baseline who avoided foods sometimes or often included 

Baseline Characteristic  

No. of participants  31 

Age (Mean (SD)) 59.5 (11.5) 

Gender Male (N (%)) 9 (29%) 

Female (N (%)) 22 (71%) 

Years in full-time education (Mean (SD)) 11.6 (3.7) 

Intervention group  

(N (%)) 

Education (N (%)) 17 

Peer Support (N (%)) 14 

Weight (kg) (Mean (SD)) 77.4 (13.3) 

BMI (kg/m
2
) (Mean (SD)) 29 (4.7) 

BMI classification  

(N (%))  

Normal (N (%)) 5 (16.1%) 

Overweight (N (%)) 17 (54.8%) 

Obese (N (%)) 9 (29%) 

Waist circumference (cm) (Mean (SD)) 98.1 (10.8) 

Hip circumference (cm) (Mean (SD)) 107.9 (9.6) 

Waist hip ratio (Mean (SD)) 0.9 (0.1) 

Systolic Blood pressure (mmHg) (Mean (SD)) 127.8 (16.8) 

Diastolic Blood pressure (mmHg) (Mean (SD)) 80.8 (9.9) 

Relationship Status Single (N (%)) 7 (22.6%) 

Married (N (%)) 17 (54.8%) 

Divorced (N (%)) 3 (9.7%) 

Widowed (N (%)) 4 (12.9%) 
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foods that are key components of MD; 2 (6.5%) avoided natural nuts, 3 (9.7%) avoided 

fruit, 1 (3.2%) avoided vegetables, beans or legumes, and 2 (6.5%) avoided meat.  

 

Table 3.5 Dental health characteristics and practices of participants in the TEAM-

MED Extend study at baseline  

 

 

 

The demographic characteristics of the study participants at baseline in each self-

reported oral health groups (excellent or very good, good, fair or poor) are shown in 

Table 3.6. Significant differences were observed between the good and fair or poor 

oral health status groups for waist circumference and waist hip ratio, and between the 

excellent or very good and the fair or poor oral health status groups for waist hip ratio 

(p values from Student-Newman-Keuls (SNK) post-hoc test p<0.05, p<0.05, 

p<0.001). No other significant differences were observed.  

Dental Health Characteristics and Practices N (%) 

Self-reported 

oral health 

Excellent 7 (22.6%) 

Very Good 5 (16.1%) 

Good 8 (25.8%) 

Fair 8 (25.8%) 

Poor 3 (9.7%) 

Dental health 

status 

 

All own natural teeth- none missing 6 (19.4%) 

All own teeth, no dentures-but some missing 15 (48.4%) 

Dentures as well as some of own teeth 7 (22.6%) 

Full dentures 3 (9.7%) 

No teeth or dentures - 

Problems caused 

by oral health 

 

Difficulty eating food  4 (12.9%) 

Difficulty speaking 2 (6.5%) 

Smiling, laughing and showing teeth without embarrassment  5 (16.1%) 

Emotional stability 1 (3.2%) 

Company of others  3 (9.7%) 

Avoiding foods 

due to oral 

health 

Never 19 (61.3%) 

Rarely 4 (12.9%) 

Sometimes 7 (22.6%) 

Often  1 (3.2%) 

Frequency of 

visiting the 

dentist 

More frequently than every two years 20 (64.5%) 

Less frequently than every two years 5 (16.1%) 

Never in the last two years  5 (16.1%) 

Type of dental 

care  

General practice through NHS 24 (77.4%) 

General practice as a private patient  6 (19.4%) 
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Table 3.6 Descriptive characteristics of the participants in each self-reported oral 

health status group at baseline 

 

P values obtained from one-way ANOVA. ap<0.05 obtained from one-way ANOVA with SNK post-hoc test for comparison of 

the good oral health status with the fair or poor oral health status groups. bp<0.05 obtained from one -way ANOVA with SNK 

post-hoc test for comparison of the excellent or very good oral health status with the fair or poor oral health status groups. 
cp<0.05 obtained from one-way ANOVA with SNK post-hoc test for comparison of the excellent or very good oral health 

status with the good oral health status groups. P value for gender and BMI classification obtained from Chi Squared test using 

Fishers Exact test. BMI-body mass index. 

 

 

3.4.2 Mediterranean Diet Score   

 

MDS at baseline, 6 months and 12 months, and the changes in score between baseline 

and 6 months and baseline and 12 months for all participants, as well as split by self-

reported oral health status group, can be seen in Table 3.7. For both the whole cohort 

and for each oral health group, significant differences were observed between mean 

MDS at baseline and 6 months (p<0.05), and similarly significant differences were 

observed between MDS at baseline and 12 months (p<0.05). Looking at each time 

point separately, no significant differences in mean MDS were observed between the 

self-reported oral health status groups (p>0.05). Proportions of individuals receiving 

a point for each component of the MDS and differences in these proportions amongst 

Baseline Characteristic 

Self-reported Oral Health Status 

P value 
Excellent or 

Very Good 
Good Fair or Poor 

No. of participants  12 8 11 - 

Age (Mean (SD)) 54.8 (11.6) 58.8 (12.99) 65.2 (8.2) 0.1 

Gender 
Male (N (%)) 2 (16.7%) 1 (12.5%) 6 (54.5%) 

0.1 
Female (N (%)) 10 (83.3%) 7 (87.5%) 5 (45.5%) 

Years in education (Mean (SD)) 10.8 (3.7) 11.3 (4.7) 12.6 (2.9) 0.5 

Weight (kg) (Mean (SD)) 78.6 (16.7) 70.8 (9.2) 81.0 (10.6) 0.2 

BMI (kg/m
2
) (Mean (SD)) 30.4 (5.85) 26.3 (3.3) 29.5 (3.7) 0.2 

BMI 

classification  

(N (%))  

Normal (N (%)) 1 (8.3%) 3 (37.5%) 1 (9.1%) 

0.5 Overweight (N (%)) 7 (58.3%) 3 (37.5%) 7 (63.6%) 

Obese (N (%)) 4 (33.3%) 2 (25%) 3 (27.3%) 

Waist circumference (cm)  

(Mean (SD)) 
99.5 (13.2) 89.0 (6.7) 103.1 (5.6) <0.05a,c 

Hip circumference (cm)  

(Mean (SD)) 
110.4 (12.7) 104.4 (7.3) 107.7 (6.9) 0.4 

Waist hip ratio (Mean (SD)) 0.9 (0.1) 0.9 (0.0) 1.0 (0.1) <0.001a,b 

Systolic Blood pressure (mmHg)  

(Mean (SD)) 
125.6 (17.5) 125.0 (11.6) 132.2 (19.5) 0.6 

Diastolic Blood pressure (mmHg) 

(Mean (SD)) 
81.9 (11.1) 79.8 (8.3) 80.3 (10.3) 0.9 
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the self-reported oral health status groups can be observed in Table 3.8. For each self-

reported oral health group, there were no significant differences in the proportions of 

individuals having a point for each MDS component at baseline or 6 months.  

 

 

Table 3.7 Differences in Mediterranean Diet Score amongst the whole cohort and 

the self-reported oral health status groups at various time points 

 

MDS- Mediterranean Diet Score. Results presented as Mean (SD). 1p value obtained from paired sample t test, for comparison 

with baseline Mediterranean Diet Score. 2 p value obtained from one-way ANOVA. *p<0.05 obtained from paired sample t 

test.   

 

 

  

 
Whole 

cohort 

Self-reported Oral Health Group  
P 

value2  
Excellent or 

Very Good 
Good 

Fair or 

Poor  

 

 

MDS  

 

 

Baseline (Mean (SD)) 

(Nmax =31) 
3.3 (1.5) 3.5 (2.0) 2.8 (1.3) 3.5 (1.0) 0.5 

6-months (Mean (SD)) 

(Nmax =22) 
6.3 (2.3)  7.1 (2.6)  5.4 (1.1)  6.2 (2.4)  0.4 

P value1 <0.001* <0.05* <0.05* <0.05* - 

12-months (Mean 

(SD)) 

(Nmax
 =22) 

6.3 (2.3)  6.3 (2.6)  6.0 (2.2)  6.4 (2.3)  0.9 

P value1 <0.001* <0.05* <0.05* <0.05* - 

 

Change 

in 

MDS 

 

Between Baseline and 

6 months (Mean (SD)) 
3.0 (2.4) 3.4 (2.9) 3.0 (0.7) 2.7 (2.6) 0.8 

Between Baseline and 

12 months (Mean 

(SD)) 

3.3 (2.4) 3.5 (3.0) 3.6 (1.1) 3.0 (2.5) 0.9 
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Table 3.8 Differences in proportions of individuals receiving a point for components of the Mediterranean Diet Score in the self-reported oral 

health status groups at baseline and 6 months 

 

 

MDS- Mediterranean Diet Score, assessed via 14-item questionnaire. P value obtained from chi squared test, using Fischer’s Exact test. – chi2 test not conducted due to small numbers.  

 

 

 

MDS Component  

Self-reported Oral Health Status 

Excellent or Very Good Good Fair or Poor 

Baseline 

(N=12) 

6 months 

(N=7) P value 

Baseline 

(N=8) 

6 months 

(N=5) P value 

Baseline 

(N=11) 

6 months 

(N=10) P value 

0 1 0 1 0 1 0 1 0 1 0 1 

Oil-Cooking fat 

       Spreads 

       Quantity  

7 (58.3%) 5 (41.7%) - 7 (100%) - 5 (62.5%) 3 (37.5%) 2 (40%) 3 (60%) 1.0 4 (36.4%) 7 (63.6%) 1 (10%) 9 (90%) 0.4 

11 (91.7%) 1 (8.3%) 3 (42.9%) 4 (57.1%) - 6 (75%) 2 (25%) - 5 (100%) - 11 (100%) - 4 (40%) 6 (60%) - 

12 (100%) - 5 (71.4%) 2 (28.6%) - 8 (100%) - 5 (100%) - - 11 (100%) - 7 (70%) 3 (30%) - 

Fruit 10 (83.3%) 2 (16.7%) 2 (28.6%) 5 (71.4%) 1.0 5 (62.5%) 3 (37.5%) 1 (20%) 4 (80%) 1.0 7 (63.6%) 4 (36.4%) 2 (20%) 8 (80%) 1.0 

Vegetables 12 (100%) - 7 (100%) - - 8 (100%) - 4 (80%) 1 (20%) - 11 (100%) - 8 (80%) 2 (20%) - 

Legumes 10 (83.3%) 2 (16.7%) 4 (57.1%) 3 (42.9%) 0.4 7 (87.5%) 1 (12.5%) 3 (60%) 2 (40%) 1.0 6 (54.6%) 5 (45.4%) 6 (60%) 4 (40%) 1.0 

Red meat 4 (33.3%) 8 (66.7%) 2 (28.6%) 5 (71.4%) 1.0 6 (75%) 2 (25%) 1 (20%) 4 (80%) 0.2 5 (45.4%) 6 (54.6%) 4 (40%) 6 (60%) 0.2 

Processed meat 6 (50%) 6 (50%) 3 (42.9%) 4 (57.14%) 1.0 7 (87.5%) 1 (12.5%) 4 (80%) 1 (20%) - 10 (90.9%) 1 (9.1%) 8 (80%) 2 (20%) 1.0 

Poultry 10 (83.3%) 2 (16.7%) 3 (42.9%) 4 (57.1%) 1.0 7 (87.5%) 1 (12.5%) 3 (60%) 2 (40%) 1.0 9 (81.8%) 2 (18.2%) 8 (80%) 2 (20%) 0.4 

Fish 7 (58.3%) 5 (41.7%) 3 (42.9%) 4 (57.1%) 0.1 7 (87.5%) 1 (12.5%) 4 (80%) 1 (20%) 0.2 10 (90.9%) 1 (9.1%) 8 (80%) 2 (20%) 1.0 

Wholegrains 7 (58.3%) 5 (41.7%)   - 7 (100%) - 3 (37.5%) 5 (62.5%) 2 (40%) 3 (60%) 0.4 3 (27.3%) 8 (72.7%) - 10 (100%) - 

Nuts 9 (75%) 3 (25%) 5 (71.4%) 2 (28.6%) 1.0 8 (100%) - 4 (80%) 1 (20%) - 10 (90.9%) 1 (9.1%) 6 (60%) 4 (40%) 0.4 

Sweet foods 10 (83.3%) 2 (16.7%) 6 (85.7%) 1 (14.3%) 0.1 6 (75%) 2 (25%) 4 (80%) 1 (20%) 0.2 11 (100%) - 9 (90%) 1 (10%) - 

Alcohol  11 (91.7%) 1 (8.3%) 5 (71.4%) 2 (28.6%) 0.3 7 (87.5%) 1 (12.5%) 5 (100%) - - 8 (72.7%) 3 (27.3%) 7 (70%) 3 (30%) 0.2 
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Results from general linear regression models (using the fair or poor oral health group 

as the reference category) found no significant differences in MDS at baseline, 6 

months or 12 months, or change in MDS between baseline and 6 months and baseline 

and 12 months, between the self-reported oral health status groups (p>0.05) (data not 

shown).  

Tables 3.9 and 3.10 display results from logistic regression models investigating the 

difference in odds of achieving a point score for consumption of certain components 

of the MDS at baseline and at 6 months between the self-reported oral health status 

groups, using the excellent or very good oral health group as the reference category.   

Odds of achieving a point for fish consumption differed between the groups at baseline 

in the unadjusted models (p<0.05), with the fair or poor oral health group having a 

higher odds of achieving a point compared to the excellent or very good group, 

however this lost significance in the fully adjusted models (p>0.05). No differences 

were observed between the good oral health group and the excellent or very good 

group for fish consumption, and no differences between the groups overall were 

observed for odds of achieving a point for consumption of the other MDS components 

investigated (p>0.05) at either baseline or 6 months.  

Table 3.11 displays results from logistic regression models investigating the difference 

in odds of increasing point score for consumption of certain components of the MDS 

between baseline and 6 months between the self-reported oral health status groups, 

using the excellent or very good oral health group as the reference category. No 

significant differences were observed (p>0.05). 

Similar results were observed at 12 months; no differences between the oral health 

groups were observed for odds of achieving a point for MDS component consumption 

at 12 months, or the odds of gaining a point between baseline and 12 months (p>0.05; 

data not shown). 
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Table 3.9 Regression results for self-reported oral health status influencing the odds of achieving a point for Mediterranean Diet Score 

component consumption at baseline  

MDS- Mediterranean Diet Score. Reference- reference level. Results presented as odds ratio (95% CI). *p value <0.05 obtained from binary logistic regression model. Model 1 unadjusted; model 2 adjusted for age; 

model 3 adjusted for age and gender; model 4 adjusted for age, gender and mean years spent in full-time education; model 5 adjusted for age, gender, mean years spent in full-time education and BMI; model 6 adjusted 

for age, gender, mean years spent in full-time education, BMI, waist circumference and waist hip ratio. All participants scored 0 for vegetable consumption as part of the MDS questionnaire; therefore, models could not 

be generated. **Self-reported oral health status was recategorized into two groups rather than three, due to issues with small numbers. 

MDS 

Component 
Self-reported oral health  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Fruit 

Excellent or Very good 

Good 

Fair or poor  

Reference 

3.00 (0.37, 24.17) 

2.86 (0.41, 20.14) 

Reference 

2.60 (0.30, 22.49) 

1.85 (0.23, 14.89) 

Reference 

2.94 (0.32, 27.01) 

1.64 (0.20, 13.67) 

Reference 

2.54 (0.25, 25.42) 

1.22 (0.13, 11.67) 

Reference 

4.86 (0.32, 74.13) 

1.22 (0.13, 11.94) 

Reference 

4.26 (0.15, 122.76) 

1.25 (0.07, 22.06) 

Vegetables 

Excellent or Very good 

Good 

Fair or poor  

N/A N/A N/A N/A N/A N/A 

Legumes 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.71 (0.05, 9.50) 

4.17 (0.61, 28.62) 

Reference 

0.68 (0.05, 9.26) 

3.64 (0.45, 29.65) 

Reference 

0.66 (0.05, 9.14) 

3.89 (0.44, 34.45) 

Reference 

0.67 (0.05, 9.28) 

4.23 (0.45, 39.36) 

Reference 

1.37 (0.07, 26.77) 

4.06 (0.41, 40.68) 

Reference 

0.70 (0.02, 29.30) 

3.69 (0.24, 57.65) 

Nuts** 
Excellent, Very Good or Good 

Fair or Poor  

Reference 

2.75 (0.21, 35.84) 

Reference 

1.51 (0.09, 26.37) 

Reference 

5.71 (0.16, 208.99) 

Reference 

5.96 (0.16, 223.72) 

Reference 

5.32 (0.13, 210.97) 

Reference 

1.64 (0.00, 1181.61) 

Red meat 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.17 (0.02, 1.23) 

0.60 (0.11, 3.25) 

Reference 

0.17 (0.02, 1.29) 

0.66 (0.10, 4.17) 

Reference  

0.16 (0.02, 1.22) 

0.78 (0.12, 5.30) 

Reference 

0.15 (0.02, 1.20) 

0.71 (0.10, 5.05) 

Reference 

0.18 (0.02, 1.63) 

0.66 (0.09, 4.96) 

Reference 

0.13 (0.01, 1.48) 

0.89 (0.10, 7.79) 

Processed 

meat** 

Excellent, Very Good or Good 

Fair or Poor 

Reference 

0.19 (0.02, 1.77) 

Reference 

0.16 (0.02, 1.71) 

Reference 

0.15 (0.01, 1.72) 

Reference 

0.17 (0.01, 2.13 

Reference 

0.06 (0.00, 1.32) 

Reference 

0.08 (0.00, 1.87) 

Poultry 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.71 (0.05, 9.50) 

1.11 (0.13, 9.61) 

Reference 

0.60 (0.04, 8.62) 

0.77 (0.07, 7.98) 

Reference 

0.48 (0.03, 7.71) 

0.83 (0.07, 9.94) 

Reference 

0.35 (0.02, 7.14) 

0.56 (0.04, 9.04) 

Reference 

0.11 (0.00, 3.99) 

0.75 (0.03, 18.38) 

Reference 

0.08 (0.00, 3.33) 

1.38 (0.02,101.48) 

Fish 

Excellent or Very good 

Good 

Fair or poor 

Reference 

0.20 (0.02, 2.18) 

0.14 (0.01, 1.47) 

Reference 

0.10 (0.01, 1.71) 

0.05* (0.00, 0.88) 

Reference 

0.11 (0.01, 2.18) 

0.03* (0.00, 0.84) 

Reference 

0.08 (0.00, 1.93) 

0.03 (0.00, 1.00) 

Reference 

0.12 (0.00, 3.79) 

0.03 (0.00, 1.03) 

Reference 

0.09 (0.00, 4.41) 

0.03 (0.00, 1.16) 

Wholegrains  

Excellent or Very good 

Good 

Fair or poor 

Reference 

2.33 (0.37, 14.61) 

3.73 (0.65, 21.58) 

Reference 

2.38 (0.37, 15.32) 

3.94 (0.58, 26.68) 

Reference 

2.44 (0.38, 15.90) 

3.75 (0.53, 26.47) 

Reference 

2.43 (0.37, 15.90) 

3.50 (0.48, 25.39) 

Reference 

2.47 (0.32, 19.05) 

3.49 (0.48, 25.57) 

Reference 

2.03 (0.25, 16.68) 

6.04 (0.60, 61.02) 
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Table 3.10 Regression results for self-reported oral health status influencing the odds of achieving a point for Mediterranean Diet Score 

component consumption at 6 months  

MDS- Mediterranean Diet Score. Reference- reference level. Results presented as odds ratio (95% CI). *p value <0.05 obtained from binary logistic regression model. Model 1 unadjusted; model 2 adjusted for age; 

model 3 adjusted for age and gender; model 4 adjusted for age, gender and mean years spent in full-time education; model 5 adjusted for age, gender, mean years spent in full-time education and BMI; model 6 

adjusted for age, gender, mean years spent in full-time education, BMI, waist circumference and waist hip ratio. **Self-reported oral health status was recategorized into two groups rather than three due to issues with 

small numbers. No participants scored 0 for wholegrain consumption as part of the MDS questionnaire; therefore, models could not be generated. Due to small numbers regression models for vegetables, red meat, 

fruit and processed meat could not be fully adjusted but were adjusted as far as possible. 

MDS 

Component 
Self-reported oral health  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Fruit** 
Excellent, Very Good or Good 

Fair or Poor  

Reference 

1.33 (0.18, 10.12) 

Reference 

2.23 (0.23, 21.25) 

Reference 

2.27 (0.12, 44.49) 

Reference 

2.21 (0.11, 45.75) 

Reference 

0.25 (0.00, 190.78) 

Reference 

 

Vegetables** 
Excellent, Very Good or Good 

Fair or Poor  

Reference  

2.75 (0.21, 35.84) 

Reference 

1.57 (0.10, 25.80) 

Reference 

1.64 (0.10, 26.78) 

N/A N/A N/A 

 

Legumes 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.89 (0.09, 9.16) 

0.89 (0.13, 6.31) 

Reference 

0.85 (0.08, 8.97) 

0.73 (0.08, 6.38) 

Reference 

0.95 (0.09, 10.31) 

0.61 (0.06, 6.08) 

Reference 

1.42 (0.11, 18.15) 

0.90 (0.08, 10.64) 

Reference 

0.94 (0.06, 13.63) 

1.20 (0.08, 19.12) 

Reference 

0.04 (0.00, 41.86) 

0.02 (0.00, 226.12) 

Nuts 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.63 (0.04, 9.65) 

1.67 (0.21, 13.22) 

Reference 

0.63 (0.04, 9.80) 

1.73 (0.17, 17.09) 

Reference 

0.60 (0.04, 9.52) 

1.93 (0.17, 22.10) 

Reference 

0.78 (0.04, 13.75) 

2.59 (0.19, 34.73) 

Reference 

0.58 (0.03, 11.53) 

3.26 (0.19, 54.80) 

Reference 

0.16 (0.01, 5.59) 

1.32 (0.03, 64.74) 

Red meat 

Excellent or Very good 

Good 

Fair or poor  

Reference 

1.60 (0.10, 24.70) 

0.60 (0.08, 4.76) 

Reference 

1.39 (0.08, 24.07) 

0.26 (0.02, 3.75) 

Reference 

1.27 (0.07, 22.06) 

0.45 (0.03, 6.96) 

Reference 

0.98 (0.05, 19.32) 

0.31 (0.02, 5.54) 

Reference 

1.19 (0.05, 26.73) 

0.24 (0.01, 6.05) 

Reference 

 

Processed 

meat** 

Excellent, Very Good or Good 

Fair or Poor  

Reference  

0.35 (0.05, 2.41) 

Reference 

0.30 (0.04, 2.49) 

N/A N/A N/A N/A 

 

Poultry 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.50 (0.05, 5.15) 

0.19 (0.02, 1.62) 

Reference 

0.40 (0.03, 4.92) 

0.09 (0.01, 1.35) 

Reference 

0.31 (0.02, 4.02) 

0.11 (0.01, 1.58) 

Reference 

0.06 (0.00, 2.10) 

0.01 (0.00, 1.35) 

Reference 

0.06 (0.00, 2.10) 

0.01 (0.00, 1.40) 

Reference 

0.04 (0.00, 3.09) 

0.02 (0.00, 5.28) 

Fish 

Excellent or Very good 

Good 

Fair or poor 

Reference 

0.19 (0.01, 2.66) 

0.19 (0.02, 1.62) 

Reference 

0.14 (0.01, 2.51) 

0.09 (0.01, 1.43) 

Reference 

0.15 (0.01, 2.75) 

0.08 (0.00, 1.65) 

Reference 

0.10 (0.00, 2.53) 

0.05 (0.00, 1.58) 

Reference 

0.11 (0.00, 4.82) 

0.02 (0.00, 1.72) 

Reference 

0.02 (0.00, 10.71) 

0.00 (0.00, 1.21) 

Wholegrains  

Excellent or Very good 

Good 

Fair or poor 

N/A N/A N/A N/A N/A N/A 
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Table 3.11 Regression results for self-reported oral health status influencing the odds of increasing point score for consumption of certain 

Mediterranean Diet Score components between baseline and 6 months 

 

 

 

 

 

 

 

 

 

 

 

 

MDS- Mediterranean Diet Score. Reference- reference level. Results presented as odds ratio (95% CI). *p value <0.05 obtained from binary logistic regression model. Model 1 unadjusted; model 2 adjusted 

for age; model 3 adjusted for age and gender; model 4 adjusted for age, gender and mean years spent in full-time education; model 5 adjusted for age, gender, mean years spent in full-time education and 

BMI; model 6 adjusted for age, gender, mean years spent in full-time education, BMI, waist circumference and waist hip ratio. **Self-reported oral health status was recategorized into two groups rather than 

three due to issues with small numbers. Due to small numbers regression models for vegetables, red meat and fish could not be fully adjusted but were adjusted as far as possible. 

 

 

MDS 

Component 
Self-reported oral health  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Fruit 

Excellent or Very good 
Good 

Fair or poor  

Reference 
2.00 (0.19, 20.61) 

1.33 (0.19, 9.31) 

Reference 
2.48 (0.21, 29.95) 

2.55 (0.24, 27.00) 

Reference 
3.28 (0.26, 41.38) 

1.52 (0.14, 16.80) 

Reference 
3.78 (0.25, 58.49) 

1.72 (0.14, 21.68) 

Reference 
4.05 (0.24, 69.35) 

1.65 (0.13, 21.40) 

Reference 
4.92 (0.04, 692.01) 

1.77 (0.02, 201.90) 

Vegetables** 
Excellent, Very Good or Good 

Fair or Poor 

Reference 

2.75 (0.21, 35.84) 

Reference 

1.57 (0.10, 25.80) 

Reference 

1.64 (0.10, 26.78) 

N/A N/A N/A 

Legumes 

Excellent or Very good 

Good 

Fair or poor  

Reference 

1.67 (0.15, 18.87) 

0.63 (0.07, 5.97) 

Reference 

1.96 (0.16, 24.78) 

1.09 (0.08, 14.73) 

Reference 

2.51 (0.19, 33.28) 

0.42 (0.02, 9.80) 

Reference 

1.77 (0.12, 26.81) 

0.24 (0.01, 9.68) 

Reference 

0.84 (0.04, 20.02) 

0.42 (0.01, 27.13) 

Reference 

0.57 (0.02, 20.03) 

0.30 (0.00, 53.34) 

Nuts 

Excellent or Very good 
Good 

Fair or poor  

Reference 
1.50 (0.07, 31.58) 

2.57 (0.21, 31.71) 

Reference 
1.41 (0.06, 31.55) 

1.77 (0.12, 25.44) 

Reference 
1.59 (0.07, 39.01) 

1.64 (0.11, 24.42) 

Reference 
1.87 (0.07, 53.97) 

1.92 (0.11, 33.48) 

Reference 
1.25 (0.04, 39.35) 

2.68 (0.11, 65.73) 

Reference 
1.51 (0.02, 101.45) 

0.56 (0.01, 39.16) 

Red meat** 
Excellent, Very Good or Good 
Fair or Poor  

Reference 

0.11 (0.01, 1.17) 

Reference 

0.08 (0.01, 1.09) 

Reference 

0.04 (0.00, 1.71) 

Reference 

0.04 (0.00, 1.69) 

Reference 

0.00 (0.00, 16.06) 

N/A 

 

Processed meat 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.63 (0.04, 9.65) 

0.63 (0.07, 5.97) 

Reference 

0.71 (0.04, 12.19) 

1.27 (0.08, 19.03) 

Reference 

0.87 (0.05, 15.50) 

0.42 (0.02, 11.97) 

Reference 

0.75 (0.04, 14.67) 

0.33 (0.01, 13.05) 

Reference 

0.27 (0.01, 9.17) 

0.68 (0.01, 57.07) 

Reference 

0.30 (0.01, 10.36) 

0.56 (0.00, 118.09) 

Poultry 

Excellent or Very good 

Good 

Fair or poor  

Reference 

0.89 (0.09, 9.16) 

0.15 (0.01, 1.90) 

Reference 

0.73 (0.06, 9.11) 

0.07 (0.00, 1.39) 

Reference 

0.64 (0.05, 8.63) 

0.07 (0.00, 1.48) 

Reference 

0.29 (0.01, 6.29) 

0.02 (0.00, 1.76) 

Reference 

0.37 (0.02, 9.38) 

0.02 (0.00, 1.77) 

Reference 

1.21 (0.02, 89.55) 

0.01 (0.00, 1.84) 

Fish** 
Excellent, Very Good or Good 
Fair or Poor  

Reference 
2.75 (0.21, 35.84) 

Reference 
12.35 (0.31, 493.51) 

Reference 
17.33 (0.25, 1223.88) 

Reference 
16.56 (0.21, 1306.01) 

Reference 
10.76 (0.12, 990.62) 

N/A 
 

Wholegrains  

Excellent or Very good 

Good 
Fair or poor 

Reference 

0.89 (0.09, 9.16) 
0.33 (0.04, 2.87) 

Reference 

0.94 (0.09, 9.98) 
0.43 (0.04, 4.53) 

Reference 

0.87 (0.08, 9.55) 
0.51 (0.04, 6.35) 

Reference 

1.18 (0.09, 15.54) 
0.67 (0.05, 9.06) 

Reference 

1.09 (0.07, 16.53) 
0.68 (0.05, 9.49) 

Reference 

0.65 (0.04, 11.83) 
0.27 (0.01, 9.90) 
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3.4.3 Mean daily nutrient intakes  

 

Table 3.12 displays daily mean intakes of nutrients (adjusted for energy intake and 

presented in quantity per 1000kcal) including protein, fat, carbohydrate, MUFA, 

Vitamin C, EPA and DHA at baseline and 6 months, as well as the change in mean 

daily intakes of nutrients between baseline and 6 months for the whole cohort. 

Between baseline and 6 months intakes of protein increased significantly (p<0.001), 

whilst a nearly significant increase in intakes of MUFA was also observed between 

baseline and 6 months (p=0.05). No other significant differences in nutrient intakes 

were observed for the whole cohort.  

 

Table 3.12 Daily mean nutrient intakes at baseline and 6 months and change in mean 

daily intakes between baseline and 6 months  

 

Nutrient intakes energy adjusted and presented in grams/milligrams/micrograms per 1000kcal. *Nutrient amounts were log10 

transformed and back transformed and presented as geometric means (95% CI). P values obtained from paired sample t test, 
EPA-eicosapentaenoic acid, DPA- docosahexaenoic acid, MUFA- monounsaturated fatty acid. 

 

 

 

 

Mean Daily 

Nutrient 

Intakes 

(/1000kcal) 

 

Baseline 

(Mean (SD)) 

6 months  

(Mean (SD)) 
P value  

Change in intake  

(Mean (SD)) 

Carbohydrate  

(grams) 
113.61 (15.73) 109.55 (13.42) 0.2 -2.32 (16.27) 

Fat  

(grams) 
39.40 (8.02) 36.99 (6.27) 0.1 -2.68 (8.03) 

Protein  

(grams) 
40.12 (9.00) 43.56 (10.68) <0.001 4.40 (6.74) 

MUFA  

(grams) 
13.70 (3.38) 13.77 (2.68) 0.05 -0.15 (3.32) 

EPA* 

(grams)   
0.04 (0.01, 0.09) 0.04 (0.00, 0.09) 0.9 0.00 (0.13) 

DHA*  

(grams)  
0.06 (0.02, 0.12) 0.05 (0.01, 0.09) 0.6 -0.02 (0.14) 

Carotene*  

(micrograms) 
1316.79 (917.62, 2135.46) 2044.76 (1046.17, 2066.86) 0.1 506.63 (1499.87) 

Vitamin C*  

(milligrams)  
41.89 (21.33, 62.91) 46.25 (32.59, 55.38) 0.2 4.11 (39.15) 

Fibre  

(grams) 
10.03 (2.95) 10.22 (3.25) 0.2 0.43 (3.54) 
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Daily mean intakes of nutrients (adjusted for energy intake and presented in units per 

1000kcal) including protein, fat, carbohydrate, MUFA, Vitamin C, EPA and DHA at 

baseline and 6 months amongst the self-reported oral health status groups are 

displayed in Table 3.13. There was a significant difference between the groups at 

baseline for mean daily carbohydrate intake; with individuals in the good oral health 

group consuming significantly higher amounts of carbohydrate per day compared to 

individuals in the excellent or very good oral health group (p<0.05). No significant 

differences were observed between the fair or poor oral health group when compared 

to the excellent or very good oral health group or the good oral health group. Table 

3.14 displays the change in mean daily intakes of nutrients between baseline and 6 

months for the self-reported oral health status groups. No significant differences in 

change in nutrient intakes (displayed in grams per 1000kcal to adjust for energy intake) 

were observed between the self-reported oral health status groups (p>0.05); however 

nearly significant differences were observed between the groups for change in protein 

and fibre intakes (p=0.05 and p=0.05 respectively). The differences were potentially 

occurring between individuals in the excellent or very good oral health group 

compared to the fair or poor oral health group; with the fair or poor oral health group 

exhibiting a greater change in intake in protein and a smaller change in intake in fibre 

compared to the excellent or very good oral health group.  
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Table 3.13 Daily mean nutrient intakes amongst the self-reported oral health status groups at baseline and 6 months  

 

Mean Daily 

Nutrient 

Intakes 

(/1000kcal) 

Self-reported Oral Health Status 

Baseline 6 months 

Excellent or Very Good 

(Mean (SD)) 
Good 

(Mean (SD)) 
Fair or Poor 

(Mean (SD)) 
P 

value 
Excellent or Very Good 

(Mean (SD)) 
Good 

(Mean (SD)) 
Fair or Poor 

(Mean (SD)) 
P 

value 
Carbohydrate 

(grams) 
111.75 (15.19) a 125.04 (16.26) 107.32 (12.31) <0.05* 108.14 (11.83) 110.20 (7.43) 110.20 (17.17) 1.0 

Fat 

(grams) 
40.58 (8.13) 33.88 (5.78) 42.13 (7.90) 0.1 40.02 (6.93) 33.51 (6.76) 36.52 (5.29) 0.3 

Protein 

(grams) 
42.80 (11.81) 40.38 (5.91) 37.00 (6.74) 0.3 42.14 (14.55) 41.14 (5.99) 45.31 (9.70) 0.8 

MUFA 

(grams) 
14.20 (3.35) 11.47 (2.38) 14.77 (3.52) 0.1 15.35 (2.48) 12.87 (3.05) 13.11 (2.47) 0.2 

EPA** 

(grams) 
0.07 (0.02, 0.12) 0.02 (-0.01, 0.04) 0.04 (-0.01, 0.08) 0.2 0.03 (-0.03, 0.10) 0.05 (-0.09, 0.19) 0.05 (-0.05, 0.15) 0.9 

DHA** 

(grams) 
0.09 (0.03, 0.15) 0.04 (-0.01, 0.08) 0.05 (-0.01, 0.10) 0.2 0.03 (-0.01, 0.08) 0.07 (-0.10, 0.25) 0.06 (-0.03, 0.15) 0.8 

Carotene** 

(micrograms) 
1037.71 (618.15,1506.18) 1591.22 (896.48, 2466.19) 1431.08 (595.46, 1337.94) 0.8 958.93 (369.75, 1192.23) 1930.20 (505.83, 2473.48) 2819.57 (1675.27, 5813.46) 0.2 

Vitamin C** 

(milligrams)  
39.25 (21.96, 65.69) 56.86 (29.55, 89.89) 34.17 (19.67, 32.48) 0.5 51.65 (27.04, 69.37) 49.55 (16.66, 71.07) 41.21 (29.33, 55.07) 0.6 

Fibre  

(grams) 
9.62 (3.18) 11.30 (3.38) 9.56 (2.95) 0.4 8.27 (2.37) 8.77 (1.41) 11.99 (3.35) 0.1 

Nutrient intakes energy adjusted and presented in grams/milligrams/micrograms per 1000kcal. **Nutrient amounts were log10 transformed and back transformed and presented as geometric means (95% CI). P 

value obtained from one-way ANOVA. *p<0.05 analysed using one-way ANOVA. 
a 
p<0.05 analysed using one-way ANOVA with SNK post-hoc test for comparison of the good oral health status with the 

excellent or very good oral health status groups. EPA-eicosapentaenoic acid, DPA- docosahexaenoic acid, MUFA- monounsaturated fatty acid. 
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Table 3.14 Mean change in daily nutrient intakes between baseline and 6 months 

amongst the self-reported oral health status groups   

 

P value obtained from one-way ANOVA. EPA-eicosapentaenoic acid, DPA- docosahexaenoic acid, MUFA- monounsaturated 

fatty acid. 

 

 

 

Table 3.15 displays results from univariate general linear regression models for 

differences in mean daily intakes of nutrients at baseline for the three oral health status 

groups. Nutrient intakes have been adjusted for energy intake and presented in units 

per 1000kcal, and the fair or poor oral health group was used as the reference category.  

At baseline, fat intake differed amongst the self-reported oral health status groups in 

both the unadjusted and fully adjusted models (p<0.05); with those individuals in the 

good oral health group consuming significantly less fat per day compared to 

individuals in the fair or poor oral health group. No significant differences were 

observed between the excellent or very good oral health status and fair or poor oral 

health groups for fat intake at baseline (p>0.05). Mean daily carbohydrate intake at 

baseline also differed according to oral health status group in the unadjusted models 

(p<0.05) however this lost significance in the fully adjusted model (p>0.05); with 

those individuals in the good oral health group consuming significantly more 

 

Mean change in 

Daily Nutrient 

Intakes 

(/1000kcal) 

 

Self-reported Oral Health Status  

 

 

P value 

Excellent or Very 

Good  

(Mean (SD)) 

Good 

(Mean (SD)) 

Fair or Poor 

(Mean (SD)) 

Carbohydrate 

(grams) 
-4.29 (18.62) -4.99 (17.00) 0.17 (16.04) 0.8 

Fat 

(grams) 
0.90 (9.45) -3.92 (10.23) -4.51 (5.98) 0.4 

Protein 

(grams) 
-0.66 (7.83) 4.44 (4.82) 7.75 (4.56) 0.05 

MUFA 

(grams) 
1.92 (3.29) 0.03 (3.93) -1.60 (2.57) 0.1 

EPA 

(grams)  
-0.04 (0.1) 0.04 (0.1) 0.00 (0.2) 0.6 

DHA 

(grams) 
-0.07 (0.1) 0.06 (0.1) -0.01 (0.2) 0.4 

Carotene 

(micrograms) 
237.5 (1550.6) 90.6 (1347.4) -1268.1 (1277.5) 0.5 

Vitamin C 

(milligrams) 
-19.12 (37.70) 12.35 (64.42) -2.97 (24.41) 0.1 

Fibre  

(grams) 
2.36 (4.12) -1.09 (1.90) -2.07 (2.48) 0.05 
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carbohydrate per day compared to individuals in the fair or poor oral health group. No 

significant differences were observed between the excellent or very good oral health 

status and fair or poor oral health groups for carbohydrate intake at baseline (p>0.05). 

In both the unadjusted and fully adjusted regression models, MUFA intake was 

significantly different between self-reported oral health status groups at baseline 

(p<0.05); with those individuals in the good oral health group consuming significantly 

less MUFA per day compared to individuals in the fair or poor oral health group. 

MUFA intake did not differ between the excellent or very good oral health status and 

the fair or poor oral health status group at baseline (p>0.05). 

Table 3.16 displays results from univariate general linear regression models for 

differences in mean daily intakes of nutrients at 6 months for the three oral health 

status groups. Nutrient intakes have been adjusted for energy intake and presented in 

units per 1000kcal, and the fair or poor oral health group was used as the reference 

category.  

Intakes of MUFA at 6 months also significantly differed between the oral health 

groups; individuals in the excellent or very good oral health group were consuming 

higher amounts when compared to individuals in the fair or poor oral health group 

(p<0.05), however no differences were observed between the good oral health status 

group and the fair or poor oral health group (p>0.05). Differences in fibre intakes at 6 

months were also observed between the groups, with individuals in both the excellent 

or very good and good oral health groups consuming lower daily amounts when 

compared to individuals in the fair or poor oral health group (p<0.05). After full 

adjustment, daily intakes of Vitamin C also appeared to differ according to self-

reported oral health status; again with individuals in both the excellent or very good 

and good oral health groups consuming lower daily amounts when compared to 

individuals in the fair or poor oral health group (p<0.05). 

Table 3.17 displays results from univariate general linear regression models for 

differences in change in mean daily intakes of nutrients from baseline to 6 months for 

the three oral health status groups. Change in nutrient intakes have been adjusted for 

energy intake and presented in units per 1000kcal, and the fair or poor oral health 

group was used as the reference category.  
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Change in protein intake between baseline and 6 months significantly differed 

between the self-reported oral health groups in the unadjusted regression model 

(p<0.05) with individuals in the excellent or very good oral health group having a 

smaller change in intake compared to individuals in the fair or poor oral health group. 

However, this lost significance in the fully adjusted models (p>0.05). Similarly, 

change in mean daily intake of MUFA differed amongst the groups in the unadjusted 

regression models (p<0.05) however this lost significance in the fully adjusted model; 

with individuals in the excellent or very good oral health group having a greater 

change in intake between baseline and 6 months when compared to individuals in the 

fair or poor oral health group. No differences were observed between the good oral 

health group and the fair or poor oral health group (p>0.05).   

Change in mean daily carotene intake between baseline and 6 months also differed 

between the oral health groups in the fully adjusted model (p<0.05), with individuals 

in the excellent or very good oral health group having a smaller change in intake when 

compared to individuals in the fair or poor oral health status groups. Similarly, change 

in mean daily fibre intakes between baseline and 6 months were observed between the 

groups in both the unadjusted and fully adjusted models (p<0.05); again with 

individuals in the excellent or very good oral health group having a smaller change in 

intake between baseline and 6 months when compared to participants in the fair or 

poor oral health group. Changes in fibre or carotene intake did not differ between the 

good oral health status and the fair or poor oral health status groups (p>0.05). 

General linear regression models were also conducted to investigate differences in 

mean daily nutrient intakes at 12 months and change in nutrient intakes between 

baseline and 12 months amongst the three oral health groups. No significant 

differences between the groups were observed (data not shown).  
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Table 3.15 Regression results for influence of self-reported oral health status on mean daily nutrient intake at baseline  

a Nutrient amounts were log10 transformed. Mean daily nutrient intakes in g/mg/ug per 1000kcal. Reference- reference level. Results presented as Beta value (95% CI). *p value <0.05 obtained from 
univariate generalised linear model. Model 1 unadjusted; model 2 adjusted for age; model 3 adjusted for age and gender; model 4 adjusted for age, gender and mean years spent in full-time education; model 5 

adjusted for age, gender, mean years spent in full-time education and BMI; model 6 adjusted for age, gender, mean years spent in full-time education, BMI, waist circumference and waist hip ratio. EPA-

eicosapentaenoic acid, DPA- docosahexaenoic acid, MUFA- monounsaturated fatty acid. 

Nutrient 
Self-reported oral 

health  
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Fat 

Excellent or Very good 

Good 

Fair or poor  

-1.55 (-7.98, 4.89) 

-8.26* (-15.42, -1.09) 

Reference 

-0.20 (-7.22, 6.83) 

-7.42* (-14.80, -0.04) 

Reference 

-0.79 (-8.10, 6.52) 

-8.26* (-16.10, -0.41) 

Reference 

-0.50 (-8.06, 7.05) 

-8.02(-16.07, 0.03) 

Reference 

-1.68(-8.44, 5.08) 

-12.91*(-20.91, -4.91) 

Reference 

2.09 (-4.06, 8.24) 

-7.94* (-15.57, -0.30) 

Reference 

Carbohydrate 

Excellent or Very good 

Good 

Fair or poor  

4.44 (-7.97, 16.85) 

17.72* (3.91, 31.54) 

Reference 

3.98 (-9.81, 17.77) 

17.44* (2.95, 31.93) 

Reference 

3.79 (-10.70, 18.27) 

17.17* (1.63, 32.71) 

Reference 

2.90 (-11.99, 17.79) 

16.45* (0.58, 32.32) 

Reference 

4.09 (-10.7, 18.93) 

21.41* (3.84, 38.97) 

Reference 

0.29 (-16.02, 16.59) 

16.49 (-3.75, 36.73) 

Reference 

Protein 

Excellent or Very good 
Good 

Fair or poor  

5.80 (-1.84, 13.44) 
3.38 (-5.13, 11.88) 

Reference 

4.51 (-3.88, 12.91) 
2.58 (-6.23, 11.40) 

Reference 

4.33 (-4.49, 13.14) 
2.32 (-7.13, 11.78) 

Reference 

3.82 (-5.25, 12.88) 
1.91 (-7.76, 11.57) 

Reference 

4.86 (-3.84, 13.56) 
6.23 (-4.06, 16.53) 

Reference 

1.03 (-8.02, 10.08) 
0.84 (-10.40, 12.07) 

Reference 

MUFA 

Excellent or Very good 
Good 

Fair or poor  

-0.57 (-3.31, 2.17) 
-3.29* ( -6.34, -0.25) 

Reference 

-0.21 (-3.23, 2.82) 
-3.07 (-6.25, 0.10) 

Reference 

-0.50 (-3.64, 2.63) 
-3.49* (-6.85, -0.12) 

Reference 

-0.57 (-3.82, 2.68) 
-3.54* (-7.00, -0.08) 

Reference 

-1.07 (-3.99, 1.86) 
-5.61* (-9.07, -2.16) 

Reference  

0.21 (-2.74, 3.17) 
-3.91* (-7.58, -0.24) 

Reference 

EPAa 

Excellent or Very good 

Good 
Fair or poor  

0.01 (-0.01, 0.04) 

-0.01 (-0.03, 0.02) 

Reference 

0.01 (-0.01, 0.04) 

-0.01 (-0.03, 0.02) 

Reference 

0.02 (-0.01, 0.04) 

0.00 (-0.03, 0.02) 

Reference 

0.02 (-0.01, 0.04) 

0.00 (-0.03, 0.03) 

Reference 

0.02 (-0.01, 0.04) 

0.00 (-0.04, 0.03) 

Reference 

0.02 (-0.01, 0.05) 

0.01 (-0.03, 0.04) 

Reference 

DHAa 

Excellent or Very good 

Good 
Fair or poor  

0.02 (-0.01, 0.05) 

0.00 (-0.03, 0.03) 
Reference 

0.02 (-0.01, 0.05) 

-0.01 (-0.04, 0.03) 
Reference 

0.02 (-0.01, 0.05) 

0.00 (-0.04, 0.03) 
Reference 

0.02 (-0.02, 0.05) 

0.00 (-0.04, 0.03) 
Reference 

0.02 (-0.01, 0.05) 

0.00 (-0.03, 0.04) 
Reference 

0.02 (-0.02, 0.06) 

0.01 (-0.04, 0.06) 
Reference 

Vitamin Ca 

Excellent or Very good 

Good 

Fair or poor  

0.02 (-0.24, 0.29) 

0.17 (-0.12, 0.47) 

Reference 

0.02 (-0.27, 0.31) 

0.17 (-0.14, 0.48) 

Reference 

-0.02 (-0.32, 0.28) 

0.11 (-0.21, 0.44) 

Reference 

-0.04 (-0.35, 0.27) 

0.10 (-0.23, 0.43) 

Reference 

-0.01 (-0.31, 0.29) 

0.22 (-0.14, 0.58) 

Reference 

-0.11 (-0.42, 0.20) 

0.11 (-0.28, 0.49) 

Reference 

Carotenea 

Excellent or Very good 

Good 

Fair or poor 

-0.08 (-0.48, 0.32) 

0.07 (-0.38, 0.52) 

Reference 

-0.07 (-0.52, 0.38) 

0.08 (-0.40, 0.55) 

Reference 

-0.13 (-0.59, 0.33) 

-0.01 (-0.50, 0.49) 

Reference 

-0.11 (-0.58, 0.37) 

0.01 (-0.49, 0.52) 

Reference 

-0.13 (-0.61, 0.35) 

-0.09 (-0.66, 0.48) 

Reference 

-0.22 (-0.77, 0.32) 

-0.23 (-0.91, 0.45) 

Reference 

Fibre 

Excellent or Very good 

Good 

Fair or poor 

0.06 (-2.47, 2.58) 

1.74 (-1.08, 4.55) 

Reference 

0.00 (-2.80, 2.81) 

1.70 (-1.25, 4.65) 

Reference 

0.02 (-2.92, 2.97) 

1.73 (-1.43, 4.89) 

Reference 

-0.17 (-3.19, 2.86) 

1.57 (-1.65, 4.80) 

Reference 

0.01 (-3.05, 3.08) 

2.32 (-1.30, 5.95) 

Reference 

-1.12 (-4.39, 2.15) 

0.77 (-3.29, 4.83) 

Reference 
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Table 3.16 Regression results for influence of self-reported oral health status on mean daily nutrient intake at 6 months  

a Nutrient amounts were log10 transformed. Mean daily nutrient intakes in g/mg/ug per 1000kcal. Reference- reference level. Presented as Beta value (95% CI). *p value <0.05 obtained from univariate 

generalised linear model. Model 1 unadjusted; model 2 adjusted for age; model 3 adjusted for age and gender; model 4 adjusted for age, gender and mean years spent in full-time education; model 5 
adjusted for age, gender, mean years spent in full-time education and BMI; model 6 adjusted for age, gender, mean years spent in full-time education, BMI, waist circumference and waist hip ratio. EPA-

eicosapentaenoic acid, DPA- docosahexaenoic acid, MUFA- monounsaturated fatty acid. 

 

 

Nutrient Self-reported oral health  Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Fat 

Excellent or Very good 
Good 

Fair or poor  

3.50 (-3.35, 10.35) 
-3.01 (-10.81, 4.80) 

Reference 

6.26 (-0.68, 13.19) 
-2.52 (-9.72, 4.68) 

Reference 

7.20 (-0.20, 14.60) 
-0.96 (-9.20, 7.28) 

Reference 

6.59 (-1.85, 15.03) 
-1.07 (-9.67, 7.52) 

Reference 

6.79 (-1.38, 14.95) 
-3.39 (-12.38, 5.61) 

Reference 

8.00 (-3.68, 19.68) 
-1.61 (-16.13, 12.91) 

Reference 

Carbohydrate 

Excellent or Very good 
Good 

Fair or poor  

-2.07 (-17.93, 13.79) 
-0.00 (-18.09, 18.08) 

Reference 

-3.59 (-21.61, 14.43) 
-0.27 (-18.99, 18.44) 

Reference 

-8.46 (-26.05, 9.13) 
-8.35 (-27.94, 11.24) 

Reference 

-5.33 (-24.97, 14.32) 
-7.74 (-27.75, 12.27) 

Reference 

-4.99 (-24.76, 14.77) 
-11.73 (-33.50, 10.05) 

Reference 

-10.39 (-35.11, 14.32) 
-23.04 (-53.76, 7.68) 

Reference 

Protein 

Excellent or Very good 

Good 
Fair or poor  

-3.18 (-15.76, 9.41) 

-4.18 (-20.10, 11.75) 
Reference 

-1.51 (-15.83, 12.81) 

-3.45 (–20.05, 13.15) 
Reference 

-1.86 (-17.58, 13.85) 

-4.02 (-23.04, 15.00) 
Reference 

-2.93 (-20.94, 15.09) 

-4.23 (-24.18, 15.71) 
Reference 

-3.53 (-18.65, 11.59) 

3.14 (3.14, 21.06) 
Reference 

-12.47 (-31.60, 6.67) 

-9.77 (-34.28, 14.74) 
Reference 

MUFA 

Excellent or Very good 

Good 
Fair or poor  

2.24 (-0.65, 5.13) 

-0.25 (-3.55, 3.05) 
Reference 

3.12* (0.02, 6.21) 

-0.09 (-3.31, 3.12) 
Reference 

3.38* (0.03, 6.74) 

0.35 (-3.39, 4.09) 
Reference 

3.79* (-0.01, 7.60) 

0.43 (-3.44, 4.31) 
Reference 

3.89*(0.24, 7.54) 

-0.66 (-4.68, 3.37) 
Reference 

5.03* (0.16, 9.90) 

1.39 (-4.67, 7.44) 
Reference 

EPAa 

Excellent or Very good 

Good 

Fair or poor  

-0.01 (-0.05, 0.03) 

0.00 (-0.05, 0.05) 

Reference 

0.01 (-0.02, 0.05) 

0.00 (-0.04, 0.04) 

Reference 

0.01 (-0.03, 0.05) 

-0.01 (-0.05, 0.04) 

Reference 

0.02 (-0.03, 0.06) 

0.00 (-0.05, 0.04) 

Reference 

0.01 (-0.03, 0.06) 

-0.01 (-0.07, 0.04) 

Reference 

0.01 (-0.06, 0.08) 

-0.02 (-0.09, 0.06) 

Reference 

DHAa 

Excellent or Very good 

Good 

Fair or poor  

-0.01 (-0.05, 0.03) 

0.01 (-0.04, 0.05) 

Reference 

0.01 (-0.02, 0.04) 

0.01 (-0.03, 0.04) 

Reference 

0.00 (-0.03, 0.04) 

-0.01 (-0.05, 0.03) 

Reference 

0.01 (-0.03, 0.05) 

0.00 (-0.04, 0.04) 

Reference 

0.01 (-0.03, 0.05) 

-0.01 (-0.06, 0.04) 

Reference 

0.01 (-0.56, 0.07) 

-0.01 (-0.08, 0.05) 

Reference 

Vitamin C 

Excellent or Very good 
Good 

Fair or poor  

10.44 (-13.58, 34.46) 
8.34 (-17.46, 34.14) 

Reference 

-2.42 (-24.17, 19.33) 
6.14 (-14.91, 27.19) 

Reference 

-7.38 (-24.95, 10.20) 
-4.95 (-23.43, 13.52) 

Reference 

-10.06 (-29.72, 9.59) 
-5.36 (-24.39, 13.67) 

Reference 

-11.78 (-34.55, 10.99) 
-8.05 (-32.99, 16.89) 

Reference 

-17.87* (-34.81, -0.93) 
-25.20* (-45.92, -4.48) 

Reference 

Carotenea 

Excellent or Very good 
Good 

Fair or poor 

-0.42 (-0.90, 0.06) 
-0.08 (-0.63, 0.47) 

Reference 

-0.34 (-0.88, 0.20) 
-0.07 (-0.63, 0.49) 

Reference 

-0.43 (-1.00, 0.14) 
-1.00 (-0.85, 0.42) 

Reference 

-0.32 (-0.96, 0.31) 
-0.19 (-0.84, 0.46) 

Reference 

-0.34 (-0.96, 0.29) 
-0.03 (-0.71, 0.66) 

Reference 

-0.64 (-1.44, 0.16) 
-0.38 (-1.38, 0.61) 

Reference 

Fibre 

Excellent or Very good 
Good 

Fair or poor 

-3.72* (-6.92, -0.52) 
-3.22 (-7.27, 0.83) 

Reference 

-3.84*(-7.53, -0.16) 
-3.27 (-7.54, 1.00) 

Reference 

-4.42*(-8.31, -0.53) 
-4.21 (-8.92, 0.49) 

Reference 

-4.63* (-9.09, -0.17) 
-4.26 (-9.20, 0.69) 

Reference 

-4.59 (-9.23, 0.05) 
-4.76 (-10.26, 0.74) 

Reference 

-7.72* (-13.35, -2.09) 
-9.04* (-16.25, -1.83) 

Reference 
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Table 3.17 Regression results for influence of self-reported oral health status on change in mean daily nutrient intake between baseline and 6 

months  

a Nutrient amounts were log10 transformed. Mean daily nutrient intakes in g/mg/ug per 1000kcal. Reference- reference level. Results presented as Beta value (95% CI). *p value <0.05 obtained from 

univariate generalised linear model. Model 1 unadjusted; model 2 adjusted for age; model 3 adjusted for age and gender; model 4 adjusted for age, gender and mean years spent in full-time education; model 5 
adjusted for age, gender, mean years spent in full-time education and BMI; model 6 adjusted for age, gender, mean years spent in full-time education, BMI, waist circumference and waist hip ratio. **Self-

reported oral health status was recategorized into two groups rather than three due to issues with small numbers. EPA-eicosapentaenoic acid, DPA- docosahexaenoic acid, MUFA- monounsaturated fatty acid. 
 

 

 

Nutrient 
Self-reported oral 

health  
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Fat Excellent or Very good 

Good 

Fair or poor  

5.42 (-3.62, 14.45) 

0.59 (-9.71, 10.89) 

Reference 

7.60 (-2.32, 17.52) 

0.98 (-9.33, 11.28) 

Reference 

8.44 (-2.32, 19.20) 

2.38 (-9.61, 14.36) 

Reference 

9.04 (-3.27, 21.34) 

2.49 (-10.04, 15.03) 

Reference 

8.67 (-2.54, 19.89) 

6.81 (-5.55, 19.16) 

Reference 

3.23 (-11.38, 17.83) 

-1.72 (-19.88, 16.43) 

Reference 

Carbohydrate Excellent or Very good 

Good 
Fair or poor  

-4.46 (-23.53, 14.61) 

-5.16 (-26.90, 16.58) 
Reference 

-9.28 (-30.12, 11.57 

-6.01 (-27.66, 15.64) 
Reference 

-12.73 (-34.67, 9.21) 

-11.74 (-36.18, 12.70) 
Reference 

-13.71 (-38.83, 11.41) 

-11.93 (-37.51, 13.66) 
Reference 

-12.87 (-34.65, 8.90) 

-21.93 (-45.92, 2.06) 
Reference 

-6.65 (-36.92, 23.61) 

-14.57 (-52.19, 23.05) 
Reference 

Protein Excellent or Very good 

Good 
Fair or poor  

-8.41* (-15.02, -1.81) 

-3.31 (-11.67, 5.04) 
Reference 

-6.91 (-14.24, 0.42) 

-2.66 (-11.15, 5.84) 
Reference 

-6.90 (-14.95, 1.16) 

-2.64 (-12.39, 7.11) 
Reference 

-8.22 (-17.26, 0.82) 

-2.90 (-12.91, 7.11) 
Reference 

-8.36 (-17.55, 0.84) 

-1.25 (-12.14, 9.64) 
Reference 

-13.72* (-25.11, -2.34) 

-7.95 (-22.53, 6.63) 
Reference 

MUFA Excellent or Very good 

Good 

Fair or poor  

3.52* (0.06, 6.98) 

1.63 (-2.31, 5.58) 

Reference 

4.16* (0.29, 8.02) 

1.75 (-2.27, 5.76) 

Reference 

4.26* (0.03, 8.49) 

1.92 (-2.80, 6.63) 

Reference 

5.70* (1.32, 10.07) 

2.19 (-2.26, 6.65) 

Reference 

5.58* (1.47, 9.70) 

3.57 (-0.96, 8.10) 

Reference 

3.31 (-2.04, 8.65) 

0.388 (-6.3, 7.03) 

Reference 

EPA Excellent or Very good 

Good 

Fair or poor  

-0.04 (-0.19, 0.11) 

0.04 (-0.13, 0.21) 

Reference 

0.02 (-0.12, 0.16) 

0.04 (-0.11, 0.19) 

Reference 

-0.01 (-0.16, 0.15) 

0.00 (-0.18, 0.18 

Reference 

0.03 (-0.15, 0.21) 

0.02 (-0.17, 0.20) 

Reference 

0.03 (-0.16, 0.22) 

0.01 (-0.21, 0.23) 

Reference 

0.01 (-0.23, 0.25) 

-0.03 (-0.29, 0.24) 

Reference 

DHA Excellent or Very good 

Good 

Fair or poor  

-0.06 (-0.21, 0.10) 

0.07 (-0.12, 0.25) 

Reference 

-0.01 (-0.16, 0.15) 

0.06 (-0.11, 0.24) 

Reference 

-0.03 (-0.20, 0.14) 

0.03 (-0.18, 0.23) 

Reference 

0.01 (-0.19, 0.21) 

0.04 (-0.17, 0.25) 

Reference 

0.00 (-0.21, 0.21) 

0.01 (-0.23, 0.25) 

Reference 

0.01 (-0.26, 0.27) 

-0.01 (-0.029, 0.28) 

Reference 

Vitamin C Excellent or Very good 
Good 

Fair or poor  

16.15 (-32.66, 64.96) 
-15.32 (-67.75, 37.11) 

Reference 

1.31 (-51.75, 54.36) 
-17.86 (-69.21, 33.49) 

Reference 

2.00 (-54.83, 58.84) 
-16.29 (-76.05, 43.47) 

Reference 

-3.11 (-67.77, 61.56)   
-17.06 (-79.68, 45.56)  

Reference  

-20.72 (-90.13, 48.69) 
44.62 (-120.65, 31.41) 

Reference 

-23.18 (-113.37,67.02) 
-44.62 (-154.95, 65.71) 

Reference 

Carotene** Excellent, Very Good or 
Good 

Fair or Poor 

-1446.83* 
(-2746.92, -146.73) 

Reference 

-1494.24* 
(-2913.47, -75.02) 

Reference 

-1892.82* 
(-3469.80, -315.84) 

Reference 

-1987.81* 
(-3705.70, -269.91) 

Reference 

-1828.73* 
(-3595.16, -62.31) 

Reference 

-3362.70* 
(-5814.87, 910.53) 

Reference 

Fibre Excellent or Very good 

Good 

Fair or poor 

-4.43* (-7.88, -0.99) 

-0.98 (-5.34,3.38) 

Reference 

-5.18* (-9.01, -1.33) 

-1.31 (-5.76, 3.14) 

Reference 

-5.73* (-1.65, -9.81) 

-2.21 (-7.14, 2.73) 

Reference 

-6.23* (-10.86, -1.60)  

-2.31 (-7.43, 2.82) 

Reference  

-6.10* (-10.25, -1.94) 

-3.95 (-8.88, 0.97) 

Reference 

-7.61* (-12.70, -2.52) 

-5.36 (-11.88, 1.15) 

Reference 
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3.5 Discussion  

 

3.5.1 Overview of findings  

 

The overall aim of the analysis in this chapter was to investigate, amongst adults at a 

high risk of CVD in NI, how self-reported oral health status can influence dietary 

change and consumption of MD-associated nutrients as part of a 12 month dietary 

intervention study (the TEAM-MED Extend study) to promote adherence to MD. The 

results obtained from this analysis found that, although self-reported oral health status 

did influence daily mean intakes of certain nutrients, including MUFA, it did not have 

an impact on response to a dietary intervention study to adopt a MD.  

 

3.5.2 Mediterranean Diet Score  

 

Secondary analysis of data from the TEAM-MED Extend study has demonstrated that, 

for each of the three self-reported oral health status groups, MDS increased 

significantly from baseline to 6 months and from baseline to 12 months, and there 

were no significant differences in MDS or change in MDS between the groups. This 

would suggest that response to a dietary intervention to adopt a MD was not affected 

by baseline oral health status.  

Very little research has been done in the area of oral health status and MD; one 

observational  study conducted in Greece observed that although chewing difficulties 

were associated with an increased consumption of softer foods, they did not influence 

consumption of harder textured MD foods such as meat, fruit and nuts (490). However, 

the analysis conducted in this chapter is the first to investigate whether self-reported 

oral health status can influence response to a dietary intervention study to adopt a MD.  

Given that there is a wealth of evidence to suggest that issues with oral health, such as 

wearing dentures or having fewer remaining natural teeth, can negatively impact food 

choices and nutritional status (486–488,492,493), it is surprising to note that there 

were no significant differences in MDS observed between the groups at any time point 

or change in MDS between the time points; indicating that self-reported oral health 

status may not influence MDS, change in MDS or change in dietary behaviour. This 



140 
 

was further reinforced by non-significant results from binary logistic regression 

models, adjusted for confounders including age, gender, years in full-time in 

education, BMI, waist circumference and waist hip ratio, conducted to investigate 

whether self-reported oral health status influenced the odds of achieving a point on the 

MDS 14-item questionnaire for consumption of certain MDS components.  

As part of the self-report oral health questionnaire participants were asked if there 

were any foods they avoided due to issues with oral health, and responses included 

nuts, fruit, meat, and vegetables, beans or legumes, all of which are key components 

of MD, however similar results were not observed in the regression models. It was 

hypothesised that the individuals in the fair or poor oral health group would have 

exhibited a smaller change in MDS, or potentially no change at all, as an MD consists 

of several harder textured, difficult to chew foods, such as crunchy FV, meat and nuts. 

Several studies have noted that adults with poor oral health tend to avoid these harder 

to eat foods, tending to favour softer, more processed foods (162,494–496), however 

results from this analysis do not follow that same pattern, as the odds of gaining a 

point for consumption of FV, legumes, nuts, poultry, and red and processed meat 

between baseline and 6 months, or achieving a point for consumption at baseline, did 

not differ between the oral health groups. However, when taking all study participants 

into consideration, it is clear that some parts of the MD advice given were not adhered 

to as well as others, most notably when encouraging an increase in nut and vegetable 

consumption. Therefore, it is perhaps not surprising that differences were not seen 

between the groups for consumption of these MD foods.  

In the 14-item MDS questionnaire used in this it was not asked how the various food 

items were cooked or consumed (i.e. meat cooked for longer periods of time until 

softened, harder vegetables blended into soups or sauces), only how often they were 

consumed per day or per week. Therefore, it is possible that participants with poor oral 

health were adapting or changing their cooking and preparation methods so that they 

could still consume harder textured foods that they otherwise might not be able to eat, 

and therefore being able to consume MD foods and gaining a point in the MDS 

questionnaire. This would be consistent with results obtained by Kossioni et al (490), 

who observed that individuals with oral health issues were utilising a variety of 

cooking and food preparation methods to continue eating harder textured MD foods 

such as meat and vegetables. 
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3.5.3 Daily nutrient intakes  

 

MD is a rich source of Vitamin C, carotene, fibre and MUFA through increased 

consumption of fruit, vegetables, wholegrains and nuts, however no such increases in 

intakes were observed in the whole cohort, despite increases in MDS, potentially 

highlighting discrepancies between dietary intakes analysed via food diaries and the 

MDS questionnaire.  

The relationship between oral health and nutritional status is complex; systematic 

reviews conducted in the area have reported mixed findings and highlight the need for 

further research in the area to fully understand the influence of oral health status on 

diet and nutrient intakes (487,488,497).  

Although self-reported oral health status did not appear to influence change in 

consumption of foods part of the MD in this analysis, it seemed to have more of an 

impact on mean daily intakes of nutrients associated with MD. MD encourages 

consumption of a variety of sources of healthy protein, including fish, poultry, pulses 

and nuts, therefore it is positive to note a significant increase in mean daily intakes of 

protein from baseline to 6 months amongst the whole cohort.  

Mean daily intakes of Vitamin C at 6 months significantly differed amongst the oral 

health groups, with individuals in the excellent or very good and the good oral health 

groups consuming significantly less when compared to individuals in the fair or poor 

oral health status groups (p<0.05). However, no such differences amongst the oral 

health groups in having or gaining a point for fruit consumption as part of the MDS 

questionnaire were observed.  

Although there are several nutrients that adults with oral health issues appear to 

consume less of, such as fibre, protein and certain micronutrients, there are some 

nutrients that they tend to have an increased consumption of, such as fats and 

carbohydrates, due to a tendency to consume softer, more processed foods 

(162,494,495,498,499). Therefore, although non-significant in the fully adjusted 

model, it was surprising to note that it was members of the good oral health group that 

were consuming significantly more carbohydrate per day at baseline, not members of 

the fair or poor oral health group, as would be expected. However, as this was a self-

report questionnaire there is the potential for individuals to under or overestimate their 
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chewing ability and perceived oral health status, therefore individuals in the good oral 

health group may also be favouring softer, easier to chew foods, high in carbohydrates.   

There is also evidence to suggest that edentulous individuals consume more fat and 

saturated fat when compared to adults who were dentate or had 25 teeth or more 

(162,498,499). Therefore, baseline regression model results proved unsurprising; with 

those participants with better oral health, in the good oral health group, were 

consuming less fat per day compared to individuals with fair or poor oral health. 

However, all participants were consuming less total fat than current dietary guidelines 

suggest, and further analysis would be required to determine whether this is coming 

from saturated or trans fatty acid intake.  

MUFA however are a key nutrient in the MD and have an important role in cell 

development and maintenance, as well as lowering levels of LDL cholesterol (500) 

with rich sources including olive oil and nuts, which are key MD components. 

Although olive oil was not mentioned in the oral health questionnaire as a food 

avoided by those with oral health issues, nuts are one of the many harder textured 

foods avoided by this group of adults (486), reflected in the oral health questionnaire 

and the 6 month regression model results which showed adults reporting their oral 

health status to be fair or poor consuming less MUFA when compared to individuals 

who would class their oral health as excellent or very good. Although mean daily 

intakes of MUFA at 6 months differed according to self-reported oral health status, 

this appears to conflict with results from the MDS component regression models; the 

odds of achieving a point for nut consumption did not differ according to oral health 

status.    

Data from year 9 of the NDNS observed that older adults in general were not meeting 

recommendations for daily fibre intake (501), and intakes amongst older men in 

particular had actually decreased when compared to years 1 and 2 (19). Similar results 

were observed in results from the National Adult Nutrition Survey, with only 19% of 

the older Irish population meeting fibre recommendations (502). Lower fibre intakes 

can also be seen in adults with oral health issues such as fewer remaining natural teeth; 

a study conducted in Mexico found that individuals with 21 teeth or more consumed 

more fibre when compared to those with fewer than 21 teeth (503), and similar results 

have been seen in a UK based longitudinal study (483). Therefore, it could be 
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hypothesised that the excellent or very good oral health groups would be consuming 

more fibre when compared to the fair or poor oral health group, as they would be able 

to easily consume fibrous foods which are harder textured and more difficult to chew.   

However, this was not the case, as observed in the regression model results for intakes 

at 6 months and change in intake between baseline and 6 months; which noted the 

excellent or very good group to be consuming less fibre than the fair or poor group, 

and having a smaller change in intake. However it is important to note that mean daily 

fibre intake, for each of the oral health groups at both time points, was well below the 

recommended 30g/day for adults (504). Similarly, to nut consumption there appears 

to be a variation between the oral health groups for fibre intake, but not for the odds 

of gaining a point for wholegrain consumption between baseline and 6 months.  

Similarly to nuts and fibrous foods, meat is one of the foods commonly avoided by 

adults with oral health issues, as observed in responses to questions within the oral 

health questionnaire used in this RCT, with its tougher, stringy texture proving 

difficult to chew (494). This can then translate into consumption of diets lower in 

protein, with evidence from Sheiham and Steele (2001) (483) and Greksa et al (1995) 

(48) noting that edentulous individuals were consuming less protein when compared 

to dentate adults. Therefore, from this analysis it would have been expected to observe 

those individuals with fair or poor oral health status consuming less protein when 

compared to those individuals with better oral health and having a little to no change 

in protein intake over the course of the intervention, potentially due to a reduced meat 

consumption. Interestingly, however, although individuals who reported their oral 

health to be fair or poor were consuming a non-significantly lower amount of protein 

at baseline compared to those participants with better perceived oral health, the fair or 

poor oral health group had a nearly significantly larger increase in protein intake 

between baseline and 6 months. Similar results were also seen in the regression model 

results, with change in protein intakes between baseline and 6 months differing 

amongst the oral health groups, with the excellent or very good oral health group 

having a smaller change in intake compared to the fair or poor oral health group, 

however this lost significance in the fully adjusted models. As previously mentioned, 

food preparation and cooking methods were not evaluated, therefore it is possible that 

the participants with oral health issues were able to consume more protein as part of 

MD, potentially through cooking meat until soft (490).  
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Although FV are a key component of the MD with numerous health benefits (505–

507), they are another crunchy, harder-textured, difficult to chew food group 

commonly avoided by adults with poor oral health (160,494,508,509), and this was 

observed in answers given in the oral health questionnaire used in this study. FV are 

rich sources of vitamins and minerals, including carotene and Vitamin C, and there is 

evidence to reinforce the fact that adults with poor oral health are consuming less FV 

as they have been shown to consume diets which are lower in these micronutrients, 

when compared to dentate adults (162,483,509–511). Therefore, it is surprising to note 

that although carotene intake differed according to self-reported oral health status, the 

individuals with excellent or very good oral health status were observed to have a 

smaller change in intake when compared to those in the fair or poor oral health group. 

As previously discussed with meat and protein intakes, information on cooking and 

preparation methods were not captured as part of this analysis, therefore it is possible 

that those individuals with poorer oral health were still able to consume  crunchy, 

harder textured FV such as carrots and peppers, through prolonged cooking. However, 

as with Vitamin C intake there was no corresponding differences in gaining or having 

a point for fruit consumption as part of the MDS questionnaire; further highlighting 

the discrepancies between these two forms of dietary intake assessment.  

 

3.5.4 Strengths and Limitations  

 

3.5.4.1 Sample size and cohort 

 

The TEAM-MED Extend study was conducted as a RCT; rare in research relating to 

oral health and dietary change. This is a robust design and the gold standard for clinical 

research, with the benefit of a control group to reduce the likelihood that effects 

observed may be due to factors that aren’t the experimental factor.  

However, the trial, and therefore the analysis described in this chapter, which did not 

utilise the RCT design, did have several limitations. The primary aim of this RCT was 

to test the feasibility of a peer support MD intervention carried out in established 

community groups in NI. The study was not designed with this type of analysis in 

mind and may therefore be underpowered for this secondary analysis. With only 31 

participants recruited at baseline, 23 at 6 months and 22 at 12 months, the sample size 
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was small with a high drop-out rate, suggesting the cohort was not representative of 

the population at a high risk of CVD in NI. The majority of participants included in 

the study were female (n=22, 71 %), therefore the results obtained may not be 

generalizable to the general population. The participants involved in the study had a 

low mean number of years in fulltime education, suggesting a lower socioeconomic 

status, therefore it is possible that these results may differ if the study were to be 

conducted amongst a higher socioeconomic population. However, the study was 

conducted as a pilot study, used to inform a larger scale trial, and these sample size 

and representation issues should be taken into consideration for future research.  

Furthermore, for the linear and logistic regressions conducted in this analysis, each 

contained six models, adjusting for age, gender, years spent in full time education, 

BMI, waist circumference and waist hip ratio. These confounders were chosen as age, 

gender, education (used as a proxy for socio-economic status) and BMI have been 

shown to be associated with dietary intake (13,324,451,461,462) and waist 

circumference and waist hip ratio were shown to differ between the three self-reported 

oral health status groups. Given the small numbers of participants involved in the 

analysis (n=31 at baseline), this may not have been the optimal statistical approach for 

this analysis, and other statistical tests, such as partial correlations, could be considered 

in future analysis.  

 

3.5.4.2 Data collection  

 

3.5.4.2.1 Dietary assessment 

 

Food diaries were utilised at each time point to capture habitual dietary intake. 

However, being a self-report measure they are more likely to incur different types of 

bias, including recall bias if the food diary was not filled out throughout the day, and 

social desirability bias if the participants wanted to be perceived as consuming a 

healthier diet.  

Habitual MDS was assessed using a validated questionnaire modified for a NI 

population, and compliance was measured through the use of MD self-monitoring 

records however once again these are self-report measures prone to bias. 
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Pronounced differences were observed between the results obtained from the 4-day 

food diaries and the MDS questionnaire; self-reported oral health status was observed 

to be a predictor of mean daily, or change in mean daily intakes of MUFA and fibre, 

however was not observed to be a predictor of obtaining a point for nut or wholegrain 

consumption as part of the MDS. Participants were aware that the aim of the study 

was to promote dietary change to MD and what tools were used to assess this leaving 

them subject to bias. It also highlights the potential insensitivity of the 14-item MDS 

questionnaire and simply analysing the points gained or not gained through self-

reported consumption of MDS components; given that food diary analysis was 

showing differences in consumption of MDS associated nutrients according to self-

reported oral health status however these differences were not reflected in 

consumption of MD foods in the MDS questionnaire analysis.  

 

3.5.4.2.2 Oral health assessment 

 

The majority of the participants involved in the study perceived their oral health status 

at baseline to be excellent, very good or good (n=20, 65%), therefore the range of oral 

health issues that may influence dietary choice and nutritional intake may not have 

been captured in this analysis. The measure used to evaluate oral health status was a 

short self-report questionnaire designed to minimise participant burden and consisting 

of questions from validated studies such ELSA, TILDA and CLAS. However, the 

questionnaire itself was not a validated measure of evaluating oral health status in this 

population; therefore, if a larger scale trial were to be conducted a validated oral health 

measure should be considered, as should a dental professional to conduct a clinical 

assessment.   

 

3.5.5 Future work  

 

As previously mentioned, there were discrepancies between the results obtained from 

the 4-day food diaries and the MDS questionnaire. Therefore, there is a need for a 

sensitive measure to analyse MD adherence in RCTs; blood samples could be analysed 

to look for increases in biomarkers associated MD adherence such as those for FV 

intake, including plasma Vitamin C and serum carotenoids such as lutein, zeaxanthin 

and beta-carotene (512). Furthermore, MDS could potentially be coded from the food 
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diaries themselves as participants were aware of the fact that the MDS questionnaire 

was being used to assess MD adherence and may therefore be subject to bias. This 

RCT was not primarily designed to investigate the research question used for this 

analysis; the relationship between oral health status, MDS and consumption of 

nutrients related to MD.  Therefore there is a real need for the design and 

implementation of an adequately powered study with this purpose as its primary 

outcome; incorporating a broader range of oral health issues, captured through 

recruiting participants from both dental surgeries/schools and the general public, 

evaluated by clinical methods, and with dietary intake data captured in a more 

sensitive manner.  

 

3.5.6 Conclusions  

 

From the results of this analysis it can be observed that self-reported oral health status 

did not influence response to a dietary intervention study to adopt a MD, however, it 

did have an impact on daily mean intakes of certain nutrients, including MUFA. There 

was also questionnaire evidence to suggest that participants with oral health issues 

were avoiding certain harder foods such as vegetables, nuts and meat at baseline, 

however differences in consumption of MD foods, analysed using the 14-item MDS 

questionnaire, were not observed between the oral health status groups. These results 

have highlighted discrepancies between results obtained from analysis of the 14-item 

MDS questionnaire and 4-day food diaries. Therefore, there is a need for the 

development of a more sensitive method of assessing MD adherence; this should be 

put into practice before conducting further, larger scale research into poor oral health 

as a barrier to dietary change and a negative influence on nutritional status.  
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Chapter 4.  

Masticatory performance in partially dentate 

older patients: the impact of prosthodontic 

rehabilitation and its use as a predictor of 

nutritional status. 
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4.1 Introduction 

 

According to the Global Burden of Disease 2010 study, oral health issues, including 

periodontal disease and tooth loss, accounted for 15 million DALYs, and are now 

recognized as a worldwide epidemic and a major public health problem (133). As the 

population continues to age, clinicians within gerodontology have observed significant 

changes in the oral health status of older adults; in particular more adults retaining 

their natural teeth for longer due to advancements in preventative strategies, improved 

access to dental care and changing attitudes towards oral health and dental care (513). 

Consequently, in higher-income countries, levels of edentulism (complete tooth loss) 

are decreasing, with levels are expected to fall to 2.6% by 2050, and it is projected that 

edentulism will be seen mostly in an older, more economically deprived population 

(514).  

 

4.1.1 Masticatory performance: definition and methods of evaluation  

 

With numerous methods existing to improve oral functioning, chewing ability and 

chewing efficiency, as previously discussed in Chapter 1, there is a need for effective, 

robust methods of measuring masticatory performance that are simple to use in a 

number of settings.  

 

4.1.1.1 Defining masticatory performance  

 

In the current literature there are a number of commonly used terms to describe 

masticatory function, however these are not consistently used (515). Masticatory 

performance is defined, according to the glossary of prosthodontic terms, as the 

“measurement of the comminution of food achievable under standardised testing 

conditions” (516). Masticatory efficiency is defined as the “effort required to achieve 

a specific amount of comminution”, however both terms appear to objectively assess 

or clinically measure mastication. Masticatory performance has been widely used as 

indicator of oral functioning, to measure the impact of dental treatment and reduced 

masticatory performance has been associated with an increased risk of malnutrition 

(154,391,517–519). Mastication can also be assessed subjectively, typically using a 
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questionnaire, where an individual is asked for their own perception of their 

masticatory function, and this is commonly referred to as chewing or masticatory 

ability (517,520,521).  

 

4.1.1.2 Subjective methods of evaluating masticatory performance 

 

Subjective methods of assessing masticatory performance are most commonly utilised 

in the form of questionnaires, which tend to measure number of teeth, and masticatory 

function in relation to certain foods (522,523). These include the Quality of 

Masticatory Function (QMF) questionnaire; a previously validated (522) 28-item 

questionnaire designed to investigate the frequency and difficulty of chewing different 

types of foods, and consists of five domains; Mastication, Habits, Meat, Fruit and 

Vegetables, and questions have five responses on a Likert scale. These methods have 

a low participant burden; however, they rely on self-report and can be difficult to 

compare across participants due to a lack of exact criteria.  

 

4.1.1.3 Objective methods of evaluating masticatory performance  

 

The current gold standard test to evaluate masticatory performance is an objective 

method known as the sieving test, based on comminution. However, over the years a 

number of tests have been developed to objectively measure masticatory performance, 

and these will be discussed in detail below.  

 

4.1.1.3.1 Comminution tests  

 

Comminution, the reduction of particle size, or fragmentation-based tests, first 

introduced by Gaudenz in 1901 and furthered by Dahlberg and Manly (518,524,525), 

investigate particle breakdown or distribution of test foods, including natural foods 

such as peanuts, almonds and carrots, or silicone-based synthetic test foods such as 

optocal and the gold standard optosil (518,526).  
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4.1.1.3.1.1 Sieving and optical scanning methods  

 

These tests rely on comminution capacity, depending on the individual’s available 

maximum bite force, and assess masticatory performance as a “measurement of 

particle-size distribution by the use of a series of standard sieves” (515). Individuals 

are instructed to chew certain natural or test foods for a specific number of chewing 

cycles or until the point of swallowing (516), then it is spat out, cleaned, dried for up 

to a week and then analysed (527).   

Typically, comminution or fragmentation based tests are analysed using a sieving 

method, where fragments are passed through a number of sieves with differing mesh 

sizes to evaluate the number, size, weight or volume of the particles (526,528,529). 

Gaudenz et al introduced the gravimetric method in 1901, which investigated the 

weight of the remaining sieved particles, and this method developed into the 

volumetric method introduced by Manly in 1950, which focused primarily on particle 

volume (518,525). The particles can then be analysed according to the Rosin-Rammler 

formula and particle size (X50) can be calculated, with a smaller X 50 value indicating 

a better masticatory performance (515).  

In recent years video-based or digital and optical scanning methods have been 

introduced to evaluate particle size, area, weight or distribution (known as D50) 

(515,530–532), and, although these simplified the analysis procedure, they have the 

potential to lack accuracy compared to the sieving method due to issues estimating a 

third dimension from a two-dimensional particle image (515).  

 

4.1.1.3.1.2 Gummy jelly 

 

Gummy jelly methods evaluate masticatory performance through the measurement of 

the amount of released beta-carotene or glucose from fragmented test particles of the 

gummy jelly (533,534). Participants are asked to normally chew a cylindrically shaped 

glucose or beta-carotene containing gummy jelly for twenty seconds before spitting 

into a cup with distilled water and a filter (535). These concentrations in the filtrate 

can be measured using manual methods, visual scoring methods (requiring no special 

equipment or training), or equipment such as a spectrophotometer and relate to the 

increase in surface area taken up by the gummy jelly (534–536). A positive correlation 
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has been observed between masticatory performance, as measured by the sieving test, 

and the amount of glucose extracted and present in the filtrate (533,537). However, 

although the gummy jelly is hygienic, relatively easy to use, and the shape and size of 

which can be easily standardised, it is a soft test food, and it is not yet understood if 

the ability of an individual to chew it correlates to the ability to chew a wide variety 

of normally consumed foods, that may be harder textured (533).  

 

4.1.1.3.1.3 Fuchsin beads 

 

Similarly to the gummy jelly, another synthetic test food, this one based on fuchsin 

beads (538–540), was developed as an alternative to the sieving method.  Particles or 

beads of fuchsin, a deep red synthetic dye, are packed into polyvinyl acetate capsules 

which are habitually chewed for twenty seconds and then spat out. The capsule is then 

cut open, the contents dissolved in water and then filtered, to remove any beads not 

broken down (538,539). As the capsule, and subsequently the beads within them, are 

chewed the beads break down and the dye spreads throughout the capsule, according 

to the strength of the chewing force applied (539). Masticatory performance relates to 

the concentration of fuchsin released from the beads, measured spectrophotometrically 

(541). The packing of the beads into capsules has a number of benefits; the beads and 

dye remain fully contained in the mouth and are therefore not dissolved by saliva 

whilst not being sticky in texture (539). The size of the capsule, along with its shape 

and softness can also be altered to accommodate a wide range of dentitions (539).  

Although the gummy jelly and fuchsin bead methods rely on comminution for the dye 

or glucose to be released and subsequently measured (534), they can also be classified 

as colorimetric methods, which “assess test food fragmentation through release or 

binding of dye from a solution”, the concentration of which is assessed with a 

spectrophotometer, which is proportional to masticatory performance (542).  

 

4.1.1.3.1.4 Limitations of comminution tests  

 

Although comminution tests are precise they are complex, extremely time-consuming, 

require a laboratory setting with specialised equipment and may pose a choking risk 

for elderly patients or those with dysphagia, as particles may spread across the oral 
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cavity or become stuck between the teeth and the floor of the mouth (532). A study 

conducted by Katsuhiko et al also found that denture wearing individuals could not 

chew the optosil artificial test food at all (526).  

 

4.1.1.3.2 Bolus-kneading and colour mixing ability tests  

 

As there is the need for cost-effective, simple, patient-friendly objective methods of 

evaluating masticatory performance that can be used in a variety of settings and by all 

patient groups, bolus-kneading, and colour-mixing ability tests were developed. 

Usually consisting of a coloured wax or chewing gum (527,543,544), they form an 

easily controlled cohesive bolus upon chewing, and the chewing gum test in particular 

is significantly and positively correlated with comminution (544–546), including in 

participants with impaired dentition (545).There is also a notable correlation between 

mixing ability tests and the particle distribution D50 obtained from the gold standard 

fragmentation tests (546,547). These mixing ability tests allow for evaluation of an 

individual’s ability to manipulate food items to form and knead a bolus, rather than 

the degree of crushing assessed by comminution tests (544,546).  

 

4.1.1.3.2.1 Assessment methods  

 

These methods can assess masticatory performance as the ability to blend two, 

coloured layers of either chewing gum or wax, colour change development or sugar 

leakage detection from chewing gum and can be analysed via a visual scale or 

computer-software packages in a relatively short amount of time (527,543,546,548–

551). As the wax or gum is progressively chewed the colours will either change or mix 

together; and the colour value or degree of colour mixing correlates to masticatory 

performance (527,544). Colour mixing ability tests are a form of bolus kneading tests, 

and there are certain criteria that a test gum or other material must meet in order to be 

classified as a two-colour-mixing ability test. These can be observed in Table 4.1 

(544).  
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Table 4.1 Specifications for specimens to be used as a two-colour-mixing ability test 

(544)  

 

 

Two-colour chewing gum based tests are becoming increasingly popular for 

evaluation of masticatory performance; these are chewed habitually for a given 

number of chewing cycles before being removed from the oral cavity, and can be 

assessed using a visual scale or via opto-electronic methods (544). A visual 

representation and a description of the categories of chewing ability using a two-colour 

chewing gum test can be observed in Figure 4.1 and Table 4.2. In the work presented 

in this chapter, mastication was assessed objectively, through the use of a two-colour 

chewing gum which and will be referred to as masticatory performance.  

 

 

Criteria  

1.  The specimen should have two colours, ideally already combined in one piece 

2.  
The colour-combination should represent a large spread in hue values in the HIS (hue, 

intensity, saturation) colour space (e.g. green/red or red/azure) 

3.  The colours should not include white, as its hue value is not defined 

4.  
The colours should both be visible in the un-chewed gum, ideally one side-one colour (a 

coloured “core” is unsuitable) 

5.  The specimen should not stick to denture-resin (PMMA) 

6.  The specimen should not be too big or too hard, thus relatively easy to chew 

7.  The specimen should be storable and be widely available 

8.  The specimen should be separately packed for handling and hygienic reasons 

9.  
The colours should be relatively stable over time, even when the specimen was already 

chewed 

10.  The taste should be enjoyable for most people 

11.  The gum should be sugar free 
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Figure 4.1 Categories of chewing ability (on a visual assessment scale) as applied to 

two chewing gums; LotteTM (top line) and Perfetti van Melle (bottom line) (544) 

 

 

Table 4.2 Categories of chewing ability as assessed by a two-colour chewing gum test 

(544)  

 

 

 

 

 

 

 

 

 

Category Description  

SA1  Chewing gum not mixed, impressions of cusps or folded 

once. 

SA2 Large parts of chewing gum unmixed 

SA3 Bolus slightly mixed, but bits of unmixed original colour. 

SA4 Bolus well mixed, but colour not uniform. 

SA5 Bolus perfectly mixed with uniform colour 
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4.1.1.3.2.2 Benefits and limitations of bolus kneading tests  

 

In contrast to the aforementioned comminution tests, bolus kneading and colour-

mixing ability tests do not involve small particles that can get lodged underneath 

dentures, swallowed or pose a choking risk (531,543,552).  

Most individuals are accustomed to chewing gums and this is more likely to encourage 

habitual chewing, and, unlike the comminution tests, they rely less heavily on saliva 

production and flow rate, which is of benefit to sufferers of xerostomia amongst the 

older population (543,544). The two-colour and colour changing chewing gums in 

particular have a pleasant taste, and, although the wax- based tests have a neutral taste, 

they can present with an unpleasant, oily texture (544).  

These bolus kneading tests are relatively inexpensive, most of the chewing gums used 

in previous studies are readily and widely available, and analysis of the results 

obtained can be carried out quickly without the use of expensive, specialised 

equipment (543).  

The criteria required for colour-mixing ability tests is extensive, and few commercially 

available chewing gums meet all of them (544). Some gums have been observed to 

stick to dentures, whilst others are likely to contain sugar and would be therefore 

unsuitable for use amongst those with diabetes (543).  

 

4.1.3 Masticatory performance and nutritional status 

 

The relationship between oral health and nutritional status has been well described in 

Chapters 1 and 3. Natural tooth loss, particularly loss of occluding pairs of teeth, 

results in impaired masticatory performance and can negatively influence nutritional 

status, as the primary goal of chewing is to breakdown and lubricate foods to form a 

cohesive, safe-to-swallow bolus and the perceived ability to chew foods is closely 

associated with the number of natural teeth remaining (167,486,553,554). Therefore, 

alongside other factors that may affect nutritional status such as socioeconomic status, 

cultural beliefs and personal preference, oral health status and the physical ability to 

bite and chew can have a major impact on food choice and enjoyment, nutritional 

status and subsequent health status (155,159–162).   
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However, there is a lack of evidence to investigate whether improvements in 

masticatory performance could act as a predictor of nutritional status, particularly 

within an older, partially dentate population, and whether these improvements in 

masticatory performance differ according to type of prosthodontic rehabilitation 

treatment received.  
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4.2 Chapter Aims and Objectives  

 

The main aims of this chapter were:  

 

• To compare two tooth replacement strategies for partially dentate older 

patients; conventional RPDP treatment and functionally orientated SDA 

treatment, in terms of improving masticatory performance 

• To investigate how improvements in masticatory performance, as a result of 

RPDP or SDA methods of prosthodontic rehabilitation, can affect aspects of 

nutritional status as part of a RCT in partially dentate older adults  

 

The primary outcome measure for this RCT was oral health related quality of life 

measured using the Oral Health Index Profile (OHIP-14) questionnaire (see Appendix 

9). One of the secondary outcome measures for the RCT was masticatory performance, 

which will be the focus of this chapter.  
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4.3 Materials and Methods  

 

4.3.1 Overview of study design 

 

A RCT, funded by a research grant from the Health Research Board (HRB/2008/220), 

was conducted amongst partially dentate older patients (n=89, age range=71-97 y) to 

compare functionally oriented SDA treatment and conventional RPDP treatment 

(Trial Registration no. ISRCTN26302774). Inclusion criteria for patients involved in 

the study included being aged 65 y or older, having the ability to accept routine dental 

care in a dental chair, having a minimum of six remaining sound natural teeth in either 

arch, seeking replacement for missing natural teeth, being able to communicate in 

English and having no medical conditions which would prevent routine dental 

treatment. Recruitment of participants was carried out across two centres; Cork 

University Dental Hospital (CUDH) and St Finbarr’s Geriatric Day Hospital (SFDH) 

in Cork, Ireland. Patients recruited from SFDH were receiving a range of medical 

treatments whilst attending the Geriatric Day Hospital, therefore they represented an 

older and more systemically unwell cohort. Each patient involved in the study was 

provided with written information detailing the proposed treatment and completed a 

written consent form prior to the onset of treatment. Full ethical approval was granted 

for the study from the Cork Teaching Hospitals Ethics Committee (ref: ECM 5 (9) 

05/02/08). The design has been described in further detail elsewhere (359). The flow 

of participants through the study can be observed in Figure 4.2. SM Wallace conducted 

the statistical analysis, excluding the nutritional status regression models, presented in 

this Chapter.  

 

4.3.2 Randomisation  

 

Patients were randomly allocated to one of two treatment groups; the RPDP treatment 

group or the SDA treatment group. Randomisation was performed using a computer-

generated schedule in Statistical Analysis Software (SAS); stratified according to age 

and gender and conducted in blocks of varying length (359). Separate randomisation 

schedules were generated for both recruitment sites and the treatment groups included 

patients recruited from both centres, randomised independently (555). A research 
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assistant conducted the patient randomisation and the clinical operator was blinded to 

the allocation (555). For the duration of the study patients were assessed using an 

intention to treat analysis; patients were not analysed according to the treatment 

eventually administered but rather according to the initial treatment intent which was 

determined by the randomisation process (359). This was utilised to reduce bias and 

to maintain the integrity of the randomisation process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 Study design and flow of participants through the RCT 
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4.3.3 Operative care 

 

Information relating to the operative care received by study participants has been 

published elsewhere (359,555). To render patients dentally fit they received 

standardised dental care prior to the onset of treatment, which included extraction of 

teeth that could not be saved, restoration of carious lesions, replacement of defective 

direct restorations, extensive oral hygiene instruction and non-surgical periodontal 

treatment (555). For the RPDP group, patients were restored to complete arches with 

RPDPs using cobalt-chromium frameworks to replace missing teeth and these were 

provided according to a standardised protocol which included primary and secondary 

impressions, surveying of mounted casts and framework design according to best 

prosthodontic principles (555). For patients in the SDA group, restoration to a 

premolar occlusion of 10 occluding pairs of natural and replacement teeth, using RBB 

according to a standardised protocol, throughout the arch occurred (359). Posterior 

teeth distal to the SDA were left unopposed, and minimal tooth preparation within 

enamel only was carried out to produce retentive forms and increase the surface area 

for bonding (555). For the purpose of this study the RPDPS and RBB used were 

constructed by the same dental laboratory and all operative treatment was conducted 

by a single clinician with postgraduate training in prosthodontics (359).  

 

4.3.4. Data collection 

 

As previously mentioned, the primary outcome measure for this RCT was oral health 

related quality of life measured using the Oral Health Index Profile (OHIP-14) 

questionnaire (see Appendix 8); the results from which are discussed elsewhere (359). 

One of the secondary outcome measures for the RCT was masticatory performance, 

which will be the focus of this chapter.  

 

4.3.4.1 Masticatory performance 

 

A two-colour chewing gum, a previously validated bolus kneading test, was utilised 

to assess masticatory performance (544). This chewing gum (Vivident Fruitswing 

“Karpuz/ Asai Üzümü”, Perfetti van Melle, Turkey), only commercially available in 

Turkey, comprises two different coloured layers, a green and dark violet layer. It has 
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dimensions of 43x12x3mm, is relatively soft (Shore hardness OO: green side: mean 

depth of indentation 0.8±0.08mm, mean Durometer 67.4, violet side: mean depth of 

indentation 1.1±0.08mm, mean Durometer 58.4), and does not stick to denture resin, 

artificial teeth or to cast frames. However, this gum does not meet all of the criteria 

required to be classed as a colour mixing-ability test. These criteria can be observed 

in Table 4.1 in Section 4.1.1.3.2.1.  

After the chewing gum was placed in the mouth the participant was asked to chew 

normally for 20 cycles, the reference number for mixing ability tests (544), the 

chewing strokes being counted by the researcher. The gum was then retrieved from 

the oral cavity, placed in a transparent plastic bag and then flattened to a 1mm thick 

wafer.  

Both sides of the wafer are scanned with a standard flatbed scanner (XYZ) at a 

resolution of 300dpi and saved in *jpg format. Both images were then jointly imported 

into the ViewGum © (www.dhal.com) software. The software transformed the images 

in the HIS colour space and separated the gum from the background semi-

automatically. In this HIS colour space the hue component shows two well-separated 

peaks when colours are not mixed, with the peaks gradually merging as the colour 

mixing increases. Therefore, an inadequate colour mixing will result in a larger 

variance on the hue axis when compared to well mixed samples. This variance of hue 

(VOH) is considered the measure of colour mixing (556); it is significantly associated 

with the number of chewing cycles, correlates to the comminution test and is therefore 

used as the measure for masticatory performance in this bolus-kneading test (544,545).  

 

4.3.4.2 Nutritional status 

 

To assess nutritional status, the full version of the mini nutritional assessment (MNA) 

(see Appendix 10) was administered by a research nurse at baseline (pre-treatment) 

and 12 months post-treatment intervention. The MNA is a simple, well-validated tool 

used widely in research and clinical practice, with high sensitivity, specificity and 

reliability, and can identify patients at risk for malnutrition (557). The research nurse 

was blinded to the treatment group allocation of all participants involved.  

 

http://www.dhal.com/
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Haematological samples were provided by participants which were then screened in 

Cork University Hospital for biochemical markers of nutritional status including 

serum albumin, serum cholesterol, ferritin, folate, Vitamin B12 and 25-

hydroxycholecalciferol (Vitamin D (25(OH)D)) according to standard hospital 

protocols (558). For each of these markers, levels were compared to ‘normal ranges’ 

to indicate the nutritional status of each patient. Haematological samples were 

collected from each participant at baseline (pre-treatment) and 12 months post-

treatment intervention, again by a research nurse blinded to the treatment group 

allocation.  

 

4.3.5. Power calculation 

 

A power calculation was made based on summary OHIP-14 score data from the UK 

Adult Dental Health Survey as this was the primary outcome measure of the RCT. The 

calculation was based on a null hypothesis which stated that those treated with SDA 

would be no worse off than those treated with RPDP. Power was set at 80% with a 

one-sided 5% level of significance. The sample size calculation (α=0.05, β=0.8) 

indicated that 44 patients from both treatment groups were required to complete the 

study, however the aim was to over-recruit patients with up to 65 in each treatment 

group to allow for a drop-out rate of up to 30%. The sample size calculation was also 

checked to ensure validity for masticatory performance as a secondary outcome 

measure.  Data from a previous study employing the same methodology was used 

(545). The effect size d was 1.77 for VOH between the investigated groups and it was 

calculated that a total sample size of 40 (n=20 in each group) was necessary to achieve 

sufficient power (α=0.0001, β=0.90) to reject the null hypothesis. The calculation was 

performed using PS Power and Sample Size Calculations Version 3.1 (559).  

 

4.3.6 Statistical analysis 

 

Descriptive characteristics were presented using mean (SD) or frequency (proportion) 

as appropriate and compared using independent sample t tests or chi squared tests for 

means and proportions respectively. Masticatory performance (VOH) for the two 

treatment groups was compared using independent sample t tests. Associations 

between VOH and nutritional parameters were assessed using Pearson Correlation 
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coefficient as the data was normally distributed. These analyses were conducted using 

SPSS. These analyses were conducted by SM Wallace. Mixed effects linear regression 

models were conducted to investigate the relationship between nutritional status and 

factors such as time point, treatment group, age, gender and VOH. These regression 

models carried out using R, version 3.2.2 (The R Project for Statistical Computing, 

Vienna, Austria), with the additional package “lme4”. For all analyses performed the 

level of significance was set to 0.05.  
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4.4 Results 

 

4.4.1 Characteristics of study participants 

 

A total of 132 participants were randomly allocated to a treatment group, either the 

SDA or RPDP group and participated in the trial. 43 participants were lost to follow-

up, therefore the RCT had a dropout rate of 32.56%. Table 4.3 displays the 

characteristics of the patients who completed the RCT (n=89). 44 patients were 

allocated to the RPDP treatment group and 45 were allocated to the SDA treatment 

group. As observed, there were no significant differences between the two groups, 

with regards to gender, age or number of teeth at baseline and number of occluding 

units (OU) (p=0.89, 0.93, 0.09 and 0.06 respectively, from independent sample t tests 

or chi squared tests as appropriate). Due to the nature of the two prosthodontic 

treatments, there was a significant difference in the number of OU at 12 months; with 

the RPDP group having a significantly higher number compared to the SDA group 

(p<0.0001).  

  

 

Table 4.3 Descriptive characteristics of study participants  

 

P values obtained from independent sample t tests.  

 

 

Descriptive Characteristic  RPDP group SDA group P value 

Number of participants (N=89) 44 45 - 

Gender (N (%))  

Female                         23 (52.3%) 25 (55.6%) 

0.89 

Male 21 (47.7%) 20 (44.4%) 

Age (Mean (SD))  79.7 (5.4) 79.6 (6.5) 0.93 

No. of teeth at baseline (Mean (SD)) 18.6 (3.1) 17.2 (4.3) 0.09 

No. of occluding units  

(Mean (SD)) 

Baseline  6.8 (1.4) 7.3 (1.2) 0.06 

12 months  13.9 (0.6) 10.0 (0.0) <0.0001 
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4.4.2 Masticatory performance 

 

For both the SDA and RPDP treatment groups, masticatory performance (as measured 

by VOH), at baseline was similar (p=0.64). Masticatory performance for both groups 

significantly increased between baseline and 12 months post prosthodontic 

rehabilitation (p<0.001). Masticatory performance at 12 months was also similar 

between the two groups (p=0.21). These results, and the spread of the VOH values 

obtained for the two groups, can be observed in Figure 4.3 and Table 4.4. The 

differences observed between the two groups in the mean change in VOH between the 

timepoints can also be observed in Table 4.4; no significant differences were observed 

(p=0.17).  

 

 

 

 

Figure 4.3 Box plot of masticatory performance (VOH) at baseline and 12 months for 

both the RPDP and SDA groups 

P value obtained from an independent sample t test.  
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Table 4.4 Masticatory performance (VOH) for both the RPDP and SDA groups 

 

*comparison of VOH at baseline with VOH at 12 months. P values obtained from independent sample t tests. 

 

 

4.4.3 Nutritional status  

 

More detailed information on the results obtained for the nutritional parameters have 

been reported elsewhere (555).  A mixed-model analysis of covariance (ANCOVA) 

was performed to investigate haematological markers for both the RPDP and SDA 

treatment groups. MNA scores showed some improvements over the length of the 

study (p < 0.05), however these were similar within the two treatment groups 

(p > 0.05). There were no significant differences in any of the haematological 

biomarkers investigated between the two treatment groups (p>0.05). Levels of 

25(OH)D significantly differed between baseline and 6 months (p<0.05), and these 

increases were similar between the two treatment groups (p>0.05). No further change 

was noted at 12 months post-treatment intervention (p=0.65). No other significant 

differences were observed between levels of the following biomarkers between 

baseline and 6 months; Vitamin B12 (p=0.94), serum folate (p=0.13), ferritin (p=0.63), 

and albumin (p=0.66).  

 

4.4.3.1 Masticatory performance as a predictor of nutritional status 

 

Table 4.5 displays results obtained from Pearson correlations to test for associations 

between masticatory performance and nutritional status, using MNA score and 

 
RPDP group 

(N=44) 

SDA group 

(N=45) 
P value 

VOH  

Baseline (Mean (SD)) 0.6 (0.2) 0.6 (0.2) 0.64 

12 months (Mean (SD)) 0.5 (0.2) 0.4 (0.2) 0.21 

Change in VOH between 

baseline and 12 months 

(Mean (SD)) 

-0.2 (0.3) -0.2 (0.3) 0.17 

P value* <0.001 <0.001 - 
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haematological biomarkers, at baseline and 12 months. No significant correlations 

were observed (p>0.05). 

 

Table 4.5 Correlation between masticatory performance (VOH) and nutritional 

parameters 

Results presented as R value and p value obtained from Pearson correlation coefficient. 

 

Results from mixed-effects linear regression models (as seen in Table 4.6) observed 

that increasing age was significantly associated with lower MNA scores and therefore 

with diminished nutritional state (p<0.05), however MNA score increased at each time 

point post-treatment intervention (p<0.001). Time point was also a significant 

predictor of 25(OH)D status; with levels increasing during the study period (p<0.05). 

No other statistically significant predictors of nutritional status were observed, 

including masticatory performance or whether the participant received either the 

RPDP or SDA form of prosthodontic rehabilitation (p>0.05).  

   Baseline 12 months 

R P value R P value 

Total MNA Score 0.19 0.07 0.08 0.47 

Vitamin B12 (ng/L) 0.07 0.49 0.07 0.51 

Serum Folate (ng/ml) 0.13 0.22 0.16 0.13 

Serum Ferritin (ng/ml) 0.10 0.35 0.01 0.95 

Serum Total Cholesterol (mmol/L) 0.10 0.36 0.02 0.88 

25(OH)D (nmol/L) -0.09 0.40 -0.05 0.62 
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Table 4.6 Regression results for predictors of nutritional status 

 

 Total MNA Score P value Vitamin B12 P value Serum Folate P value 

Tooth 

relacement 

strategy 

SDA 0.06 (-1.50, 1.63) 
0.94 

-15.73 (-63.18, 31.71) 
0.52 

-1.21 (-2.73, 0.32) 
0.12 

RPDP Reference Reference Reference 

Timepoint 
12 months 1.15 (0.76, 1.54) 

<0.001 
-18.49 (-47.83, 10.84) 

0.22 
0.10 (-0.98, 1.18) 

0.85 
Baseline Reference Reference Reference 

Age -0.16 (-0.28, -0.04) <0.05 -2.05 (-5.80, 1.70) 0.28 -0.09 (-0.21, 0.03) 0.16 

Gender 
Male -0.79 (-2.36, 0.79) 

0.33 
-48.97 (-97.06, -0.87) 

0.05 
-1.08 (-2.61, 0.45) 

0.17 
Female Reference Reference Reference 

VOH 1.06 (-0.31, 2.43) 0.13 -13.88 (-98.31, 70.54) 0.75 2.56 (-0.18, 5.30) 0.07 

Results presented as beta (95% CI). P value obtained from mixed effect linear regression model. Removable Partial Dental Prosthesis/Shortened Dental Arch (RPDP/SDA), the time 
point of assessment (12months/baseline), age (years), gender (male/female) and masticatory performance (VOH). 
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Table 4.6 (cont.) Regression results for predictors of nutritional status 

 

 

 Serum Ferritin P value 
Serum Total 

Cholesterol 
P value 25(OH)D  P value 

Tooth 

relacement 

strategy 

SDA -2.53 (-39.34, 34.28) 
0.89 

-0.03 (-0.37, 0.31) 
0.86 

-1.93 (-13.57, 9.71) 
0.75 

RPDP Reference Reference Reference 

Timepoint 
12 months 20.38 (-1.59, 42.36) 

0.07 
0.12 (-0.14, 0.38) 

0.36 
9.05 (3.17, 14.92) 

<0.05 
Baseline Reference Reference Reference 

Age -1.59 (-4.72, 1.53) 0.32 0.01 (-0.02, 0.04) 0.56 -0.69 (-1.46,  0.07) 0.08 

Gender 
Male 2.90 (-34.17, 39.97) 

0.88 
0.05 (-0.30, 0.40) 

0.78 
-5.01 (-16.85, 6.84) 

0.41 
Female Reference Reference Reference 

VOH 49.22 (-14.49, 112.93) 0.13 0.13 (-0.51, 0.78) 0.69 -4.94 (-22.06, 12.17) 0.57 

Results presented as beta (95% CI). P value obtained from mixed effect linear regression model. Removable Partial Dental Prosthesis/Shortened Dental Arch (RPDP/SDA), the time point 
of assessment (12months/baseline), age (years), gender (male/female) and masticatory performance (VOH). 
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4.5 Discussion 

 

The overall aims of the analysis in this chapter were to investigate differences in 

improvements in masticatory performance, using a bolus-kneading, two-colour 

chewing gum test in partially dentate older patients who had received one of two 

different forms of prosthodontic rehabilitation; conventional RPDP treatment or 

functionally orientated treatment based on the SDA concept. Relationships between 

masticatory performance and nutritional status were also investigated.  

 

4.5.1 Overview of findings  

 

The results of this study have highlighted a significant improvement in masticatory 

performance amongst partially dentate older patients who have received prosthodontic 

rehabilitation using either a RPDP or SDA approach. Furthermore, although the 

number of occluding pairs of teeth were higher in patients restored using RPDP, the 

more functionally oriented SDA treatment provided equivalent restoration of 

masticatory performance when compared to more conventional RPDP treatment.  

Although VOH was not significantly associated with any of the nutritional parameters 

investigated, there were statistically significant differences in MNA score and 

25(OH)D levels recorded at baseline and 12 months post-treatment intervention, 

suggesting improved masticatory function through prosthodontic rehabilitation was 

associated with an increase in some of the nutritional parameters investigated.  

 

4.5.2 Masticatory performance  

 

The change in masticatory performance that was observed after a 12 month period in 

those patients who had received SDA treatment did not significantly differ from that 

observed in patients who received RPDP treatment. This suggests that both forms of 

prosthodontic rehabilitation are capable of improving masticatory performance in 

partially dentate older adults, and agrees with previous clinical trial data which 

suggested patients with SDA treatment had adequate masticatory function in the long 

term as well as providing satisfactory comfort and appearance (361,363,560). Studies 

have also demonstrated that treatment according to the SDA concept may be a more 
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appropriate treatment option for elderly patients, who may feel more comfortable 

chewing with this treatment option (363,555,561).  

As discussed in Chapter 1, RPDPs are a popular, relatively non-invasive form of 

denture treatment offered to many patients (349); however, there are several 

limitations associated with their usage in partially dentate older adults. These include 

high levels of non-compliance mainly due to impaired aesthetics or oral discomfort 

(351) and also an increased risk of dental disease such as caries and periodontitis (350). 

Many older patients receive RPDPs as part of publicly funded dental care; and it is 

now an emerging issue of debate as to whether RPDP treatment is an efficient use of 

public funds and whether it is the most effective form of treatment for the patients 

concerned (351).  

Several alternative treatments to RPDPs are currently in use, including functionally 

orientated treatment based on the SDA concept. This strategy focuses on the anterior 

and premolar teeth, considered essential for masticatory function and aesthetic 

purposes (562) and aims to achieve an acceptable level of oral function through the 

provision of a functional dentition of 10 occluding pairs of teeth (357). This form of 

treatment has been shown to be easily maintained by patients and acceptable to 

clinicians, however evidence suggests that SDA treatment remains an underutilised 

approach (363,364).  

 

4.5.3 Masticatory performance as a predictor of nutritional status  

 

In recent years there has been a notable increase in the number of older adults classed 

as partially dentate, due to advancements in natural tooth retention thus resulting in an 

increase in the number of patients seeking treatment to replace or maintain their 

remaining teeth (563,564). Therefore, it is important to ensure that the chewing ability 

of older, partially dentate patients is optimised through the use of prosthodontic 

rehabilitation and that effective dental treatment options are readily available and 

considered for use, so that these patients can consume healthy diets consisting of a 

wide range of foods.  

The condition of the mouth changes with age; natural teeth may be lost, negatively 

impacting masticatory performance and influencing food choice and nutritional status 
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(155,159). As discussed previously in Chapter 3, older adults with oral health issues, 

such as fewer remaining natural teeth and wearing dentures, are more likely to 

consume foods which are softer and easier to chew, and these foods tend to be low in 

fibre, whilst being calorie and carbohydrate dense (160–162,164,165). They are also 

avoiding harder to eat, nutrient rich foods such as certain FV, and these adults are 

therefore at risk of developing nutrient deficiencies (160–162,164,165).  

As discussed in the review of the existing literature in Chapter 1 and reiterated in 

analysis of the longitudinal NICOLA study in Chapter 2, food choice and diet are 

influenced by a number of factors including socio-economic status and educational 

attainment in addition to dental status. Although there is a wealth of evidence to 

suggest that the loss of natural teeth can alter an older person’s food choice and 

selection, and that the perceived ability to chew foods is closely associated with the 

number of remaining natural teeth (553), there is conflicting evidence as to whether 

replacing these missing natural teeth alone can improve nutritional status (565–567), 

and this was noted in results from this study.  

Results from Pearson correlation tests showed masticatory performance at baseline 

and 12 months was not significantly associated with various markers of nutritional 

status or MNA score, however it is still worth noting the magnitude of evidence, 

discussed in previous chapters, suggesting the relationship between oral health status, 

diet and subsequent nutritional status in the older adult population (155,159). As 

discussed in previous chapters, this is a particularly important area as it has been 

observed that older adults with oral health issues are avoiding certain nutrient rich 

foods and are at risk of nutritional deficiencies (483).  

MNA score was significantly predicted by age and time point; with an increase in age 

being associated with a lower score and scores significantly increasing post-treatment 

intervention, however improving masticatory performance, as shown by a decrease in 

VOH, or whether or not the participant received the RPDP or SDA form of 

prosthodontic treatment did not appear to have an impact.  

Time point was also a significant predictor of 25(OH)D status, with levels increasing 

during the study period, however masticatory performance was not identified as a 

predictor of 25(OH)D status. Although 25(OH)D levels vary seasonally, no pattern in 

the seasons in which data was collected throughout the trial was observed (555). It is 
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important to note that at baseline, the mean 25(OH)D level was below the lower limit 

of the normal reference range for 25(OH)D of 75 - 200 nmol/L, consistent with 

previous findings that large proportions of older adults are deficient in 25(OH)D (22), 

and although increases were seen over the study period, nearly half of the participants 

involved were deficient in 25(OH)D at the end of the study. The patients involved in 

this study did not receive any nutritional counselling as part of the intervention, 

however some of the participants, particularly those recruited from SFDH, were 

recovering from medical events such as stroke. Therefore, they may have received 

dietary information from other healthcare professionals, and this may have resulted in 

improved 25(OH)D levels over the course of the intervention period. There have been 

no previous dental studies to examine the relationship between 25(OH)D replacement 

of natural teeth, highlighting the need for further research in the area of tooth 

replacement and nutritional status. In particular, large population based longitudinal 

studies with longer follow up periods, as these results suggest that nutritional status is 

not consistently associated with masticatory performance however improvements are 

being seen over time, and there is systematic review evidence to suggest that the exact 

relationship between oral health and nutritional status is unclear (487,497).  

 

4.5.4 Strengths and Limitations  

 

4.5.4.1 Overall study design 

 

The current trial was conducted with a robust, RCT design; the gold standard in 

clinical research with a minimal margin for bias and influence of confounding factors 

(568). Due to the nature of the intervention itself, blinding of participants or the 

researchers involved was impossible, so although in complex interventions this is a 

well-recognised issue the possibility of response bias and assessor bias must be taken 

into consideration. The research nurse however, who collected data from the 

participants involved, was blinded to treatment allocation, and the researcher who was 

not blinded was not involved in any aspect of treatment response data collection.  

Although it was performed with an adequate sample size, for both the primary and 

secondary outcome measures, a relatively small number of partially dentate older 

patients took part in this clinical RCT therefore the issue of statistical power must be 
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taken into consideration when interpreting the results obtained. These results do 

however have the potential to inform future studies or clinical decision-making 

regarding prosthodontic rehabilitation treatment for this population group.  

 

4.5.4.2 Evaluation of masticatory performance 

 

Although the sieving test is precise and the current gold standard for evaluating 

masticatory performance, it is a time-consuming method requiring a laboratory setting 

and may pose a choking risk for elderly patients or those with dysphagia. Bolus-

kneading tests were then developed to address this need for a cost-effective and simple 

method of evaluating chewing efficiency that can be used in a variety of settings and 

by all patient groups. The two-colour chewing gum bolus kneading test used in this 

RCT, although significantly and positively associated with comminution, does not 

meet the required criteria for a mixing-ability test (543–545). A chewing gum has been 

recently developed that provides a larger SD in the Hue axis of the HIS colour space 

(569), therefore being more suitable for clinical experiments of masticatory 

performance, and this is further described in Chapter 5.  

 

4.5.4.3 Assessment of nutritional status 

 

Within this RCT nutritional status was assessed both subjectively through the use of 

the MNA questionnaire, and objectively using haematological markers such as folate, 

ferritin and 25(OH)D. Although the MNA questionnaire is simple and relatively quick 

to complete, it includes aspects of self-reporting and is therefore vulnerable to various 

forms of bias and misreporting. The analysis of the blood samples also collected 

should provide a more accurate and objective description of the nutritional status of 

the participants involved; however these markers can only assess recent dietary intake, 

may be relatively insensitive to change and may be influenced by other factors 

unrelated to nutritional status such as inflammation, genetic variations, time of year 

and lifestyle factors such as smoking (570,571). There are questionnaires available, 

such as the QMF questionnaire (522), to investigate the ability of an individual to bite 

and chew certain foods, such as FV and meat. However, participants in this study were 

not questioned on this, either before or after prosthodontic rehabilitation, and given 

that there is evidence to suggest that improving masticatory function alone does not 
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necessarily correlate to an improvement in nutritional status (565,566), it could be 

worth including a similar questionnaire in future work to investigate whether 

individuals are actively trying to consume foods they could not previously eat due to 

chewing difficulties. Participants were only followed up for a maximum of 12 months, 

and the time required to change and maintain dietary habits and to see improvements 

in nutritional status following prosthodontic rehabilitation may require a longer time 

frame (572). Participants did not receive any dietary counselling or information post-

treatment and therefore may have continued to eat in the same way as they had done 

previously, even though their oral health status had been improved.  

 

4.5.5 Future work 

 

As treatment based on the SDA method has been shown to improve masticatory 

performance to the same extent as RPDPs and has a number of benefits including 

improved comfort and aesthetics, where possible this method of treatment should be 

offered to patients. Improvements in some of the nutritional parameters investigated, 

but not all, were observed 12 months post-prosthodontic rehabilitation, therefore it 

could be recommended that when prosthodontic rehabilitation is carried out in future 

it should be delivered to patients in combination with dietary education and 

information on how to improve their diet post-dental treatment. This will ensure that 

they aware of the foods that they can now eat, that may previously have been avoided. 

Furthermore, both objective and subjective methods of assessing dental health, 

masticatory performance and nutritional status should be incorporated into future 

interventions.  

 

4.5.6 Conclusions 

 

The results from this RCT in partially dentate older patients receiving either 

conventional RPDP treatment or functionally orientated treatment based on the SDA 

concept have highlighted that prosthodontic rehabilitation according to the principles 

of the SDA is equivalent to RPDPs in terms of improving masticatory performance in 

this patient groups. Although increases in some nutritional parameters were seen over 

time these were not consistent, and improved masticatory performance was not shown 

to be a predictor of improved nutritional status. This highlights that simply improving 
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masticatory performance in isolation does not lead to increases in haematological 

biomarkers of nutritional status, therefore, it may be necessary for prosthodontic 

rehabilitation to be delivered to partially dentate older adults in combination with 

dietary counselling to aim to improve dietary intake and subsequent nutritional status.  
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Chapter 5.  

The effect of manipulating oral processing 

behaviours, through changing food texture and 

instructions to chew slowly, on self-reported 

appetite measures. 
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5.1 Introduction 

 

As mentioned in previous chapters, it has been widely recognised in the adult 

population that a number of factors, including oral health status, can influence food 

choice and eating behaviours (13,487).  

 

5.1.1 Masticatory performance, energy intake and appetite  

 

The physical ability to bite and chew is affected greatly by oral health status (159), 

therefore OPBs, such as chewing rate and bite size, which have been linked to energy 

intake and obesity status (419,573), could also be influenced by oral health status. 

Previous research has shown that poor oral health, assessed through self-report 

questionnaires or clinical dental examination can negatively impact dietary intake 

(155,164,170).  

There have been several studies investigating masticatory performance, assessed using 

EMG, and its relationship with appetite (574,575). However, no previous studies have 

explored if this may differ through assessing masticatory performance using other 

methods such as a two-colour chewing gum, which is effective and simple to carry out 

in a range of environments.  

It has been previously observed that there is no correlation between objective and 

subjective methods of evaluating masticatory performance (576,577); therefore it 

would be interesting to note whether both or either had an influence on appetite.  

 

5.1.2 Eating rate manipulation, energy intake and appetite 

 

Food choice can also be heavily influenced by an obesogenic food environment and 

the high accessibility of energy dense foods (401,578), and the prevalence of 

overweight and obesity in the adult population is increasing (52).  

Therefore, there is a need for effective interventions that can easily be adopted in a 

variety of settings (including amongst older adults) to control energy intake. 

Manipulation of eating rate, either through verbal instruction to slow down the rate of 

eating, or through the consumption of harder textured foods, and how this can 
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influence energy intake and self-reported appetite has been previously discussed in 

Chapter 1, and previous research in this area tends to look at these methods in isolation 

(393,419).  

There have been several studies using breakfast as a test-meal investigating whether 

eating slowly or quickly can have an impact on energy intake and self-reported 

appetite; with results suggesting that eating slowly results in a lower ad libitum energy 

intake and higher levels of satiety and a lower desire to eat post-meal consumption 

(393,579).  

However, most of the research surrounding the manipulation of OPBs through food-

based texture differences and how it can influence appetite tends to use lunch as the 

test-meal and measures its impact on energy intake through consumption of an ad 

libitum meal within the research environment (392,409,580).   

There has been only one previous study conducted to investigate whether 

manipulating OPBs through food-based texture differences can influence appetite 

using breakfast as the test meal (419). However this breakfast consisted of a savoury 

rice porridge commonly consumed for breakfast in Singapore, therefore results from 

this study may not be generalisable to the UK population (419).  

No work has been done previously to investigate the combined effects of manipulating 

OPBs, through modifying food texture and giving verbal instructions to chew slowly, 

using breakfast as the test meal, to investigate the links between OPBs, oral health 

status and chewing ability, and how these can impact satiety. 
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5.2 Chapter Aims and Objectives  

 

The main aim of this chapter was: 

 

To investigate whether there is a combined effect of manipulating OPBs, through 

consumption of foods differing in texture classified as “fast” or “slow” foods, and 

verbal instructions to chew slowly, on self-reported satiety. 

 

The main objectives of this chapter were: 

 

• To investigate whether there is a combined effect of manipulating OPBs, 

through consumption of foods differing in texture classified as “fast” or “slow” 

foods, and verbal instructions to chew slowly, on nutrient intakes later in the 

day  

• To investigate the relationship between masticatory performance, measured 

objectively using a two-colour chewing gum test and subjectively, using a self-

report questionnaire, and self-reported appetite measures 

• To examine correlations between objective, obtained using a two-colour 

chewing gum test, and subjective, using a self-report questionnaire, methods 

of evaluating masticatory performance 
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5.3 Methods 

 

5.3.1 Participants 

 

Healthy male and female participants (n=23, age range=22-56 y) living in NI were 

recruited using several recruitment methods, including an A4 poster advertisement 

circulated via internal QUB mailing lists (see Appendix 11) and word of mouth. 

Individuals who were interested in participating in the study, which received no 

external funding, contacted the researcher via email and were given more information 

about the study including a Participant Information Sheet (see Appendix 12). If the 

participant was deemed suitable for the study and met the eligibility criteria stated 

below, times and dates for the four morning study visits were scheduled. Written 

consent was obtained from all participants at the beginning of the first study visit 

before data collection commenced.  

 

5.3.2 Eligibility criteria  

 

Participants were eligible to take part in the study if they met the following criteria; 

• Over the age of 18 y 

• No dietary restrictions, including allergies to any of the foods used in the 

breakfast options 

 

5.3.3 Ethical approval 

 

The study was granted ethical approval by the School of Medicine, Dentistry and 

Biomedical Science Ethics Committee at Queen’s University, Belfast (Ref: 18.41v2). 

Each participant was allocated a unique study number which was used for all study 

documentation and all collected data were held securely and confidentially as required 

under the General Data Protection Regulation and Data Protection Act 2018 and stored 

as required by the University; and participant names did not appear on any 

documentation associated with the study apart from consent forms and participant 

contact details which were kept in a locked filing cabinet along with any other study 

documentation. The study was conducted between October 2018 and May 2019.  
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5.3.4 Brief overview of the study 

 

The study was designed as a randomised crossover experiment to test the manipulation 

of OPBs through food texture differences and instructions to chew slowly on self-

reported satiety amongst members of the general population in NI. The protocol for 

the study can be seen in Appendix 13. Comparisons were also made between objective 

and subjective methods of masticatory performance evaluation, to repeat the work of 

Pedroni-Pereira et al (577), using the two-colour Hue-check Gum® (544). Eligible 

participants attended the Nutrition Research Interview Room in the Institute for 

Clinical Sciences Block A for four morning study visits, after an overnight fast, with 

at least one week in between each visit.  To reduce demand awareness the Participant 

Information Sheet was modified accordingly to ensure participants were not aware of 

the true aim of the study to investigate how chewing slowly, texture differences and 

masticatory performance can influence self-reported satiety. Participants were instead 

informed that the aim of the study was to investigate the effect of time spent eating 

breakfast on mood; and were given the following title for the research project; “Can 

spending a longer period of time eating breakfast impact mood?”  

 

5.3.5 Description of breakfast sessions  

 

Participants attended four breakfast sessions as part of the study; consuming two 

different breakfasts twice. The two breakfast options were isocaloric at 400kcal, one 

breakfast was a “slow” option, with a crunchy texture designed to take longer to 

consume, and the other breakfast was a “fast” option with a much smoother texture 

and designed to take less time to consume. The ‘slow’ option consisted of 79g of 

Sainsbury’s Raisin, Honey and Nut Granola and 100ml of semi-skimmed milk; and 

the ‘fast’ option consisted of 240g of Activia Grains and Nuts Yoghurt, 22.4g of 

Sainsbury’s blackcurrant compote and 20g Alpen Muesli Original. Nutritional 

information for both breakfast options are shown in Table 5.1. Overall there were four 

breakfast conditions as both breakfasts were consumed twice; once eating at their 

normal rate, and once eating as slowly as they could until they had finished the 

breakfast. Participants were blinded as to whether the meal was classified as either 

“fast” or “slow” and the order of meals were randomly allocated using block 
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randomisation, and the presentation of test meals were therefore counterbalanced to 

neutralise possible learning effects. 
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Table 5.1 Nutritional information for the fast and slow breakfast options  

 

Breakfast 

Option 

Breakfast 

Components 
Quantity 

Nutrient Information 

Energy 

(kcal) 

Fat  

(grams) 

Saturated fat 

(grams) 

Protein 

(grams) 

Carbohydrate 

(grams) 

Sugar  

(grams) 

Fibre  

(grams) 

Salt  

(grams) 

Slow 

Granola 79.2g 350 11.2 3.2 8.2 51.4 14.7 5.7 0.2 

Milk 100ml 50 1.8 1.1 3.6 4.8 4.8 0 0.1 

Total - 400kcal 12.6 4.3 11.5 54.6 19.5 5.5 0.3 

Fast 

Conserve 22.4g 57.2 0.2 0.1 0.1 13.4 12.4 0.5 0.1 

Yoghurt 240g 268 9.4 4.8 9 34.8 32 4 0.3 

Muesli 20g 74.8 1.1 0.2 2.2 13 4.2 1.5 0.1 

Total - 400kcal 10.7 5.1 11.3 61.2 48.6 6.1 0.4 
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5.3.6 Data collection 

 

The following information (summarised in Table 5.2) was collected from participants 

over the course of the four study visits.  

 

5.3.6.1 Information collected during the first study visit 

 

5.3.6.1.1 General health and lifestyle information 

 

Participants were given several questionnaires as part of the first study visit to assess 

demographic, health and lifestyle information and these were completed using 

Qualtrics (https://www.qualtrics.com/uk/), an online survey tool. Physical activity was 

assessed using the previously validated General Physical Activity Questionnaire 

(GPAQ) (see Appendix 14), the SF-36 was used to measure health-related quality of 

life (see Appendix 15), and a general questionnaire was used to assess medical history, 

socioeconomic status (assessed using highest level of education attained), medication 

use, and some dietary habits such as regular breakfast consumption (see Appendix 16). 

Anthropometric data was also collected during the first study visit including height, 

weight, waist and hip circumference (see Appendix 17).  

 

5.3.6.1.2 Masticatory performance 

 

As part of the first study visit, participants were asked to undergo two different 

evaluation methods of masticatory performance. This was to repeat previous work by 

Pedroni-Pereira et al (577) and used the methods of Schimmel et al (544) to verify if 

there was agreement between objective and subjective validated methods of evaluating 

masticatory performance; using a subjective self-completed questionnaire and an 

objective two-colour chewing gum test.  

 

5.3.6.1.2.1 Objective measure 

 

Participants were asked to undergo an objective test to evaluate masticatory 

performance using a previously validated colour-mixing ability bolus-kneading test 

(569). Participants were asked to chew the Hue-check Gum®; consisting of two-

https://www.qualtrics.com/uk/
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coloured layers (blue and pink). The gum was placed in the participant’s mouth with 

the blue layer facing the tongue, and the participant was instructed to chew thoroughly, 

whilst being allowed to change chewing sides during the test. No other instructions 

were given to ensure the chewing sequence was as normal as possible, and the 

researcher counted 20 chewing cycles (the reference value for chewing tests), after 

which the participant was instructed to stop chewing. The gum was then retrieved from 

the oral cavity by the researcher, placed in the middle of a transparent plastic bag and 

flattened using a template to a 1mm thick wafer for scanning and analysis. Both sides 

of the flattened wafer were scanned within 24 hours of chewing to prevent colour 

degradation, and the images were imported into a freely available software for analysis 

(ViewGum© software, dHAL Software, Greece, www.dhal.com).  

The software transformed the scanned images of the flattened gum into the HIS (hue, 

intensity, saturation) colour space and calculated the hue value for each pixel. If the 

colours of the specimen were not mixed, two well separated peaks on the hue axis 

were present. With increasing degree of colour mixing, the two hue peaks of each 

colour group converge and will eventually fuse at an intermediate position into one 

peak when the colours are perfectly mixed. VOH is considered as the measure of 

colour mixing, and it is significantly associated with the number of chewing cycles. 

The smaller the VOH value, the greater the mixing of the two‐ coloured layers of the 

chewed gum, which in turn means better masticatory performance.  

 

5.3.6.1.2.2 Subjective measure 

 

Participants were asked to complete a short questionnaire on their masticatory 

performance and overall oral health status including oral health related quality of life; 

incorporating the Newcastle Tooth Count Questionnaire (see Appendix 18), and the 

OHIP-14 and QMF questionnaires (see Appendices 9 and 19 respectively). The QMF, 

briefly described in Section 4.1.1.2, is a previously validated questionnaire used to 

assess frequency and difficulty of eating certain foods (522). The OHIP-14, is a 

previously validated tool consisting of 14-items in seven domains relating to oral 

health quality of life including functional limitation, pain and psychological 

discomfort (581). The Newcastle Tooth Count Questionnaire  is a previously validated 

self-complete questionnaire developed for use in primary dental care settings (523), 

http://www.dhal.com/
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and involves individuals counting the number of remaining teeth they have in their 

lower and upper jaws, as well as questions relating to denture use, type of denture and 

how frequently it is used.  

 

5.3.6.2 Information collected during each study visit 

 

5.3.6.2.1 Self-reported appetite measures  

 

To assess self-reported hunger, satiety, fullness, prospective food consumption and 

desire to eat, visual analogue scales (VAS) were used; 100mm in length with words 

anchored at either end to express the most positive and negative ratings (582). 

Participants were asked to complete these ratings three times during the study visit; at 

the beginning of the test session, immediately prior to breakfast consumption and 

immediately after breakfast consumption. In order to prevent the participants 

discovering the true aim of the study, these hunger and satiety ratings were embedded 

in alongside other distractor ratings including how stressed, happy, alert, energetic and 

clear-headed the participant was and were disguised as “Mood Ratings” (see Appendix 

20). Participants were also asked to complete a Positive and Negative Affect Schedule 

(PANAS) questionnaire to assess mood (see Appendix 21).  

 

5.3.6.2.2 Oral processing behaviours 

 

Participants were asked to consume 400kcal of the two breakfast options and eat as 

instructed; to investigate OPBs and how this can impact satiety and food intake later 

in the day. All participants had access to water during the session and were seated at 

a table with a laptop (with a webcam) set up approximately 30cm away, as each 

participant was videoed throughout the session. The researcher left the room whilst 

the participant was eating to avoid influencing eating behaviour. Participants were 

informed prior to the session that they would be recorded whilst eating the breakfast, 

however were not able to see themselves on the camera/video display while being 

recorded and were not formally told the specific OPBs that were being looked for, as 

this may have influenced their eating behaviour. Before each test meal participants 

were given instructions for eating (i.e. to eat as they normally would or as slowly as 

they possibly could) however were not formally told whether the meal was made up 
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of foods classified as either “fast” or “slow” as this may have influenced their eating 

behaviour.  

A behavioural observation software (ELAN 4.9.1, Max Planck Institute for 

Psycholinguistics, The Language Archive, Nijmegen, The Netherlands) was used to 

code the video recordings of the breakfast sessions for OPBs (398,408). Frequencies 

of three key events (bites, chews and swallows) were recorded using a coding scheme 

developed for the software, and the duration of a single continuous event (total oral 

exposure time) was also simultaneously coded. Therefore, only the time spent by the 

food in the mouth was collated to enable accurate oral exposure time measures.  

The amount of time for which the food was in the mouth was collected per bite and 

cumulated across all bites to produce the total oral exposure time (seconds). The grams 

of food consumed were then divided by the total oral exposure time to calculate the 

mean eating rate (grams/second). The total weight of food consumed was divided by 

the number of bites required to consume it to calculate the average bite size. Other 

measures such as chew rate (chews/second), bite rate (bites/second) and chews/bite 

were also calculated. All video coding was completed by a single coder and was 

validated through standard reliability measures by a second trained coder to achieve 

an acceptable range (minimum 80% of agreement).  

 

5.3.6.2.3 Dietary intake  

 

Dietary intake was assessed at four time points (the week of each study visit) using 

four-day food diaries (see Appendix 8) completed by each participant on four non-

consecutive days, so that the day of the study visit, and a weekend day could be 

included. Food diaries were entered into Nutritics, and statistical analysis was 

conducted using SPSS.  
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Table 5.2 Summary of study outcomes and methods of assessment 

 

 

 

 

 

 

Outcome to be assessed Method of assessment Time of assessment  

Height Wall mounted or portable stadiometer (m) Study visit 1 

Weight Digital scales (kg) Study visit 1 

Waist circumference Flexible measuring tape (cm) Study visit 1 

Hip circumference Flexible measuring tape (cm) Study visit 1 

Physical activity General Physical Activity Questionnaire (GPAQ) Study visit 1 

Socio-economic status  Health and lifestyle questionnaire Study visit 1 

Health-related quality of life  SF-36 questionnaire  Study visit 1 

Medication usage  Health and lifestyle questionnaire Study visit 1 

Masticatory 

performance                              

Objective measurement                                      Colour-mixing ability bolus-kneading (chewing gum) test  Study visit 1 

Subjective measurement                                      
Self-report questionnaires- tooth count questionnaire, quality of masticatory 

function questionnaire, oral health-related quality of life questionnaire (OHIP-14)  
Study visit 1 

Oral processing behaviours  

Laptop/webcam setup and behavioural observation software (ELAN 4.9.1, Max 

Planck Institute for Psycholinguistics, The Language Archive, Nijmegen, The 

Netherlands) 

Each study visit 

Appetite, palatability and mood ratings  Visual analogue scale  Each study visit 

Food intake 4-day food diaries Each study visit 

Biological markers of nutritional status  Unstimulated saliva sample collected using the spitting method  Study visits 1 and 4 

Eating behaviours The Adult Eating Behaviour Questionnaire (AEBQ) Study visit 1  
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5.3.7 Sample size and statistical analysis  

 

A total of 24 participants were recruited for the study, allowing for drop-outs to 

achieve the desired number of 21 participants. This sample size was based on the SD 

of the change in fullness from pre-and post-breakfast consumption of 21 from a 

previous study (583) which is likely to overestimate the SD of the difference in the 

change of fullness between breakfasts. The study had over 80% power to detect as 

statistically significant, at the 5% level, a mean difference in change in fullness 

between the slow breakfast (the granola option) eaten slowly and the fast breakfast 

(the fruit compote and yoghurt) eaten normally of 13 units, based upon a paired 

samples t-test. There was similar power for other comparisons.  

Statistical analysis was conducted using SPSS, and a p value of <0.05 was considered 

statistically significant. Repeated measures ANOVAs were conducted to investigate 

if there were differences in self-reported appetite measures at baseline, pre-and post-

consumption, and change in measures between baseline and post-consumption and 

pre-and post-consumption between the four breakfast options. Similar models were 

conducted to explore differences in OPBs between the four breakfast options. Partial 

correlations were performed to find association between OPBs and self-reported 

appetite measures. The following variables required log transformation; eating rate, 

chews per bite, total oral exposure time and chew rate. These are presented as 

geometric means and 95% CI in Table 5.6, and logged versions of the variables are 

used in the partial correlations (seen in Table 5.7 and 5.8, for the associations between 

appetite measures and oral processing behaviours).  

Repeated measures ANOVAs were also conducted to investigate if there were 

differences between energy and nutrient intake post-breakfast consumption, between 

the four breakfast options. Pearson and Spearman’s Rank correlation coefficients were 

used to investigate correlations between intakes of energy and nutrients and oral 

processing behaviours for the four breakfast options. Mean daily intakes of 

carbohydrate and energy required log transformation, and these are presented as 

geometric means and 95% CI in Table 5.9. Pearson correlations were used for the 

majority of the correlations performed. However, Spearman’s Rank correlation 

coefficients were used if both continuous variables to be investigated required log 

transformation, and these included the following associations; between eating rate and 
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energy intake, eating rate and carbohydrate intake, total oral exposure time and energy 

intake, total oral exposure time and carbohydrate intake, chews per bite and energy 

intake, chews per bite and carbohydrate intake, chewing rate and energy intake, and 

chewing rate and carbohydrate intake. The remaining variables included in this 

analysis were normally distributed.  

Pearson’s correlation coefficients were used to assess the degree of correlation 

between the objective chewing gum measure of masticatory performance and the 

subjective questionnaires. Partial correlations were used to investigate associations 

between the subjective questionnaires and the objective measures of masticatory 

performance with the self-reported appetite measures 
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5.4 Results  

 

5.4.1 Descriptive characteristics  

 

24 participants were recruited to take part in this randomised crossover breakfast 

study. 1 participant was excluded from the analysis as they were missing data relating 

to the study’s primary outcome. Descriptive characteristics of the remaining 23 

participants can be seen in Table 5.3.  

 

 

Table 5.3 Descriptive characteristics of study participants  

 

 

 

Baseline Characteristic  

No. of participants  23 

Age (Mean (SD)) 31.1 (8.8) 

Gender 
Male (N (%)) 7 (30.4) 

Female (N (%)) 16 (69.6) 

Ethnicity 

White (N (%)) 19 (82.6) 

Mixed/Multiple ethnic background (N (%)) 1 (4.3) 

Asian (N (%)) 3(13.0) 

Weight (kg) (Mean (SD)) 66.1 (11.5) 

BMI (kg/m
2
) (Mean (SD)) 23.5 (2.8) 

Waist circumference (cm) (Mean (SD)) 78.5 (9.6) 

Hip circumference (cm) (Mean (SD)) 97.2 (5.8) 

Waist hip ratio (Mean (SD)) 0.8 (0.1) 

Highest level of education 

achieved 

A-Level/Leaving certificate/Equivalent (N (%)) 1 (4.3) 

Diploma/Certificate (N (%)) 1 (4.3) 

Primary degree (N (%)) 7 (30.4) 

Postgraduate/Higher degree (N (%)) 14 (60.9) 

Self-reported eating rate 

Relatively slow (N (%)) 2 (8.7) 

Medium (N (%)) 7 (30.4) 

Relatively fast (N (%)) 13 (56.5) 

Very fast (N (%)) 1 (4.3) 

Breakfast eating  

Every day (N (%)) 19 (82.6) 

Most days (N (%)) 3 (13.0) 

Some days (N (%)) 1 (4.3) 

Occupation  

 

Student (N (%)) 10 (43.5) 

In employment (N (%)) 12 (52.2) 

Retired (N (%)) 1 (4.3) 
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5.4.2 Relationship between oral processing behaviours and self-reported appetite 

measures 

 

Self-reported hunger, desire to eat and prospective food consumption significantly 

decreased between baseline and post-consumption, and between pre- and post-

consumption, for each of the four breakfast options (p<0.001 obtained from paired 

sample t test). Self-reported fullness and satiety significantly increased between 

baseline and post-consumption, and between pre- and post-consumption, for all four 

breakfast options (p<0.001 obtained from paired sample t test). These results can be 

seen in Table 5.4.  

Ratings for baseline fullness significantly differed between the groups (p<0.05 

obtained from repeated measures ANOVA) with the granola eaten normally having a 

significantly lower rating when compared to the three other breakfast options.  No 

significant differences in any of the other appetite ratings investigated were observed 

between the four breakfast options at baseline, pre-consumption or post-consumption 

(p>0.05). Similarly, no significant differences in change in appetite rating (between 

baseline and post-consumption, or between pre-consumption and post-consumption) 

were observed between the four breakfast options (p>0.05).  These results can be seen 

in Tables 5.4 and 5.5.  
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Table 5.4 Self-reported appetite measure at each time-point for the four breakfast options  

 

Self-reported appetite 

measure 
Time point 

Breakfast Option  

 

P value 
Yoghurt Granola 

Normal 

(Nmax=23) 

Slow 

(Nmax=23) 

Normal 

(Nmax=23) 

Slow 

(Nmax=23) 

Hunger 

Baseline 72.1 (16.1) 65.5 (18.1) 68.0 (24.5) 75.6 (21.4) 0.3 

Pre-consumption 71.0 (23.9) 68.5 (19.4) 75.3 (23.5) 76.6 (19.5) 0.2 

Post-consumption 29.5 (21.5)1,2  26.8 (22.6)1,2 31.1 (20.9)1,2 26.7 (22.0)1,2 0.7 

Fullness 

Baseline 22.9 (13.5) 25.9 (16.5) 16.7 (11.5) 21.4 (14.6) <0.05*3 

Pre-consumption 24.6 (18.8) 29.5 (18.7) 19.4 (16.7) 22.4 (18.2)1,2 0.1 

Post-consumption 71.4 (15.8)1,2 70.9 (16.7)1,2 69.6 (12.5)1,2 69.2 (17.5) 0.9 

Satiety 

Baseline 48.5 (22.9) 46.6 (22.2) 49.1 (18.4) 51.2 (23.8) 0.8 

Pre-consumption 53.0 (22.1) 48.4 (23.6) 51.7 (24.7) 44.4 (24.8) 0.1 

Post-consumption 68.7 (18.9)1,2 70.3 (11.0)1,2 69.3 (11.8)1,2 71.7 (12.0)1,2 0.8 

Desire to eat 

Baseline 71.1 (18.3) 69.8 (16.1) 69.9 (21.0) 78.2 (20.7) 0.4 

Pre-consumption 77.2 (16.6) 69.5 (20.0) 76.2 (17.6) 78.6 (17.1) 0.11 

Post-consumption 29.9 (24.4)1,2 25.8 (22.7)1,2 31.9 (22.7)1,2 27.4 (22.4)1,2 0.5 

Prospective food 

consumption  

Baseline 76.2 (16.8) 71.2 (19.9) 76.6 (16.3) 75.1 (15.9) 0.6 

Pre-consumption 75.6 (19.0) 72.1 (20.3) 79.5 (14.6) 76.7 (18.6) 0.2 

Post-consumption 33.6 (25.8)1,2 31.1 (24.0)1,2 33.6 (22.6)1,2 31.7 (24.4)1,2 0.83 
Results presented as Mean (SD). *p<0.05 obtained from repeated measures ANOVA with sphericity assumed. 1p<0.05 obtained from paired sample t test for comparison of baseline and post-consumption. 
2p<0.05 obtained from paired sample t test for comparison of pre- and post-consumption. 3p value obtained from repeated measures ANOVA with Greenhouse-Geisser test. 
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Table 5.5 Change in self-reported appetite measures at each time-point for the four breakfast options  

 

 Results presented as Mean (SD). *p<0.05 obtained from repeated measures ANOVA with sphericity assumed. 1p value obtained from repeated measures ANOVA with Greenhouse-Geisser test.  

 

 

 

 

 

 

Self-reported 

appetite measure 

Change in self-reported appetite 

measure 

Breakfast Option 

 

P value  

Yoghurt Granola 

Normal 

(Nmax=23) 

Slow 

(Nmax=23) 

Normal 

(Nmax=23) 

Slow 

(Nmax=23) 

Hunger 
Baseline to Post-consumption -42.6 (20.8) -38.9 (24.2) -36.1(26.9) -49.0 (27.6) 0.2 

Pre-consumption to Post-consumption -41.6 (27.2) -42.2 (27.1) -44.2 (28.5) -49.9 (28.9) 0.5 

Fullness 
Baseline to Post-consumption 48.1 (21.8) 42.4 (21.2) 51.8 (16.9) 44.8 (22.5) 0.2 

Pre-consumption to Post-consumption 46.8 (25.1) 41.4 (23.1) 50.2 (23.1) 46.7 (21.7) 0.4 

Satiety 
Baseline to Post-consumption 18.8 (21.5) 22.2 (28.1) 19.5 (20.7) 20.6 (24.0) 0.9 

Pre-consumption to Post-consumption 15.6 (21.5) 22.0 (25.3) 17.6 (26.5) 27.3 (25.2) 0.1 

Desire to eat 
Baseline to Post-consumption -42.0 (30.2) -44.6 (21.4) -40.7 (27.5) -51.5 (30.3) 0.4 

Pre-consumption to Post-consumption -41.9 (29.2) -42.4 (22.8) -41.0 (26.7) -41.0 (26.7) 0.6 

Prospective food 

consumption  

Baseline to Post-consumption -42.6 (23.8) -39.3 (27.0) -41.9 (25.8) -43.5 (26.4) 0.9 

Pre-consumption to Post-consumption -47.1 (27.5) -43.6 (25.8) -45.3 (26.5) -50.7 (27.4) 0.8 
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The OPBs for each of the four breakfast options can be observed in Table 5.6. 

Significant differences were observed between the four breakfast options for eating 

rate (grams/second), chews per bite and bite rate (seconds); with the granola eaten 

slowly having a slower eating rate, a greater number of chews per bite, and a slower 

bite rate when compared to the other three breakfast options (p<0.001 obtained from 

repeated measures ANOVA).  

The granola eaten slowly option had a smaller average bite size when compared to the 

yoghurt option eaten normally and slowly (p<0.001 obtained from repeated measures 

ANOVA). The granola option eaten normally also had a smaller average bite size 

when compared to the yoghurt option eaten normally (p<0.001 obtained from repeated 

measures ANOVA). The granola option eaten normally had a higher chew rate when 

compared to the three other breakfast options (p<0.001 obtained from repeated 

measures ANOVA). The granola option eaten slowly had a longer total oral exposure 

time when compared to the three other breakfast options, and the granola option eaten 

normally and the yoghurt option eaten slowly both had a longer total oral exposure 

time compared to the yoghurt option eaten normally (p<0.001 obtained from repeated 

measures ANOVA. 
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Table 5.6 Oral processing behaviours for the four breakfast options  

 

Oral Processing Behaviour 

Breakfast Option 

P value  
Yoghurt eaten 

normally 

(Nmax=23) 

Yoghurt eaten 

slowly 

(Nmax=23) 

Granola eaten 

normally 

(Nmax=23) 

Granola eaten 

slowly 

(Nmax=23) 

Eating rate1  

(grams/second) 
1.1 (0.9, 1.3) 0.8 (0.66, 0.9) 0.6 (0.5, 0.7) 0.4 (0.4, 0.5) <0.001a 

Average bite size  

(grams) 
13.6 (4.0) 12.7 (3.5) 11.6 (2.4) 11.0 (2.9) <0.001c,d,f 

Chews per bite1 

 
15.0 (12.3, 17.8) 19.0 (15.3, 22.7) 28.4 (23.0, 33.7) 32.2 (26.5, 37.9) <0.0012,a 

Total oral exposure time1  

(seconds) 
239.6 (200.5, 278.7) 339.7 (285.8, 393.6) 343.0 (284.3, 401.8) 492.0 (404.1, 579.9) <0.001b,c,d,f,g 

Bite rate  

(seconds) 
0.1 (0.0) 0.1 (0.0) 0.1 (0.0) 0.0 (0.0) <0.001a 

Chew rate1  

(seconds) 
1.1 (1.1, 1.2) 1.1 (1.0, 1.2) 1.3 (1.2, 1.4) 1.1 (1.1, 1.2) <0.0012c,e,g 

Results presented as Mean (SD). *p<0.05 obtained from repeated measures ANOVA with sphericity assumed.  1variable was logged transformed and presented as geometric mean (95% 

CI). 2p value obtained from repeated measures ANOVA with Greenhouse-Geisser test. asignificant difference between all groups, bsignificant difference between the yoghurt eaten 

normally and the yoghurt eaten slowly, csignificant difference between the yoghurt eaten normally and the granola eaten normally, dsignificant difference between the yoghurt eaten 

normally and the granola eaten slowly, esignificant difference between the yoghurt eaten slowly and the granola eaten normally, fsignificant difference between the yoghurt eaten slowly 

and the granola eaten slowly, gsignificant difference between the granola eaten normally and the granola eaten slowly.  
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Associations between OPBs and post-meal consumption self-reported appetite ratings 

and change in self-reported appetite measures between baseline and post-consumption 

and pre-and post-consumption can be seen in Tables 5.7 and 5.8. As baseline levels of 

fullness significantly differed between the four breakfast options, this was controlled 

for in all further analyses.  

A positive association was observed between chewing rate and hunger post-

consumption for the yoghurt eaten normally (p<0.05 obtained from partial 

correlation). Significant positive associations were also observed between bite rate and 

post-consumption ratings of prospective food consumption for the two granola 

breakfast options (p<0.05 obtained from partial correlation). For the granola option 

eaten slowly a significant positive association was also observed between post-

consumption prospective food consumption and eating rate, and a negative association 

was observed between post-consumption prospective food consumption and chews 

per bite (p<0.05 obtained from partial correlation).  

For the yoghurt option eaten normally, a significant negative association was observed 

between chew rate and change in hunger between baseline and post-consumption 

(p<0.05 obtained from partial correlation).  

For the yoghurt option eaten slowly, negative associations were observed between 

eating rate and change in desire to eat between baseline and post-consumption, and  

between bite rate and change in desire to eat between baseline and post-consumption 

(p<0.05 obtained from partial correlation). A positive association was observed 

between change in desire to eat between baseline and post-consumption and chews 

per bite (p<0.05 obtained from partial correlation).  

For the granola option eaten normally, positive associations were observed between 

change in desire to eat between baseline and post-consumption and eating rate and bite 

rate, and between change in prospective food consumption between baseline and post-

consumption and bite rate (p<0.05 obtained from partial correlation). A negative 

association was observed between change in desire to eat between baseline and post-

consumption and chews per bite (p<0.05 obtained from partial correlation). Positive 

associations were observed between eating rate and bite rate and change in desire to 

eat between pre- and post-consumption, and between bite rate and change in 

prospective food consumption between pre- and post-consumption (p<0.05 obtained 
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from partial correlation). A significant negative association was observed between 

chews per bite and change in prospective food consumption between pre- and post-

consumption (p<0.05 obtained from partial correlation).  

For the granola option eaten slowly, a significant positive association was observed 

between chew rate and change in hunger between pre- and post-consumption (p<0.05 

obtained from partial correlation). No other significant associations between OPBs 

and self-reported appetite measures were observed.  
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Table 5.7 Associations between oral processing behaviours and post-consumption self-reported appetite measures  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

 

 

 

 

 

 

Oral Processing 

Behaviour 

Post-consumption self-reported appetite measures 

Yoghurt eaten normally 

(Nmax=23) 

Hunger Fullness Satiety Desire to eat 
Prospective food 

consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
0.21 0.38 -0.15 0.53 0.22 0.36 0.27 0.25 0.33 0.16 

Total oral exposure time1 

(seconds) 
-0.04 0.88 0.11 0.63 0.00 0.99 -0.17 0.48 -0.15 0.54 

Average bite size  

(grams) 
-0.07 0.77 -0.06 0.79 0.22 0.35 0.04 0.85 0.23 0.32 

Bite rate  

(seconds) 
0.32 0.17 -0.16 0.50 0.02 0.95 0.30 0.20 0.19 0.42 

Chews per bite1 

 
-0.12 0.62 -0.02 0.94 -0.08 0.75 -0.11 0.64 0.00 1.00 

Chew rate1  

(seconds) 
0.47 0.04* -0.44 0.06 -0.16 0.51 0.43 0.06 0.44 0.05 
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Table 5.7 (cont.) Associations between oral processing behaviours and post-consumption self-reported appetite measures  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

 

 

Oral Processing 

Behaviour 

Post-consumption self-reported appetite measures 

Yoghurt eaten slowly 

(Nmax=23) 

Hunger Fullness Satiety Desire to eat 
Prospective food 

consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
0.06 0.80 0.07 0.77 0.10 0.65 -0.07 0.76 -0.02 0.95 

Total oral exposure time1  

(seconds) 
0.02 0.94 -0.16 0.49 -0.20 0.38 0.17 0.44 0.08 0.71 

Average bite size  

(grams) 
0.03 0.89 0.06 0.79 -0.01 0.97 0.04 0.86 -0.09 0.70 

Bite rate  

(seconds) 
0.03 0.88 0.05 0.82 0.13 0.57 -0.16 0.47 0.00 1.00 

Chews per bite1 

 
0.16 0.47 -0.20 0.37 -0.28 0.21 0.18 0.43 0.09 0.70 

Chew rate1  

(seconds) 
0.32 0.15 -0.29 0.19 -0.29 0.19 0.12 0.61 0.19 0.39 
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Table 5.7 (cont.) Associations between oral processing behaviours and post-consumption self-reported appetite measures  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

 

 

 

 

 

 

Oral Processing 

Behaviour 

Post-consumption self-reported appetite measures 

Granola eaten normally 

(Nmax=23) 

Hunger Fullness Satiety Desire to eat 
Prospective food 

consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
-0.08 0.76 -0.11 0.66 0.04 0.86 0.26 0.30 0.49 0.04* 

Total oral exposure time1  

(seconds) 
0.18 0.47 0.02 0.93 -0.10 0.67 -0.13 0.61 -0.33 0.16 

Average bite size  

(grams) 
-0.19 0.45 0.21 0.40 0.27 0.27 -0.08 0.74 -0.15 0.55 

Bite rate  

(seconds) 
0.02 0.94 -0.32 0.19 -0.18 0.45 0.34 0.17 0.72 <0.001* 

Chews per bite1 

 
0.04 0.87 0.25 0.30 0.25 0.30 -0.28 0.27 -0.57 0.01* 

Chew rate1  

(seconds) 
0.25 0.31 -0.01 0.97 0.28 0.24 0.102 0.69 -0.01 0.98 
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Table 5.7 (cont.) Associations between oral processing behaviours and post-consumption self-reported appetite measures  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

Oral Processing 

Behaviour 

Post-consumption self-reported appetite measures 

Granola eaten slowly 

(Nmax=23) 

Hunger Fullness Satiety Desire to eat 
Prospective food 

consumption 

R value  P value  R value  P value  R value  P value  R value  P value  R value  P value  

Eating rate1  

(grams/second) 
-0.01 0.96 -0.06 0.80 0.01 0.96 0.28 0.22 0.37 0.09 

Total oral exposure time1  

(seconds) 
0.04 0.87 0.07 0.76 -0.05 0.84 -0.11 0.65 -0.28 0.21 

Average bite size  

(grams) 
-0.26 0.25 0.07 0.76 0.11 0.63 -0.02 0.95 -0.05 0.82 

Bite rate  

(seconds) 
0.21 0.36 -0.09 0.68 -0.07 0.75 0.36 0.11 0.56 0.01* 

Chews per bite1 

 
-0.01 0.98 0.06 0.79 -0.11 0.64 -0.17 0.46 -0.40 0.07 

Chew rate1  

(seconds) 
0.40 0.07 -0.10 0.67 -0.42 0.05 0.36 0.11 0.16 0.47 
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Table 5.8 Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

 

 

 

 

 

 

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between baseline and post-consumption 

Yoghurt eaten normally 

(Nmax=23) 

Hunger Fullness Satiety Desire to eat Prospective food consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
0.13 0.60 -0.15 0.53 0.24 0.31 0.22 0.36 0.13 0.59 

Total oral exposure time1  

(seconds) 
0.01 0.97 0.11 0.63 -0.32 0.17 -0.18 0.45 -0.11 0.63 

Average bite size  

(grams) 
0.17 0.48 -0.06 0.79 0.21 0.37 0.19 0.43 0.20 0.40 

Bite rate  

(seconds) 
-0.02 0.93 -0.16 0.50 0.08 0.73 0.14 0.57 0.02 0.92 

Chews per bite1 

 
0.20 0.40 -0.02 0.94 -0.19 0.42 0.03 0.90 0.11 0.65 

Chew rate1  

(seconds) 
0.45 0.05* -0.44 0.06 -0.31 0.19 0.35 0.13 0.27 0.26 
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Table 5.8 (cont.) Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

 

 

 

 

 

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between pre- and post-consumption   

Yoghurt eaten normally  

(Nmax=23) 

Hunger Fullness Satiety Desire to eat  Prospective food consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
0.26 0.27 0.10 0.67 0.46 0.04* 0.27 0.25 0.28 0.24 

Total oral exposure time1  

(seconds) 
-0.30 0.20 -0.09 0.72 -0.33 0.15 -0.23 0.34 -0.21 0.37 

Average bite size  

(grams) 
0.05 0.84 -0.08 0.75 0.23 0.33 0.17 0.48 0.20 0.39 

Bite rate  

(seconds) 
0.29 0.21 0.13 0.60 0.27 0.24 0.22 0.35 0.15 0.54 

Chews per bite1 

 
-0.18 0.44 -0.26 0.27 -0.34 0.14 -0.02 0.93 0.01 0.96 

Chew rate1  

(seconds) 
0.19 0.43 -0.35 0.13 -0.22 0.35 0.43 0.06 0.35 0.13 
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Table 5.8 (cont.) Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05. 

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between baseline and post-consumption 

Yoghurt eaten slowly  

(Nmax=23) 

Hunger Fullness Satiety Desire to eat Prospective food consumption 

R value P value  R value P value  R value P value  R value P value  R value P value  

Eating rate1  

(grams/second) 
-0.25 0.26 0.07 0.77 0.15 0.50 -0.46 0.03* -0.38 0.08 

Total oral exposure time1  

(seconds) 
0.15 0.49 -0.16 0.49 -0.21 0.35 0.42 0.06 0.32 0.14 

Average bite size  

(grams) 
-0.10 0.65 0.06 0.79 -0.06 0.79 -0.08 0.71 -0.27 0.22 

Bite rate  

(seconds) 
-0.12 0.60 0.05 0.82 0.23 0.32 -0.42 0.05* -0.17 0.45 

Chews per bite1 

 
0.33 0.13 -0.20 0.37 -0.32 0.15 0.49* 0.02 0.34 0.12 

Chew rate1  

(seconds) 
0.27 0.23 -0.29 0.19 -0.20 0.38 0.13 0.58 0.27 0.22 
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Table 5.8 (cont.) Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

 

 

 

 

 

 

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between pre- and post-consumption  

Yoghurt eaten slowly  

(Nmax=23) 

Hunger Fullness Satiety Desire to eat  Prospective food consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
-0.21 0.34 0.17 0.44 0.18 0.41 -0.40 0.06 -0.36 0.10 

Total oral exposure time1  

(seconds) 
0.19 0.39 -0.22 0.33 -0.17 0.46 0.34 0.12 0.37 0.09 

Average bite size  

(grams) 
-0.07 0.76 0.18 0.44 -0.15 0.49 -0.12 0.59 -0.16 0.48 

Bite rate  

(seconds) 
-0.14 0.54 0.09 0.70 0.33 0.14 -0.33 0.13 -0.29 0.20 

Chews per bite1 

 
0.37  0.09 -0.25 0.26 -0.38 0.09 0.37 0.09 0.41 0.06 

Chew rate1  

(seconds) 
0.34 0.12 -0.32 0.15 -0.13 0.56 0.09 0.70 0.23 0.30 
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Table 5.8 (cont.) Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between baseline and post-consumption 

Granola eaten normally 

(Nmax=23) 

Hunger Fullness Satiety Desire to eat Prospective food consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
0.01 0.97 -0.11 0.66 -0.15 0.53 0.51 0.03* 0.26 0.27 

Total oral exposure time1  

(seconds) 
0.07 0.77 0.02 0.93 0.03 0.90 -0.39 0.11 -0.18 0.45 

Average bite size  

(grams) 
-0.15 0.55 0.21 0.40 0.17 0.50 0.15 0.55 -0.15 0.55 

Bite rate  

(seconds) 
0.19 0.44 -0.32 0.19 -0.36 0.13 0.56 0.02* 0.51 0.03* 

Chews per bite1 

 
-0.06 0.79 0.25 0.30 0.21 0.39 -0.48 0.05* -0.41 0.09 

Chew rate1  

(seconds) 
0.14 0.58 -0.01 0.97 -0.18 0.47 -0.14 0.57 -0.13 0.60 
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Table 5.8 (cont.) Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05. 

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between pre- and post-consumption 

Granola eaten normally  

(Nmax=23) 

Hunger Fullness Satiety Desire to eat Prospective food consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
0.06 0.80 0.02 0.93 -0.21 0.39 0.55 0.02* 0.41 0.08 

Total oral exposure time1  

(seconds) 
0.03 0.90 -0.10 0.70 0.13 0.61 -0.43 0.08 -0.31 0.20 

Average bite size  

(grams) 
-0.06 0.82 0.28 0.25 0.03 0.90 0.16 0.53 -0.13 0.59 

Bite rate  

(seconds) 
0.16 0.53 -0.23 0.35 -0.31 0.20 0.02 0.02* 0.63 0.01* 

Chews per bite1 

 
0.01 0.99 0.25 0.30 0.27 0.27 -0.46 0.06 -0.48 0.04* 

Chew rate1  

(seconds) 
0.30 0.22 0.19 0.44 0.06 0.80 -0.02 0.93 -0.01 0.97 
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Table 5.8 (cont.) Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05. 

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between baseline and post-consumption 

Granola eaten slowly  

(Nmax=23) 

Hunger Fullness Satiety Desire to eat Prospective food consumption 

R value P value R value P value R value P value R value P value R value P value 

Eating rate1  

(grams/second) 
-0.09 0.69 -0.06 0.80 0.15 0.50 0.17 0.46 0.08 0.74 

Total oral exposure time1  

(seconds) 
-0.01 0.96 0.07 0.76 -0.11 0.63 -0.08 0.72 -0.08 0.74 

Average bite size  

(grams) 
-0.11 0.62 0.07 0.76 0.27 0.22 0.06 0.80 -0.16 0.47 

Bite rate  

(seconds) 
-0.02 0.94 -0.09 0.68 -0.12 0.61 0.19 0.42 0.29 0.19 

Chews per bite1 

 
0.19 0.41 0.06 0.79 -0.10 0.68 -0.06 0.80 -0.18 0.44 

Chew rate1  

(seconds) 
0.42 0.05 -0.10 0.67 -0.41  0.06 0.29 0.21 0.17 0.46 
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Table 5.8 (cont.) Associations between oral processing behaviours and change in self-reported appetite measures between baseline and post-

consumption and pre- and post-consumption  

 

Results presented as R value from partial correlation, controlled for baseline fullness. 1values log10 transformed, *p value<0.05.  

 

 

 

 

 

 

Oral Processing 

Behaviour 

Changes in self-reported appetite measures 

Between pre- and post-consumption 

Granola eaten slowly  

(Nmax=23) 

Hunger Fullness Satiety Desire to eat Prospective food consumption 

R value P value  R value P value  R value P value  R value P value  R value P value  

Eating rate1  

(grams/second) 
-0.07 0.75 0.11 0.62 0.29 0.20 0.04 0.87 0.00 1.00 

Total oral exposure time1  

(seconds) 
-0.03 0.89 -0.08 0.73 -0.27 0.23 0.00 0.99 -0.05 0.83 

Average bite size  

(grams) 
-0.07 0.75 0.26 0.24 0.20 0.38 -0.11 0.65 -0.16 0.47 

Bite rate  

(seconds) 
-0.02 0.93 -0.01 0.95 0.08 0.74 0.17 0.47 0.19 0.39 

Chews per bite1 

 
0.21 0.34 -0.02 0.94 -0.21 0.34 0.01 0.98 -0.09 0.68 

Chew rate1  

(seconds) 
0.47* 0.03 -0.15 0.50 -0.28 0.21 0.39 0.08 0.16 0.48 
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5.4.3 Relationship between oral processing behaviours and energy and nutrient 

intake later in the day 

 

Intakes of energy and nutrients (carbohydrate, protein and fat), consumed later in the 

day after consumption of each breakfast option, can be seen in Table 5.9. There were 

no significant differences observed (p>0.05 obtained from repeated measures 

ANOVA).  

Associations between these intakes of energy and nutrients and OPBs obtained from 

Pearson’s or Spearman’s Rank correlation coefficients can be observed in Table 5.10.  

For the yoghurt option eaten normally, significant positive associations were observed 

between average bite size and intakes of carbohydrate and between eating rate and 

carbohydrate intake (p<0.05). No other associations between nutrient or energy intake 

and OPBs were observed for the other breakfast options.   
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Table 5.9 Intakes of energy and nutrients later in the day after consuming each breakfast option 

 

 

 

Results presented as Mean (SD). p value obtained from repeated measures ANOVA with sphericity assumed. 1p value obtained from repeated measures ANOVA with Greenhouse-Geisser 

test. *values log10 transformed and presented as geometric mean (95% CI). 

 

Breakfast Option 

Intake on test day 

Energy*  

(kcal) 

Carbohydrate*  

(grams) 

Fat  

(grams) 

Protein  

(grams) 

Yoghurt eaten normally 

(Nmax=23) 
1481.5 (1265.1, 1698.0) 163.4 (130.9, 195.8) 59.1 (25.8) 69.9 (24.0) 

Yoghurt eaten slowly 

(Nmax=22) 
1615.0 (1336.6, 1893.3) 162.8 (129.8, 195.8) 70.6 (35.8) 66.0 (24.7) 

Granola eaten normally 

(Nmax=23) 
1364.6 (1112.7, 1616.6) 144.3 (119.4, 169.2) 57.0 (39.9) 58.6 (26.9) 

Granola eaten slowly 

 (Nmax=23) 
1516.7 (1215.9, 1817.6) 163.9 (129.3, 198.7) 64.4 (38.2) 63.9 (29.4) 

P value 0.21 0.5 0.3 0.3 
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Table 5.10 Associations between oral processing behaviours and energy and nutrient intake  

 

Results presented as R values from Pearson’s correlation coefficient. p values obtained from Pearson correlation coefficient. 1values log10 transformed, 2results presented as R value from Spearman’s Rank correlation 

coefficient, and p value obtained from Spearman’s Rank correlation. *p value<0.05. 

 

Oral Processing 

Behaviour 

Energy and nutrient intake 

Yoghurt eaten normally 

(Nmax=23) 

Yoghurt eaten slowly 

(Nmax=22) 

Energy 

(kcal)1 

Carbohydrate 

(grams)1 

Protein 

(grams)  

Fat 

(grams) 

Energy 

(kcal)1 

Carbohydrate 

(grams)1 

Protein 

(grams)  

Fat 

(grams) 

R value P value  R value P value  R value P value  R value P value  R value P value  R value P value  R value P value  R value P value  

Eating rate1  

(grams/second) 
0.362 0.09 0.422* 0.05 -0.09 0.68 0.31 0.15 0.262 0.24 0.322 0.14 0.06 0.78 0.23 0.30 

Total oral 

exposure time1  

(seconds) 

-0.362 0.09 -0.342 0.12 -0.14 0.51 -0.32 0.14 -0.382 0.08 -0.362 0.10 -0.29 0.19 -0.31 0.16 

Average bite size  

(grams) 
0.26 0.23 0.47* 0.02 -0.23 0.30 0.15 0.49 0.20 0.38 0.07 0.77 0.31 0.16 0.24 0.28 

Bite rate  

(seconds) 
0.26 0.23 0.14 0.53 0.13 0.56 0.23 0.29 0.24 0.28 0.42 0.05 -0.08 0.72 0.13 0.57 

Chews per bite1 
-0.172 0.43 -0.072 0.76 -0.23 0.30 -0.22 0.31 -0.202 0.37 -0.342 0.12 0.06 0.79 -0.12 0.59 

Chew rate1  

(seconds) 
-0.172 0.43 -0.102 0.64 -0.29 0.18 -0.08 0.72 -0.012 0.97 0.092 0.68 -0.15 0.50 -0.05 0.81 
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Table 5.10 (cont.) Associations between oral processing behaviours and energy and nutrient intake  

 

Results presented as R values from Pearson’s correlation coefficient. p values obtained from Pearson correlation coefficient. 1values log10 transformed, 2results presented as r value from Spearman’s Rank 

correlation coefficient, and p value obtained from Spearman’s Rank correlation. *p value<0.05.  

 

Oral Processing 

Behaviour 

Energy and nutrient intake 

Granola eaten normally 

(Nmax=23) 

Granola eaten slowly 

(Nmax=23) 

Energy 

(kcal)1 

Carbohydrate 

(grams)1 

Protein 

(grams)  

Fat 

(grams) 

Energy 

(kcal)1 

Carbohydrate 

(grams)1 

Protein 

(grams)  

Fat 

(grams) 

R value P value  R value P value  R value P value  R value P value  R value P value  R value P value  R value P value  R value P value  

Eating rate1  

(grams/second) 
0.062 0.77 0.082 0.72 -0.08 0.73 0.22 0.31 0.202 0.36 0.342 0.11 -0.004 0.98 0.23 0.29 

Total oral 

exposure time1  

(seconds) 

 -0.162 0.46 -0.112 0.60 0.06 0.77 -0.37 0.08 -0.102 0.65 -0.272 0.21 0.03 0.89 -0.21 0.35 

Average bite size  

(grams) 
0.07 0.75 0.14 0.53 -0.12 0.58 0.18 0.40 0.35 0.11 0.35 0.10 0.06 0.77 0.34 0.11 

Bite rate  

(seconds) 
0.19 0.39 0.07 0.74 0.02 0.91 0.22 0.31 0.07 0.76 0.11 0.61 -0.02 0.93 0.04 0.86 

Chews per bite1 

 
-0.082 0.72 -0.08 2 0.72 -0.03 0.88 -0.13 0.54 0.042 0.86 -0.102 0.65 0.01 0.97 -0.11 0.62 

Chew rate1  

(seconds) 
-0.062 0.77 -0.132 0.55 -0.09 0.68 -0.07 0.75 -0.192 0.39 -0.202 0.36 -0.00 0.99 -0.23 0.28 
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5.4.4 Relationship between objective and subjective masticatory performance 

evaluation methods, oral health related quality of life and self-reported appetite 

measures  

 

Dental health characteristics, assessed using the Newcastle Tooth Count 

Questionnaire, can be observed in Table 5.11. The mean number of teeth in both the 

upper and lower jaw was 14.57, and none of the participants wore an upper or lower 

complete or partial denture.  

 

 

Table 5.11 Results from the Newcastle Tooth Count questionnaire  

 

 

 

 

 

 

 

 

 

Results from the objective (VOH), subjective (QMF questionnaire) and OHIP-14 can 

be observed in Table 5.12. Associations between these methods can be observed in 

Table 5.13. There was no significant correlation observed between the objective 

measurement of masticatory performance, VOH, obtained from a two-colour chewing 

gum test, and the total score obtained from the QMF questionnaire (p>0.05 obtained 

from Pearson correlation). Similarly, no significant correlations were observed 

between VOH and the OHIP-14 (p>0.05 obtained from Pearson correlation).  

 

 

Dental Health Characteristic   

Number of teeth in the upper jaw (Mean (SD)) 14.57 (1.08) 

Number of teeth in the lower jaw (Mean (SD)) 14.57 (0.90) 

Missing any back teeth in the 

upper jaw  

Yes (N (%)) 6 (26.1%) 

No (N (%)) 17 (73.9%) 

Missing any back teeth in the 

lower jaw 

Yes (N (%)) 4 (17.4%) 

No (N (%)) 19 (82.6%) 
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Table 5.12 Subjective and objective methods of evaluating masticatory performance 

and oral health-related quality of life  

 

Evaluation method   

Objective VOH 0.19 (0.11) 

Subjective QMF  16.52(4.33) 

Oral health related quality of life OHIP-14 5.65 (4.91) 
Results presented as Mean (SD). VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- 

oral health index profile, QMF- Quality of Masticatory Function total score. 

 

 

 

Table 5.13 Associations between objective and subjective methods of evaluating 

masticatory performance and oral health related quality of life 

 

Results presented as R value from Pearson correlation coefficients. *P value<0.05. VOH- variance of hue, obtained from two-

colour chewing gum test. OHIP-14- oral health index profile, QMF- Quality of Masticatory Function total score. 

 

 

Significant positive associations were observed between QMF score and post 

consumption satiety ratings for the yoghurt breakfast eaten normally (r=0.51, p 

value<0.05 obtained from partial correlation), and between post-consumption fullness 

ratings and VOH score for the granola option eaten slowly (r=0.46, p value<0.05 

obtained from partial correlation). These results can be seen in Table 5.14. No other 

associations were observed between methods of measuring masticatory performance 

and post-consumption appetite measures (p>0.05)  

Significant positive associations were observed between VOH and change in fullness 

both between baseline and post-consumption and pre- and post-consumption, and 

between VOH and post-consumption fullness for the granola eaten slowly (p=0.03, 

0.02 and 0.03 respectively obtained from partial correlation). A significant association 

was also observed between post-consumption satiety and QMF score for the yoghurt 

 

VOH OHIP-14 

 

QMF 

 

R value P value R value P value R value P value 

VOH - - 0.04 0.88 0.01 0.98 

OHIP-14 0.04 0.88 - - -0.08 0.75 

QMF   0.01 0.98 -0.08 0.75 - - 
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eaten slowly (p=0.02 obtained from partial correlation). No other associations between 

methods of measuring masticatory performance and change in appetite measures were 

observed (p>0.05).  
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Table 5.14 Associations between methods of evaluating masticatory performance and oral health related quality of life and post-

consumption self-reported appetite measures 

 

 

 

 

 

 

 

 

 

 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health 
index profile, QMF- Quality of Masticatory Function total score.  

 

 

 

 

 

 

 Post consumption appetite measures  

Yoghurt eaten normally 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value  P value  R value  P value  R value  P value  R value  P value  R value  P value  

VOH  -0.23 0.34 0.02 0.95 -0.29 0.21 0.11 0.63 -0.16 0.52 

OHIP-14 0.02 0.95 -0.17 0.51 -0.09 0.72 0.02 0.95 0.08 0.75 

QMF  -0.08 0.74 0.04 0.85 0.51 0.02* 0.06 0.80 0.01 0.96 
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Table 5.14 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and post-

consumption self-reported appetite measures 

 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health 
index profile, QMF- Quality of Masticatory Function total score.  

 

 

 

 

 

 

 

 Post consumption appetite measures 

Yoghurt eaten slowly 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  -0.05 0.82 -0.03 0.89 -0.02 0.93 0.03 0.89 0.01 0.98 

OHIP-14 0.24 0.33 -0.11 0.66 0.00 1.00 0.29 0.22 0.30 0.21 

QMF  0.26 0.24 -0.24 0.29 -0.27 0.23 0.11 0.64 0.41 0.06 
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Table 5.14 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and post-

consumption self-reported appetite measures 

 
 

 

 

 

 

 

 

 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health 
index profile, QMF- Quality of Masticatory Function total score.

 Post consumption appetite measures 

Granola eaten normally 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.04 0.87 0.14 0.57 0.17 0.48 -0.12 0.62 -0.10 0.69 

OHIP-14 0.13 0.64 0.20 0.47 0.07 0.81 0.21 0.43 0.03 0.92 

QMF  -0.28 0.25 -0.26 0.29 -0.26 0.28 0.28 0.25 -0.05 0.83 
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Table 5.14 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and post-

consumption self-reported appetite measures 

 

 
 

 

 

 

 

 

 

 

 

 

 
Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health index 
profile, QMF- Quality of Masticatory Function total score.  

 

 

 Post consumption appetite measures 

Granola eaten slowly 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.01 0.96 0.46 0.03* 0.02 0.93 -0.13 0.55 -0.09 0.69 

OHIP-14 0.13 0.61 0.11 0.65 0.08 0.73 -0.03 0.89 0.06 0.82 

QMF  -0.04 0.87 -0.22 0.34 0.10 0.67 -0.11 0.63 -0.08 0.73 
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Table 5.15 Associations between methods of evaluating masticatory performance and oral health related quality of life and change in 

self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   
 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health 
index profile, QMF- Quality of Masticatory Function total score. 

 

 

 

 

 

 

 

 Change between baseline and post-consumption 

Yoghurt Eaten Normally  

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.28 0.24 0.02 0.95 -0.29 0.21 0.30 0.21 -0.10 0.68 

OHIP-14 -0.12 0.63 -0.17 0.51 -0.33 0.18 0.04 0.86 0.03 0.90 

QMF  0.02 0.95 0.04 0.85 0.19 0.43 0.09 0.71 0.17 0.47 
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Table 5.15 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and change 

in self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   
 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health 
index profile, QMF- Quality of Masticatory Function total score. 

 

 

 

 

 

 

 

 Change between pre- and post-consumption 

Yoghurt Eaten Normally  

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  -0.13 0.58 -0.25 0.29 -0.21 0.39 0.19 0.44 -0.08 0.75 

OHIP-14 0.09 0.74 0.07 0.82 -0.11 0.68 0.09 0.71 0.07 0.79 

QMF  -0.09 0.71 -0.11 0.64 0.00 1.00 0.02 0.94 0.14 0.57 
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Table 5.15 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and change in 

self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   
 

 

 

 

 

 

 

 

 

 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health index 
profile, QMF- Quality of Masticatory Function total score. 

 

 

 Change between baseline and post-consumption 

Yoghurt Eaten Slowly 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.18 0.43 -0.03 0.89 -0.05 0.83 0.24 0.29 0.33 0.14 

OHIP-14 -0.10 0.69 -0.11 0.66 -0.42 0.07 0.15 0.54 0.01 0.97 

QMF  0.26 0.25 -0.24 0.29 -0.35 0.11 0.12 0.59 0.38 0.08 
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Table 5.15 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and change in 

self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   
 

 

 

 

 

 

 

 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health index 
profile, QMF- Quality of Masticatory Function total score. 

 

 

 Change between pre- and post-consumption  

Yoghurt Eaten Slowly 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption  
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.26 0.24 -0.06 0.80 -0.12 0.58 0.31 0.16 0.36 0.10 

OHIP-14 0.31 0.19 -0.44 0.06 -0.21 0.39 0.37 0.12 0.29 0.23 

QMF  0.22 0.33 -0.11 0.64 -0.38 0.08 0.17 0.44 0.39 0.07 
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Table 5.15 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and change 

in self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   

 
 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health 
index profile, QMF- Quality of Masticatory Function total score. 

 

 

  

 

 

 Change between baseline and post-consumption 

Granola Eaten Normally 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.37 0.12 0.14 0.57 -0.02 0.93 0.10 0.69 0.07 0.79 

OHIP-14 0.20 0.45 0.20 0.47 -0.38 0.15 0.18 0.51 -0.12 0.68 

QMF  -0.10 0.68 -0.26 0.29 -0.33 0.17 0.24 0.32 0.35 0.16 
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Table 5.15 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and change 

in self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   
 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health 
index profile, QMF- Quality of Masticatory Function total score. 

 

 Change between pre- and post-consumption 

Granola Eaten Normally  

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.27 0.26 -0.06 0.81 0.11 0.66 0.15 0.54 -0.07 0.78 

OHIP-14 0.20 0.46 0.10 0.70 -0.21 0.44 0.37 0.16 -0.11 0.69 

QMF  -0.29 0.23 -0.10 0.68 -0.37 0.12 0.16 0.51 0.23 0.35 
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Table 5.15 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and change in 

self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   
 

 

 

 

 

 

 

 

 

 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health index 
profile, QMF- Quality of Masticatory Function total score. 

 

 

 

 

 Change between baseline and post-consumption 

Granola Eaten Slowly 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.12 0.61 0.46 0.03* -0.01 0.95 -0.02 0.94 0.08 0.74 

OHIP-14 -0.01 0.96 0.11 0.65 -0.09 0.71 -0.22 0.36 0.00 1.00 

QMF  0.01 0.97 -0.22 0.34 0.04 0.86 -0.09 0.69 0.10 0.66 
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Table 5.15 (cont.) Associations between methods of evaluating masticatory performance and oral health related quality of life and change in 

self-reported appetite measures between baseline and post-consumption and pre-and post-consumption   

 

 

 

 

 

 

 

 

 

Results presented as R value obtained from partial correlation (controlled for baseline fullness). *P value<0.05. VOH- variance of hue, obtained from two-colour chewing gum test. OHIP-14- oral health index 
profile, QMF- Quality of Masticatory Function total score. 

 

 

 

 Change between pre- and post-consumption 

Granola Eaten Slowly 

(Nmax=23) 

Hunger Fullness Satiety 
Prospective food 

consumption 
Desire to eat 

R value P value R value P value R value P value R value P value R value P value 

VOH  0.05 0.84 0.49 0.02* -0.18 0.42 0.01 0.97 0.02 0.92 

OHIP-14 -0.05 0.84 -0.03 0.90 0.07 0.79 -0.16 0.50 -0.04 0.87 

QMF  0.20 0.38 -0.04 0.86 -0.09 0.70 0.09 0.70 0.10 0.67 



232 
 

5.5 Discussion  

 

5.5.1 Overview of findings 

 

The primary aim of this randomised crossover breakfast study was to investigate 

whether there was a combined effect of manipulating OPBs, through verbal instruction 

to chew slowly and through food-based texture differences, on self-reported appetite 

measures and energy and nutrient intake. Relationships between appetite and methods 

of evaluating masticatory performance were also investigated. Although results from 

this analysis found no combined effect of manipulating OPBs through both changing 

food texture and verbal instructions, on self-reported appetite or intakes of nutrients 

and energy later in the day, significant associations were observed between specific 

OPBs and certain appetite measures and intakes of carbohydrate.  

 

5.5.2 Relationship between oral processing behaviours and self-reported appetite 

measures 

 

Significant differences were observed between the four breakfast options for OPBs, 

with the granola option eaten slowly having a slower eating rate, smaller average bite 

size, higher number of chews per bite, longer total oral exposure time and slower bite 

rate compared to the other breakfast options.  

This is similar to previous findings (408,409), which observed that harder textured 

foods had slower eating rates, longer total oral exposure times, higher numbers of 

chews per bite and a smaller average bite size.  

Although the four breakfast options had differing OPBs, and associations have been 

observed between manipulation of these behaviours and appetite measures (392,393), 

no significant differences were observed between the four breakfast options and self-

reported appetite measures post-breakfast consumption, or change in appetite between 

baseline and post-consumption or between pre- and post-consumption. There is 

evidence to suggest that verbal instructions to eat slowly or increase the number of 

chewing cycles or manipulating food texture in isolation can influence appetite 

(402,419,584), however findings from this study would suggest a lack of a combined 

effect of these two forms of OPB manipulation.  
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Previous studies have highlighted an alternative to altering eating rate using external 

manipulations such as instructing individuals to eat slowly, as this can disrupt the 

normal eating experience (408–410,580). This alternative approach focuses on 

changes in food texture, as this can alter OPBs in a more automatic manner (408–

410,580). However, when considering the granola and yoghurt options eaten at a 

normal rate of eating, there were no observed differences in appetite.  

Partial correlation coefficients, controlling for baseline fullness as this differed 

between the four breakfast options, were calculated to explore if there were any 

associations between specific OPBs, including bite rate, chews per bite and total oral 

exposure time, and appetite measures.  

Chews per bite were significantly associated with post-consumption ratings of 

prospective food consumption. Therefore, as chews per bite increased, common 

amongst harder textured foods, the amount of food a participant felt they could eat 

post-meal decreased, and similar associations between chews per bite and fullness 

have been observed in previous studies (408,419).  

It would be expected that as bite rate and eating rate increased, oral processing 

characteristics common amongst softer, faster-to-eat foods (408), smaller changes in 

desire to eat and prospective food consumption would be observed, however the 

opposite was observed in this analysis. Although the four breakfast options were 

isocaloric at 400 kcal they differed in volume, which may explain why these appetite 

ratings were not affected as expected.  

 

5.5.3 Relationship between oral processing behaviours and energy and nutrient 

intake 

 

The research surrounding the manipulation of OPBs and its effect on energy and food 

intake is mixed. Although Shah et al in 2015 found that breakfast eating speed did not 

have an impact on daily energy or macronutrient intake (579), other  studies have 

found that consumption of harder textured foods, eating under slow conditions or 

increasing the number of chews did lead to a reduced food intake and meal size 

(393,404,409,585).  
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Although no significant differences were observed in intakes of energy, carbohydrate, 

fat and protein later in the day after consuming each breakfast option, there were 

significant associations between specific OPBs and nutrient intakes. As average bite 

size and eating rate  increased so did daily intakes of carbohydrates, however this was 

not consistent across all of the breakfast options, although similar findings have been 

observed in a previous study, where larger bite sizes were significantly associated with 

ad libitum food intake in one of the test meals but not all (392).   

Although no significant associations were observed between these OPBs and ad 

libitum energy intake, which is in contrast to previous findings (392), another study 

found no effect of differing food texture, and associated changes in OPBs, on energy 

intake for the remainder of the test day (419).  

 

5.5.4 Relationship between methods of evaluating masticatory performance, oral 

health related quality of life and self-reported appetite measures  

 

This study population consisted of individuals with good oral health and no denture 

wearers, as observed in results from the Newcastle Tooth Count Questionnaire, and a 

mean OHIP-14 score of 19.65, the maximum score of which is 70, with higher scores 

indicating poor oral health.   

Although no correlation was observed between objective, using a two-colour chewing 

gum, and subjective, self-report questionnaires, methods of evaluating masticatory 

performance, or with oral health related quality of life measured using the OHIP-14 

questionnaire, this is consistent with previous research, including the study conducted 

by Pedroni-Pereira et al, which this work was repeating, who also found no correlation 

between QMF score and results from a two-colour chewing gum (576,577). This 

would also call into question the value of using self-report measures to evaluate 

masticatory performance, given that the objective method is quick and easy to use in 

a number of clinical and research settings (544).   

It would be plausible that masticatory performance could influence appetite measures, 

as masticatory performance is related to the ability to bite and chew and these OPBs 

have been associated with appetite previously (392). Both post-consumption fullness 

and change in fullness were significantly associated with VOH, and post consumption 
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satiety was significantly associated with QMF score, however these associations were 

not consistent across all four breakfast options, and no relationships were observed 

between OHIP-14 score and appetite or between any of the masticatory performance 

measurement methods and hunger, desire to eat or prospective food consumption. This 

study involved healthy participants with good overall oral health; therefore, it would 

be interesting to note whether these associations would still be present amongst an 

older adult population with oral health issues such as fewer remaining natural teeth, as 

these can have significant impact on food intake (170).  

 

5.5.5 Strengths and Limitations 

 

5.5.5.1 Strengths  

 

This breakfast study was conducted with a randomised crossover design. This study 

design has a number of advantages, including each participant acting as their own 

control, therefore minimising the confounding effect of covariates. Previous research 

has only looked at either food texture modification or verbal instructions to eat slowly 

in isolation, therefore this study has the added benefit of testing a subjective and 

objective measure together. Similarly, this study has included multiple methods of 

evaluating masticatory performance; a subjective questionnaire and an objective two-

colour chewing gum and can therefore capture a broad picture of the masticatory 

ability of the participants involved.  

 

5.5.5.2 Limitations  

 

5.5.5.2.1 Study design 

 

This study was adequately powered for the primary outcome, which was to investigate 

whether there is a combined effect of manipulating OPBs, through consumption of 

foods differing in texture classified as ‘fast’ or ‘slow’ foods, and verbal instructions to 

eat slowly, has an impact in self-reported satiety.  

However, the sample size of 24 may not be powered for the other outcomes 

investigated. Although efforts were made to ensure participants were not made aware 
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of the true aim of the study, and which OPBs in particular were being investigated, it 

is possible that some participants guessed the true aim and their responses therefore 

may have been altered, and the effects of OPB manipulation on satiety may not have 

been accurately captured.  

 

5.5.5.2.2 Data collection 

 

Dietary intake data was collected using four-day food diaries. As previously discussed 

in Chapter 3, food diaries are a self-report measure susceptible to a number of biases, 

including social desirability bias if participants wanted to be perceived as consuming 

a healthier diet, and recall bias if the diary was not completed throughout the day. 

Aspects of appetite were measured using a VAS, another self-report measure again 

susceptible to bias. Previous studies have used levels of the hormone ghrelin to assess 

appetite in a more objective manner, therefore this should be considered in further 

studies.  

OPBs, analysed using the ELAN software, were captured using a laptop and webcam. 

However, some of the OPBs, particularly swallows, were hard to identify due to issues 

with poor lighting, the participant being too far away from the camera, or the 

participant obscuring their neck by bending their head down. Therefore, it is possible 

that calculation of total oral exposure time may have been affected. A proportion of 

the videos, including ones where OPBs were particularly difficult to identify, were 

checked by an independent researcher with experience in this area of analysis, to 

ensure OPB were accurately measured.  

Participants were also asked to consume the breakfast options in a laboratory setting, 

sitting in front of a laptop. Although, when asked, most participants did not have any 

issue eating in front of the laptop, it is possible that consuming the breakfasts within 

an abnormal eating environment could have altered OPBs.  

 

5.5.5.2.3 Breakfast options  

 

The two breakfast options were designed to have the greatest texture difference 

possible whilst still being isocaloric. However, by ensuring the breakfasts were 

isocaloric this meant a volume difference, which could have explained the lack of 
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difference in appetite measures post-consumption. The breakfast options were also not 

nutrient matched, and had differing amounts of sugar, fat and protein, which again 

could have explained the non-significant results. Following food diary analysis, it is 

clear that these breakfast options selected are not regularly eaten by this study 

population, therefore if this work were to be repeated efforts should be made to ensure 

meal options are chosen that accurately represent habitual food choices. However, this 

may be challenging if differences in texture are still to be maintained.  

 

5.5.6 Future work 

 

As previously mentioned, there is evidence to suggest that manipulating OPBs through 

either verbal instruction or texture differences can influence both appetite measures 

and energy intake (392,393,409,419). Although this was not the case in this study, 

associations were observed between specific OPBs and appetite and nutrient intake. 

Further research is required to see if manipulating OPBs can be adapted for use by 

individuals not in a research environment, using foods commonly eaten that are more 

closely nutrient matched, and assessing appetite in a more objective manner. As bite 

rate and chews per bite were significantly associated with appetite measures, and 

average bite size and eating rate were associated with intakes of carbohydrate, these 

particular OPBs should be focussed on when developing future studies. Furthermore, 

this study was conducted using individuals with generally good oral health status; if 

the study were to be redone amongst individuals with a range of oral health issues there 

could be the potential to investigate the relationship between oral processing 

behaviours and measures of evaluating masticatory performance.  

 

5.5.7 Conclusions  

 

This was the first study conducted to date to investigate whether or not there is a 

combined effect of manipulating OPBs, through verbal instruction to eat slowly and 

through food-based texture differences, on self-reported appetite measures and intake 

of energy and macronutrients. Although there was no difference observed in appetite 

measures or energy and nutrient intakes between the four breakfast options, certain 

OPBs were significantly associated with appetite measures and intakes of 

carbohydrate, highlighting the role of these behaviours in regulation of appetite and 
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nutrient intake. As associations were observed between measurements of masticatory 

performance and appetite measures, these should also be taken into consideration when 

designing nutrition interventions, particularly for older adults suffering from oral 

health issues.  
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6.1 Thesis Aims and Objectives  

 

This thesis set out to examine the factors affecting dietary intake, dietary change, 

nutritional status and appetite in older adults, and in particular how oral health status 

can influence these. This main aim was broken down into five aims and multiple 

objectives, which have been discussed within the chapters of this thesis. These aims 

and objectives, and the methodologies used to investigate these, were as follows; 

 

To examine factors affecting diet in older people  

 

• To investigate the factors, including health status and behaviours, social and 

economic factors, influencing dietary intake and DPs, including a priori and a 

posteriori DPs, amongst older adults in NI participating in wave one of the 

Northern Ireland Cohort for the Longitudinal Study of Ageing (NICOLA) 

(Chapter 2)  

 

To examine the effect of oral health on dietary change  

 

• To investigate, amongst adults at a high risk of CVD in NI, how self-reported 

oral health status can influence dietary change and consumption of MD-

associated nutrients as part of a 12 month dietary intervention study (the 

TEAM-MED Extend study) to promote adherence to a MD (Chapter 3)  

 

To examine methods of improving and evaluating masticatory performance 

 

• To compare two tooth replacement strategies for partially dentate older 

patients, conventional RPDP treatment and functionally orientated SDA 

treatment, in terms of improving masticatory performance (Chapter 4)  

• To examine correlations between objective, obtained using a two-colour 

chewing gum test, and subjective, using a self-report questionnaire, methods 

of evaluating masticatory performance (Chapter 5) 
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To examine the relationship between masticatory performance and nutritional 

status  

 

• To investigate how improvements in masticatory performance, as a result of 

RPDP or SDA methods of prosthodontic rehabilitation, can affect aspects of 

nutritional status as part of a RCT in partially dentate older adults (Chapter 4) 

• To investigate the relationship between masticatory performance, measured 

objectively and subjectively, and self-reported appetite measures (Chapter 5) 

 

To examine the effect of manipulating oral processing behaviours on appetite and 

energy intake 

 

• To investigate whether there is a combined effect of manipulating OPBs, 

through consumption of foods differing in texture classified as “fast” or “slow” 

foods, and verbal instructions to chew slowly, on self-reported appetite 

measures and energy intake later in the day as part of a randomised crossover 

breakfast study (Chapter 5) 

 

This chapter will now discuss the findings from this thesis by chapter aim; including 

the main observations of this work.  
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6.2 Aim one 

 

6.2.1 To examine factors affecting diet in older people  

 

Chapter 1 detailed the many factors that may influence diet and nutritional status 

amongst the older adult population, including health behaviours, aspects of health 

status such as long term conditions, psychological, social and economic factors.  

The population is ageing globally, and utilisation of health services increases with age 

(7,8), and, although there is great heterogeneity surrounding aging, when considering 

overall health and wellbeing in older adults, nutrition is a key overarching theme, as 

diet and nutritional status can be compromised during the ageing process (11–16).  

The analysis discussed in Chapter 2 agreed with the literature overviewed in Chapter 

1; that there are a large number of factors that can negatively impact dietary intake and 

adherence to healthy DPs amongst older adults in NI. These included being male, 

being aged under 65 y, not being employed, having a lower education level, being 

widowed, living alone, not being married, being lonely, having a long term condition 

or poor self-reported health, along with presence of certain chronic diseases.  

Given that previous work has noted similar findings (11,13,324,455,461,469), this 

analysis has highlighted specific population groups that may benefit most from 

targeted interventions to improve dietary intake and nutritional status. However, it was 

noted that the participants included in the analysis detailed in Chapter 2 overall were 

consuming diets of a low quality, as observed in low MDS and other DP scores, and, 

given that similar low diet quality has been observed in other older adult populations 

(19,61,62,455,459,460), further reinforces that all older adults could benefit from 

interventions to improve dietary intake and diet quality.  

Furthermore, it was also highlighted that these factors may not have a consistent effect 

across both dietary intake and DP adherence, and different aspects or measurements 

of the same age-related factor can result in varying degrees of influence on dietary 

intake and adherence to DPs. Most notably, differing effects on how social and 

economic factors were measured, such as UCLA score, or simply using marital status, 

or investigating employment status compared to level of education, were observed on 
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dietary intake and adherence to DPs, with UCLA score and employment status not 

having the same extent of effect on DPs as marital status and level of education.  

Similar effects were observed with health behaviours; those who took part in less 

physical activity had lower scores for healthy DPs and lower FV intakes, however 

smoking and alcohol consumption did not appear to have such consistent effects on 

dietary intake and DP adherence.  

Although amongst older adults, certain aspects of health status, including higher BMI, 

poor self-reported health and having a long term condition were shown to negatively 

impact diet in results from Chapter 2, further reinforcing the link between overall 

health and diet (11,13), these influences are not consistent across all of the DPs 

investigated, and across different aspects of health status, such as certain chronic 

conditions. Furthermore, differing effects on diet were seen between having a 

diagnosis of a long term condition, such as Alzheimer’s, and using a validated score 

to cognitive impairment (MoCA score), potentially due to small numbers of 

individuals with a confirmed diagnosis of these conditions. This would therefore 

suggest the benefit of utilising multiple assessment tools to capture a broader picture 

of how an age-related factor can influence diet, and also the benefits of using both a 

priori and a posteriori DP analysis.    

Although it was encouraging to note that the majority of participants did not have 

issues conducting activities relevant to dietary intake, such as shopping for groceries, 

as outlined in Figure 1.3 in Chapter 1 and detailed further in Chapter 1, there are a 

multitude of factors that can negatively impact diet and nutritional status in older 

adults. Due to NICOLA data availability it was not possible to fully explore how 

dietary intake and adherence to DPs can be influenced by all of these factors, and these 

relationships should be explored further in future analyses. However, data on oral 

health status is currently not available in NICOLA and should therefore be considered 

for inclusion in future waves of data collection, and relationships between oral health 

status and diet should be explored further in other datasets where the relevant data is 

available.   
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6.3 Aim two 

 

6.3.1 To examine the effect of oral health on dietary change  

 

To date, the relationship between oral health, masticatory performance and diet 

remains complex; several studies have established links between poor oral health and 

impaired food choices and nutritional status (155,165,170), however recent systematic 

reviews have suggested further longitudinal studies are required to further explore 

these relationships (487,488,497).  

Oral health has been shown to impact dietary intake and alter food choice, with 

individuals with oral health issues such as wearing dentures or having fewer remaining 

natural teeth consuming softer, easier to eat foods, and being less likely to meet certain 

dietary guidelines (170,486–488,492,493). Therefore, it could be assumed that oral 

health issues would have similar influences on an individual’s ability to change their 

diet, however this was not the case in results from Chapter 3.  

A secondary analysis of data from the TEAM-MED Extend study, a pilot cluster 

randomised trial to investigate the role of peer support in promoting adherence to MD, 

found that, although self-reported oral health status did influence daily mean intakes 

of certain nutrients, including MUFA, it did not have an impact on response to a dietary 

intervention study to adopt a MD in terms of MDS.  

The analysis conducted in Chapter 3 was the first to investigate whether self-reported 

oral health status can influence response to a dietary intervention study to adopt a MD, 

and findings observed that MDS significantly increased from baseline to 6 months and 

from baseline to 12 months for each of the three self-reported oral health status groups, 

and scores did not differ between the groups at any time point, indicating that change 

in MDS was not influenced by oral health status.  

Although oral health did not appear to influence MDS, it did have a more significant 

impact on daily intakes of MD-associated nutrients. Previous findings have shown that 

fat intakes differ according to dental status (162,498,499), and those with fair or poor 

self-reported oral health were shown to be consuming higher daily intakes of fat at 

baseline and lower daily intakes of MUFA at 6 months, when compared to those with 

better self-reported oral health.  However,  MUFA-rich olive oil has not been shown 
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to be affected by oral health, as observed in answers to the question on food avoidance 

in the self-report questionnaire, although nuts are a common harder-textured food 

avoided by this population group and may explain the differing MUFA intakes (486).  

It could be hypothesised that individuals with fair or poor oral health status would be 

consuming significantly less amounts of MD-associated nutrients, as these can be 

commonly found in harder-to-eat foods, such as protein from meat, fibre from stringy, 

fibrous foods, and Vitamin C from crunchy fruits and vegetables (170). Although it 

was reported that nuts, fruit, meat, and vegetables, beans or legumes were being 

avoided by participants with oral health issues, intakes of these nutrients did not differ 

according to oral health status. However, it is not known how certain foods were 

cooked or prepared, and there is evidence to suggest that individuals experiencing oral 

health issues were utilising a number of food preparation and cooking methods to 

continue eating and enjoying harder textured MD foods such as meat and vegetables 

(490).  

A MD contains rich sources of Vitamin C, carotene, fibre and MUFA through 

increased consumption of fruit, vegetables, wholegrains and nuts, however no such 

increases in intakes were observed in the cohort, despite increases in MDS, potentially 

highlighting discrepancies between dietary intakes analysed via food diaries and the 

MDS questionnaire. It is also possible that changes in nutrients and MDS were not 

observed between the oral health groups as, when taking all study participants into 

consideration, some parts of the MD advice given were not adhered to as well as others, 

most notably when encouraging an increase in nut and vegetable consumption.  
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6.4 Aim three 

 

6.4.1 To examine methods of improving and evaluating masticatory performance 

 

A number of methods exist to evaluate masticatory performance, defined as the 

“measurement of the comminution of food achievable under standardised testing 

conditions” (516),  including subjective self-report questionnaires, and more objective 

methods such as two-colour chewing gums. These methods, including advantages and 

disadvantages of their use, have been discussed in detail in Chapter 4, and their use in 

research has been detailed in Chapters 4 and 5.  

In recent years, a number of objective methods to evaluate masticatory performance 

have been developed, including capsules containing beads with fuchsin dye, which, 

upon chewing, release the dye and the spread of the dye within the capsule depends on 

the chewing strength (539).  

However, this thesis focussed on the use of two, two-colour chewing gums; both 

previously validated and noted for their ease of use in a variety of settings, lack of 

specialist knowledge or equipment required to analyse and being widely available 

(543,544,569).  

The participants involved in the randomised crossover breakfast study, described in 

Chapter 5, which included oral health data collection using objective and subjective 

methods so these could be compared, were healthy adults with no notable oral health 

issues, including relatively low OHIP-14 scores and not denture wearers. Similarly, 

the previous study that this work replicated to investigate correlations between 

objective and subjective methods of evaluating masticatory performance (577) was 

also conducted using healthy participants, and, similar to the findings discussed in 

Chapter 5, also found no correlation between results from the subjective QMF 

questionnaire, and the objective two-colour chewing gum, as well as no correlation 

between OHIP-14, to measure oral health-related quality of life, and the objective two-

colour chewing gum. Furthermore, a study conducted by Rahayu et al (576) found that 

amongst adults with dental implants there was no correlation between objective 

methods of evaluating masticatory performance and oral health related quality of life.  

Therefore, as these objective measures, primarily two-colour or colour-changing 
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chewing gums, are becoming widely available, and can be used safely by older adults 

with oral health issues such as xerostomia (543,544), their use should be encouraged 

and implemented in oral health assessments for older adults, given that, as described 

in previous studies and in findings discussed in Chapters 1, 3 and 4, oral health can 

impact nutritional status and dietary intake.  

Chronic oral health diseases have been shown to affect up to 3.58 billion people 

globally and are a major public health issue (134), therefore there is a need for effective 

methods to replace missing teeth and improve masticatory performance that are 

accepted by both clinicians and patients, and that can be easily implemented into 

routine dental care.  

The advantages and disadvantages of two of these methods of improving masticatory 

performance, RPDPs and SDA, have been described in detail in Chapter 1, and in 

Chapter 4 analysis of RCT data involving partially dentate older adults, these two 

methods were compared in terms of their ability to improve masticatory performance, 

assessed objectively using a two-colour chewing gum.  

RPDPs, although regularly provided as part of routine dental care (349), have a number 

of limitations, including an increased risk of periodontitis and dental caries (350) and, 

although they have been widely shown to be effective at improving masticatory 

performance in partially dentate older adults, this is negated by high levels of non-

compliance with use due to impaired comfort or aesthetics (351).  

Alternative treatments have therefore been developed to combat this, including 

treatments based on the SDA concept; a functionally-oriented treatment option 

primarily focusing on restoring premolar and anterior teeth to provide 10 occluding 

pairs of teeth, deemed essential for a functioning level of dentition (357,562) rather 

than replacing teeth at the back of the mouth. Although it has been reported as an under 

used treatment option (363,364), it has also been shown to have a number of 

advantages, including improved aesthetics, comfort, and quality of life at a reduced 

biological cost (357,359).  
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Findings, discussed in Chapter 4, further highlight the benefits of SDA treatment for 

partially dentate older adults; it has been shown to improve masticatory performance 

to the same standard as the more frequently used treatment option RPDPs. This is 

encouraging to note as SDA treatment has been shown to improve masticatory function 

in the long-term in this population group, and elderly patients in particular may feel 

more at ease with this treatment in terms of chewing and appearance 

(361,363,555,560,561).  
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6.5 Aim four 

 

6.5.1 To examine the relationship between masticatory performance and 

nutritional status  

 

Secondary analysis from the TEAM-MED Extend study, discussed in Chapter 3, found 

an association between oral health status and intakes of certain MD-associated 

nutrients, but not all, and similarly, findings from the analysis conducted in Chapter 4 

found a non-consistent relationship between masticatory performance and certain 

aspects of nutritional status, namely MNA score and Vitamin D levels.  

The number of partially dentate older adults has increased in recent years, due to 

improved tooth retention, meaning there has been an increased number of patients 

requiring, and therefore an increased need for, effective treatment methods to maintain 

or replace missing natural teeth (563,564). Appropriate prosthodontic rehabilitation 

may be needed to ensure these partially dentate older adults can consume healthy diets, 

as there is evidence to suggest poor oral health and presence of oral health issues can 

negatively impact diet in the older adult population (155,159).  

Therefore, it could be assumed that improving masticatory performance would lead to 

an improvement in nutritional status, however this relationship was not as definitive 

as expected in RCT results discussed in Chapter 4. Masticatory performance, as 

assessed by VOH measured objectively using a previously validated two-colour 

chewing gum (569), was not found to be significantly associated with MNA score or 

haematological biomarkers of nutritional status, including serum albumin, serum 

cholesterol, ferritin, folate, Vitamin B12 and Vitamin D.  

Certain aspects of nutritional status, however, did increase over the intervention time 

period; MNA score and Vitamin D levels were significantly higher 12 months post-

prosthodontic rehabilitation using either RPDP or SDA methods. From these findings 

it is clear that, as improvements in nutritional status were observed over time, 

prosthodontic rehabilitation to improve masticatory performance does have some 

effect on nutritional status. However this was not consistent across all nutritional 

parameters investigated, which would agree with previous systematic review evidence 

that suggests the exact relationship between oral health and nutritional status is unclear 
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(487,497). Previous evidence has suggested that simply improving masticatory 

performance in isolation, through prosthodontic rehabilitation, does not lead to 

improvements in nutritional status (565–567), which may explain the inconsistencies 

here. This highlights the role of dietary education and counselling, without which 

individuals may continue to eat in the same way they did prior to having prosthodontic 

treatment.  

Masticatory performance was also shown to have a varying relationship with appetite, 

which was interesting to note, given that masticatory performance is related to the 

ability to bite and chew and these OPB have been previously associated with appetite 

measures (392). In the randomised crossover breakfast study conducted in Chapter 5, 

both objective and subjective methods were used to evaluate masticatory performance, 

and certain relationships were observed between these and specific appetite measures, 

namely between VOH and fullness and between QMF score and satiety. However, 

associations were not observed between all of the masticatory performance evaluation 

methods involved, or all of the appetite measures, the associations that were observed 

were not consistent across all four of the breakfast options involved in the study. 

However, this was the first study to date to investigate relationships between 

masticatory performance, assessed using these specific methods, and measures of self-

reported appetite, and was also conducted amongst healthy adults with no oral health 

issues- therefore there is a need to explore these associations further amongst older 

adults and in particular those with oral health issues, such as fewer remaining natural 

teeth, as these can have significant impact on food intake (170). 

 

 

 

 

 

 

 

 

 

 

 



251 
 

6.6 Aim five 

 

6.6.1 To examine the effect of manipulating oral processing behaviours on 

appetite and energy intake 

 

The physical ability to bite and chew, as well as the speed at which foods are 

consumed, can influence food choice and quantity of food consumed 

(155,159,166,167,392,393). As faster eating rates have been associated with obesity 

(394), and obesity is a major global public health issue (395) which will likely increase 

as the population continues to age, there is the potential to utilise the modification of 

OPBs, such as eating rate, as an obesity-prevention strategy that can be easily 

implemented by a number of population groups and in a number of settings.  

However, to date there is mixed evidence regarding how OPBs, including eating rate, 

and the total amount of time food spends in the mouth, known as total oral exposure 

time, can influence appetite and energy intake.  

OPBs can be manipulated in a number of ways, including instruction to eat or chew 

slowly and consumption of different textured foods, and previous studies have 

investigated these in isolation to explore how they can impact food intake and 

measures of appetite (392,393,404,409). Therefore, the randomised crossover 

breakfast study conducted in Chapter 5 is the first to examine whether combining 

methods of manipulating OPBs, in this case instruction to chew slowly and food-based 

texture differences, can influence self-reported appetite and intakes of energy and food 

later in the day.  

The four breakfast options, described in Section 5.3.5 in Chapter 5, had significantly 

different OPBs, including the granola option eaten slowly having a significantly slower 

eating rate, smaller average bite size, higher number of chews per bite, longer total 

oral exposure time and slower bite rate compared to the other breakfast options. 

Although eating harder textured foods, and the changes in OPBs associated with these, 

and instructing individuals to eat slowly have been shown to influence appetite and 

reduce ad libitum food intake in previous studies (392,393) this was not the case in 

results from this analysis suggesting a lack of a combined effect of these two forms of 

OPB manipulation.  
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Recently it has emerged that changing food texture to alter eating rate should be 

focused on rather than instructing individuals to chew or eat slowly, as this may disrupt 

habitual eating experiences (408–410,580). However, this method was not observed 

to be effective here as no differences in appetite or energy intake were noted between 

the granola or yoghurt breakfasts when eaten at the participant’s normal rate of eating.  

Although no differences were observed for energy intake and appetite measures 

between the four breakfast options, significant associations were observed between 

certain appetite measures and nutrient intakes and specific OPBs, changes in which 

are associated with eating slowly and eating different textured foods.  

In particular, chews per bite were associated with prospective food consumption, and 

intakes of carbohydrates were associated with average bite size and eating rate, 

however these associations were not consistent across all four breakfast options, 

although similar inconsistencies between test meals have been noted in previous work 

(392).  

Interestingly, none of the OPBs investigated had an impact on energy intake later in 

the day, and associations that have been noted previously in the literature, including 

increased eating rate and bite size and lower total oral exposure times (characteristics 

associated with softer, faster-to-eat foods (408)) were not observed in this analysis. 

Efforts were made to ensure that the breakfasts had the greatest texture difference 

possible, whilst still being isocaloric at 400 kcal, however this meant they differed in 

volume, which may explain why these appetite ratings were not affected as expected.  
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6.7 Thesis strengths and limitations 

 

Strengths and limitations specific to each chapter have been discussed in more detail 

in the relevant sections of each chapter. A general overview of the key strengths and 

limitations common to multiple chapters in this thesis will be discussed below.  

 

 6.7.1 Thesis strengths 

 

6.7.1.1 Study design 

 

The trial investigating masticatory performance in partially dentate older adults, 

discussed in Chapter 4, was conducted as a RCT, the gold standard for clinical research 

with a robust design, minimal bias margin and reduced influence of confounders (568).  

The study discussed in Chapter 5, designed to investigate the effect of manipulating 

OPBs on appetite and energy intake, was conducted with a randomised crossover 

design, which again minimises the effects of confounding covariates through each 

participant acting as their own control. This crossover breakfast study also had the 

added benefit of being the first study conducted to date which has investigated whether 

or not there is a combined effect of manipulating OPBs, through verbal instruction to 

eat slowly and through food-based texture differences, on appetite and energy, as 

previous work has only looked at either food texture modification or verbal 

instructions to eat slowly in isolation. Both studies discussed in Chapters 4 and 5 were 

also appropriately powered and conducted with adequate sample sizes for their 

primary outcome measures.  

 

6.7.1.2 Assessment methods 

 

The NICOLA study itself is a rich data source, and utilises a number of validated scales 

to investigate certain aspects of ageing, such as the UCLA score for loneliness and the 

MoCA score for cognitive impairment (586,587).  

Across the studies discussed within this thesis, a number of methods to assess 

nutritional status, dietary intake, dietary change, oral health status and masticatory 

performance have been utilised. Chapter 2 investigated habitual dietary intake using a 
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FFQ, Chapter 4 assessed nutritional status both subjectively and objectively using the 

MNA and haematological biomarkers of nutritional status, which should provide a 

more accurate and objective description of the nutritional status of the participants 

involved; and the TEAM-MED Extend study utilised both food diaries and the 

previously validated 14-item MDS questionnaire to broadly assess the participants 

ability to adopt a MD.  

Similarly, to diet and nutritional status, masticatory performance, oral health status and 

oral health related quality of life were assessed using a number of methods throughout 

this thesis; both subjective methods including the Newcastle Tooth count 

questionnaire and previously validated OHIP-14 and QMF questionnaires, and 

objective methods through clinical dental examinations and two-colour chewing gums.  

 

 6.7.2 Thesis limitations 

 

6.7.2.1 Sample size and study design  

 

Although a number of study designs were utilised throughout this thesis, they come 

with a number of limitations. The NICOLA study itself is a longitudinal study, with a 

large sample size, however the analysis detailed in Chapter 2 is a cross-sectional 

analysis of those who completed the FFQ in wave one, and therefore cannot determine 

cause and effect, evaluate trends over time and the snapshot used may not be truly 

representative, particularly of certain long-term conditions.  

Although the RCT and randomised crossover breakfast study mentioned in Chapters 

4 and 5 respectively were adequately powered for their primary outcome measure they 

may not have been adequately powered for the other outcomes investigated. Similarly, 

in Chapter 3, the primary aim of the TEAM-MED Extend study was to test the 

feasibility of a peer support MD intervention carried out in community groups in NI 

and was therefore not designed with the analysis detailed in this thesis in mind and 

may therefore be underpowered.  

The TEAM-MED Extend study population was a majority female low socio-economic 

group, therefore the results obtained from that analysis may not be generalisable to the 

rest of the UK population. It also had a relatively small sample size, with a high drop-
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out rate, suggesting it may not have been truly representative of the population at a 

high risk of CVD in NI, and may not have captured the true extent of how oral health 

status can influence diet, as the majority of participants rated their oral health as 

excellent, very good or good. Similarly, the analysis in Chapter 2 using data from the 

NICOLA study only involved those participants who completed a FFQ, and therefore 

that sample may not be representative of the older adult population in NI.  

Blinding of both participants and researchers was also an issue throughout the analyses 

in this thesis. Due to the nature of the RCT in partially dentate older adults in Chapter 

4, and the TEAM-MED Extend study in Chapter 3, blinding was not possible, 

however, efforts were made to combat this by blinding the research nurse to treatment 

allocation, and not having the researcher involved in treatment response data collection 

or assessment of study primary endpoints. Efforts were also made to blind participants 

of the true aim of the randomised crossover breakfast study, through promoting it as a 

study investigating breakfast consumption and mood, and ensuring the Participant 

Information Sheet reflected this, however it is possible that altered responses could 

have been obtained due to participants realising the true aim of the study.  

 

6.7.2.2 Evaluation of masticatory performance and oral health status 

 

Although the two-colour chewing gum tests used in Chapters 4 and 5 have been 

previously validated (544,569) they are not the current gold standard for evaluating 

masticatory performance, which to date remains the sieving test. Furthermore, the 

chewing gum used in Chapter 4, although described as a two-colour chewing gum test, 

does not meet the required criteria to be classed as a mixing-ability test (543–545).  

Although a number of subjective and objective methods were used to assess oral health 

status within this thesis, none of the studies detailed used both a clinical dental 

examination and a subjective questionnaire, use of both of which could have provided 

a more detailed picture of the oral health status of the participants involved.  
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6.7.2.3 Assessment and evaluation of nutritional status 

 

Similarly, to masticatory performance and oral health status, a number of methods 

were utilised throughout the analyses in this thesis to assess aspects of diet, including 

dietary intake, dietary change, adherence to DPs, appetite and nutritional status. These 

methods included 4-day food diaries, FFQ, visual analogue scales, haematological 

biomarkers, the 14-item MDS questionnaire, and the MNA.  

The main limitation for the majority of these measures is that they are self-report 

measures, and are therefore vulnerable to misreporting and subject to bias, namely 

social desirability and recall biases, if these were not filled out immediately after they 

were distributed or if participants wanted to be perceived as consuming a healthier 

diet. Discrepancies were also observed between 4-day food diary results and results 

from the 14-item MDS questionnaire, again potentially as a result of bias or 

insensitivity of the methods used.  

Although biomarkers of nutritional status were also utilised in Chapter 4, and may 

assess nutritional status in a more objective manner, these methods may also be subject 

to confounding factors such as time of year and certain lifestyle factors (570,571) and 

can only be used to assess recent dietary intake rather than nutritional status over time.  

The TEAM-MED Extend study and the RCT in Chapter 4 only followed up 

participants for a maximum of 12 months, and the time required to change dietary 

habits and maintain these in order to see improvements in nutritional status may 

require a longer time frame (572).  

Due to limited data availability some of the a priori and a posteriori DPs used in the 

analysis of data from the NICOLA study were not computed as recommended, 

therefore if this work were to be repeated with properly generated DPs there is the 

possibility that the associations observed in that chapter may not still be present.   
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6.8 Recommendations for future work 

 

Multiple methods exist to assess and evaluate dietary intake, nutritional status, 

masticatory performance and oral health status, and these have been utilised 

throughout this thesis. However both objective and subjective methods of these, 

including self-report food diaries or FFQs and haematological biomarkers for diet and 

nutritional status, and clinical dental examination, questionnaires and objective 

masticatory performance evaluation methods such as two-colour chewing gums should 

be utilised in future studies, to gain a broader picture of diet and oral health, as results 

have varied according to the assessment method utilised.  

This thesis has highlighted potential future research ideas and how these could be 

tailored for effective use, including focusing on certain OPBs, such as bite rate and 

average bite size, when designing future studies to investigate how these can influence 

appetite and energy intake. Furthermore, more studies in this area should be conducted 

amongst older adults, as they may benefit from these types of interventions.  

Oral health status and diet have been shown to be closely linked, however simply 

improving masticatory performance does not lead to improved nutritional status, 

therefore future interventions designed to enhance nutritional status through improving 

oral health or masticatory performance should include an element of dietary education 

or counselling.  

There is also the need for oral health to be included as part of routine screening for 

older adults so that these issues can be caught early to minimise their effect on health 

and nutritional status. Alongside other health professionals, dentists should be 

regularly educated on nutritional issues in older adults, so that they are able to inform 

those with oral health issues, such as few remaining natural teeth, about strategies to 

reduce food avoidance that may lead to nutrient deficiencies. Oral health should also 

be included as part of data collected as part of the NICOLA study, as it is in other 

longitudinal studies, so robust data can be collected over time to explore in detail how 

oral health status can influence diet. Similarly, these longitudinal studies should be 

tailored and developed with the factors now known to influence diet in mind and 

should therefore encompass a range of tools and methodologies to capture the effects 

of these factors. A number of methods should be utilised to capture information on diet 
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and oral health as part of these longitudinal studies, including both subjective and 

objective measures, however care should be taken to ensure minimal participant 

burden with the greatest amount of robust data collected.  
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6.9 Overall conclusions 

 

This thesis set out to examine the factors affecting dietary intake, dietary change, 

nutritional status and appetite in older adults, and in particular how oral health status 

can influence these. It investigated the factors affecting diet in older adults, how oral 

health status can influence dietary change, methods of improving and evaluating 

masticatory performance, the relationship between masticatory performance and 

nutritional status, and the effect of OPB manipulation on appetite and energy intake.  

Health behaviours, health status, demographic, social, psychological and economic 

factors were shown to impact diet in older adults in NI. Individuals who were male, 

aged under 65 y, had lower education status, had a higher BMI, smoked, weren’t 

married, lived alone, were widowed, had poor self-reported health or a long term 

condition, were shown to have lower FV intakes, lower adherence to healthy DPs and 

higher adherence to unhealthy DPs.  

However, these age-related factors were not shown to have a consistent influence on 

both dietary intake and adherence to all DPs investigated, with some factors 

influencing adherence to certain DPs but not FV intake, and vice versa. Furthermore, 

different aspects of the same age-related factor, such as self-reported health status and 

presence of a certain long term condition or different methods to assess the same 

factor, such as a validated scale for cognitive impairment or a clinical diagnosis of 

Alzheimer’s or Dementia, were also shown to have differing impacts on dietary intake 

and DP adherence,  highlighting the benefit of using multiple DPs in diet analysis and 

multiple tools to assess age-related factors.   

Although RPDPs are used routinely in dental care to replace missing teeth and improve 

masticatory performance, they have a number of limitations, including discomfort and 

an increased susceptibility to chronic dental disease. However, the SDA concept is 

acceptable to both patients and clinicians, aesthetically pleasing, and was shown to 

improve masticatory performance to an equal standard as RPDPs, and its adoption in 

future clinical practice should be encouraged. Subjective and objective methods of 

evaluating masticatory performance, a self-report questionnaire and a two-colour 

chewing gum, were also compared, and as no correlation was observed between these, 

it would call into question the effectiveness of subjective methods in future work.  
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Inconsistent relationships between oral health status, masticatory performance, and 

aspects of dietary change and nutritional status were observed. Self-reported oral 

health status was shown to have an influence on daily intakes of MD-associated 

nutrients but not MDS, suggesting that, although oral health can influence food choice, 

these food avoidances may be overcome by certain food preparation and cooking 

methods, or reporting of intakes may have been influenced by the dietary assessment 

used. Associations were observed between objective and subjective methods of 

evaluating masticatory performance, certain appetite measures and nutrient intakes, 

however improved masticatory performance, through prosthodontic rehabilitation, 

was not a predictor of improved nutritional status. Certain nutritional parameters did, 

however, improve 12 months post-prosthodontic rehabilitation, suggesting that 

prosthodontic rehabilitation does have an effect on nutritional status, however this is 

inconsistent and highlights the need for a combined approach of dental treatment and 

dietary counselling.  

Combining methods to manipulate OPBs, such as bite size and number of chews per 

bite, was not found to have an effect on appetite measures or daily intakes of energy 

or nutrients, however associations were observed between these measures and specific 

OPBs, highlighting these as a potential focus for future research.  

These findings further confirm the complex relationship between masticatory 

performance, oral health status and diet, and highlighting the need for future large 

studies to be carried out amongst the older adult population which incorporate oral 

health and diet assessed using a number of robust methods to explore these factors in 

depth and to inform future policy development and healthcare decision making.  
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A B S T R A C T

Objectives: With a decreased number of teeth, a reduction in chewing function can contribute to changes in food
choices and ultimately impact on overall nutritional status. This study compared the impact of two tooth re-
placement strategies for partially dentate older patients on masticatory performance and nutritional status.
Methods: Patients aged 65 years and older were randomly allocated to two different treatment groups. For the
RPDP-group (removable partial dental prostheses) each participant was restored to complete dental arches with
cobalt-chromium removable prostheses. For the SDA-group (shortened dental arch), participants were restored
to 10 occluding pairs of natural and replacement teeth using adhesive bridgework. Masticatory performance was
assessed with a colour-mixing ability test. Each patient provided haematological samples that were screened for
biochemical markers of nutritional status. Patients were also assessed using the Mini Nutritional Assessment
(MNA).
Results: Eighty-nine patients completed the test for masticatory performance and provided blood samples and
MNA scores at baseline (BL) and after 12 months (12 m). Masticatory performance (p < 0.001) and MNA
(p < 0.05) increased significantly in both groups, but no significant between group differences were noted. A
mixed picture was observed for nutrition biomarkers. Mixed-effect linear regression models did not demonstrate
that nutritional status could be predicted from masticatory performance.
Conclusions: These results indicate that prosthodontic rehabilitation according to the principles of the SDA is
equivalent to RPDPs in terms of restoration of chewing capacity for partially dentate older patients. However,
masticatory performance may only have minor associations with nutritional status for this patient group.
Clinical significance: Replacing teeth with either RPDPs or SDA provides a prerequisite for efficient chewing.
Further research is required to determine the impact of oral rehabilitation coupled with nutritional counselling
for this patient population.

1. Introduction

As preventative strategies continue to advance, more and more
older adults are now retaining natural teeth into old age. This trend can
be seen throughout most of the western world and has resulted in an
increasing proportion of partially dentate older patents. Consequently,
the prevalence of edentulism is becoming an increasingly scarce con-
dition in high-income households in countries such as North America
[1]. Projections suggest that in future, edentulousness will be seen

almost exclusively within the older, economically deprived population.
Whilst natural tooth retention is a very positive development, natural
teeth are at significant risk from chronic dental diseases particularly
when coupled with hyposalivation [2]. Age-related systemic diseases
can make it extremely difficult to clean remaining natural teeth and
removable dental prostheses, therefore the maintenance burden is very
high. In a review, Gonda et al. state that removable partial dental
prostheses (RPDP) may be a significant factor for further multiple tooth
loss and have the potential to contribute to oral disease [3].

https://doi.org/10.1016/j.jdent.2017.11.003
Received 18 October 2017; Received in revised form 6 November 2017; Accepted 8 November 2017

⁎ Corresponding author at: Division of Gerodontology, School of Dental Medicine, University of Bern, Freiburgstrasse 7, Bern, 3010 Switzerland.
E-mail address: martin.schimmel@zmk.unibe.ch (M. Schimmel).

Journal of Dentistry 68 (2018) 66–71

0300-5712/ © 2017 Elsevier Ltd. All rights reserved.

T

305

http://www.sciencedirect.com/science/journal/03005712
https://www.elsevier.com/locate/jdent
https://doi.org/10.1016/j.jdent.2017.11.003
https://doi.org/10.1016/j.jdent.2017.11.003
mailto:martin.schimmel@zmk.unibe.ch
https://doi.org/10.1016/j.jdent.2017.11.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jdent.2017.11.003&domain=pdf


In older people, it has been shown that the perceived ability to chew
foods is closely associated with the number of natural teeth remaining,
as well as the number of occluding pairs of teeth [4,5]. There are many
factors that can potentially influence food choice, such as socio-eco-
nomic status, cultural beliefs and personal preference. However the
physical ability to bite and chew is also very important [6]. There is
evidence to suggest that a reduction in the number of natural teeth can
subsequently reduce chewing ability, with edentate patients demon-
strating poorer chewing ability compared to patients who are dentate
[7]. This has been shown to result in changes in food choice behaviour,
as well as a decreased enjoyment of food [7]. Further, a reduced, un-
restored dentition is associated with increased mortality risk [8]. When
fewer natural teeth are present, older adults tend to develop food choice
habits based around foods that are softer and easier to chew. Further,
for example, serum 25-hydroxyvitamin D was inversely associated with
incidence of tooth loss and might be a protective factor for tooth loss
[9]. However, these soft foods are often low in nutrients and fibre but
high in calories and complex carbohydrates [10,11]. Some of the pos-
sible reasons for this are thought to be difficulty in chewing hard foods
such as certain raw vegetables and fruits, and a diminished sense of
taste.

Chewing is a complex function of the oro-facial system. The ulti-
mate goal is to break down and lubricate foodstuffs, and thus form a
cohesive bolus that is safe to swallow [12]. This process involves nu-
merous structures including muscles, mucosa, salivary glands, central
and peripheral nerves as well as cortical and basal structures and re-
ceptors [13,14]. However, the most important predictor for masticatory
function is the number and distribution of natural teeth and dental
prostheses [15]. Loss of occluding tooth pairs can result in reduced
chewing efficiency and may in turn influence nutritional status. [16].
Chewing efficiency with a reduced dentition may result in a reduction
in masticatory performance by up to 40% and RPDPs may only partially
compensate this functional deficit [17,18]. Prosthodontic rehabilitation
has previously been demonstrated to provide mixed results in im-
proving masticatory ability in partially dentate older patients [19].

The aim of this study was to compare the chewing efficiency of
partially dentate older patients with RPDP with those restored to a SDA.
The study also aimed to investigate if an improvement in masticatory
function was associated with an improvement in overall nutritional
status.

2. Material and methods

2.1. Study design

A randomised controlled clinical trial (RCT) was conducted to
compare the two treatment modalities (Trial Registration no.
ISRCTN26302774). The inclusion criteria for patients involved in the
study were: aged 65 years and older; minimum of six remaining sound
natural teeth in either arch, seeking replacement for missing natural
teeth; ability to accept routine dental care in a dental chair; no medical
conditions which could prevent routine dental treatment. Two centres
were used for patient recruitment; Cork University Dental Hospital
(CUDH) and St Finbarr’s Geriatric Day Hospital (SFDH) in Cork,
Ireland. Patients recruited from SFDH represented an older and more
systemically unwell cohort. Before treatment commenced, written in-
formation regarding the proposed treatment was provided for each
patient involved in the study, and each patient also completed a written
consent form prior to treatment. The Cork Teaching Hospitals Ethics
Committee granted full ethical approval for the study (ref: ECM 5 (9)
05/02/08).

2.2. Randomisation

In this study patients were randomly allocated to one of two treat-
ment groups; the RPDP treatment group, or the SDA treatment group. A

computer-generated schedule in SAS© was utilised to perform the
randomization remote from the clinical setting. The randomisation was
stratified according to gender and age, and was carried out in blocks of
varying length. For both the CUDH and SFDH recruitment sites a se-
parate schedule for the randomisation was produced. Both the RPDP
and SDA treatment groups contained patients recruited from both re-
cruitment sites, and these were randomised independently. The ran-
domisation procedure was performed by a research assistant, and the
allocation of treatment groups was carried out by the clinical operator
who was blinded to the allocation. For the duration of the study pa-
tients were assessed using an intention to treat analysis; patients were
analysed according to the initial treatment intent (determined by the
randomisation process), and not the treatment eventually administered.

2.3. Operative care

For the patients to be involved in the study they were required to be
dentally fit. Prior to treatment onset they received standardised dental
care which included extraction of unrestorable teeth, restoration of
caries and replacement of defective direct restorations, extensive oral
hygiene instruction and non-surgical periodontal treatment. The pa-
tients within the RPDP group had complete arch restoration; with
missing teeth replaced using cobalt-chromium frameworks. For the SDA
group patients, adhesive resin bonded bridgework (RBB) was carried
out according to a standardised protocol throughout the arch to restore
patients to a premolar occlusion of 10 occluding pairs of natural and
replacement teeth. Posterior teeth distal to the SDA were left un-
opposed. Minimal tooth preparation within enamel only was carried
out to produce retentive forms and increase the surface area for
bonding. For the purpose of this study the RPDP and RBB used were
constructed by the same dental laboratory and all operative treatment
was conducted by a single clinician with postgraduate training in
prosthodontics.

2.4. Data collection

The primary outcome measure for this RCT was oral health related
quality of life (OHRQoL), which was measured using OHIP-14 [20].
Masticatory performance was included as a secondary outcome mea-
sure.

2.4.1. Masticatory performance
Masticatory performance was assessed with a previously validated

colour-mixing ability, i.e. bolus-kneading, test [21,22]. A two-coloured
chewing gum (Vivident Fruitswing “Karpuz/Asai Üzümü”, Perfetti van
Melle, Turkey) was used. The gum contained a green and dark violet
layer with the dimensions 43 × 12 × 3 mm. The gum was relatively
soft (Shore hardness OO: green side: mean depth of indentation
0.8 ± 0.08 mm, mean Durometer 67.4, violet side: mean depth of in-
dentation 1.1 ± 0.08 mm, mean Durometer 58.4) and did not adhere
to denture resin, artificial teeth or to cast metal frameworks.

The chewing gum was placed in each patient’s mouth and they were
asked to chew normally, with the operator counting the chewing
strokes. After 20 chewing cycles, the gum was retrieved from the oral
cavity and placed in a transparent plastic bag. The gum was then flat-
tened to a 1 mm thick wafer. Both sides of the wafer were scanned with
a standard flatbed scanner (Epson Perfection V37, Epson Deutschland
GmbH, Kloten, Switzerland) at a resolution of 300dpi and saved in *jpg
format. Both images were then jointly imported into the ViewGum ©
(www.dhal.com) software. The software transformed the images in the
HIS (hue, intensity, saturation) colour space and separated semi-auto-
matically the gum from the background. The hue component in this
colour space showed two well-separated peaks, when the colours were
not mixed. Those peaks gradually merged as the mixing of the colours
increased. The variance of hue (VOH) was therefore considered as the
measure of mixing [23]. VOH is significantly associated with the
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number of chewing cycles and correlates to the comminution test [22].
It was therefore used as the measure for masticatory performance in
this bolus-kneading test.

2.4.2. Nutritional status
To assess nutritional status, the mini nutritional assessment (MNA)

was administered by a research nurse at baseline (pre-treatment) and
12 months post-treatment intervention. The research nurse was blinded
to the treatment group allocation of all participants involved.
Haematological samples were provided by participants and screened in
Cork University Hospital for biochemical markers of nutritional status
including serum albumin, serum cholesterol, ferritin, folate, vitamin
B12 and 25-hydroxycholecalciferol (vitamin D) according to standard
hospital protocols. Haematological samples were collected from each
participant at baseline and 12 months post-treatment intervention, by a
research nurse blinded to the treatment group allocation.

2.5. Sample size calculation

A power calculation was made based on summary OHIP-14 score
data from the UK Adult Dental Health Survey as this was the primary
outcome measure for the study.

The sample size calculation (α= 0.05, β = 0.8) indicated that 44
patients from both treatment groups were required to complete the
study, however the aim was to over-recruit patients to allow for a drop-
out rate of up to 30%. The sample size calculation was also checked to
ensure validity for masticatory performance as a secondary outcome
measure. The null hypothesis tested was that there would be no dif-
ference observed in masticatory performance between the RPDP Group
and the SDA Group. Data from a previous study employing the same
methodology was used [22]. The effect size d was 1.77 for VOH be-
tween the investigated groups and it was calculated that a total sample
size of 40 (n = 20 in each group) was necessary to achieve sufficient
power (α = 0.0001, β = 0.90) to reject the null-hypothesis. The cal-
culation was performed using PS Power and Sample Size Calculations
Version 3.1 [24].

2.6. Statistical analysis

All variables recorded were summarised using appropriate de-
scriptive statistics and graphics, and presented by time-point and
treatment group. All statistical analysis was carried out using R, version
3.2.2 (The R Project for Statistical Computing, Vienna, Austria), with
the additional package “lme4”. Frequency and descriptive statistics
were calculated for numerical and categorical variables (mean, stan-
dard deviation, median and quantiles as appropriate). Student’s t-tests
were performed to compare means and frequencies were compared
using a binomial test for proportions. In order to detect associations
between two quantitative variables with a normal distribution, the two
variables in question were plotted against each other and a Pearson’s
correlation carried out, to indicate the strength and direction of the
association between the two variables. Masticatory performance (VOH)
was also further analysed with linear regression; with several models
being performed to find the optimal predictive structure. Linear mixed
effects models were also performed for flexibility for both fixed and
random effects and to allow predictors to be controlled for age or
gender.

For all analyses performed the level of significance was set to 0.05.

3. Results

3.1. Characteristics of the study participants

A total of 89 participants were recruited into the study and ran-
domly allocated to RPDP group (n = 44) and the SDA group (n = 45),
respectively (Fig. 1). At baseline there were no significant differences

observed between the two patient groups, with regards to gender, age,
number of teeth and number of occluding units (OU). Twelve months
after treatment intervention, the RPDP group had a significantly higher
number of OU (Table 1)) compared to the SDA group (p < 0.0001).

3.2. Masticatory performance

Masticatory performance was very similar at baseline for both
groups and increased significantly 12 months after prosthodontic re-
habilitation (differences for both groups p < 0.001). However, there
were no significant differences between groups observed (p = 0.169)
(Fig. 2).

3.3. Nutritional parameters

A detailed article on the nutritional parameters has been reported
elsewhere [25]. A mixed-model analysis of covariance (ANCOVA) was
performed to investigate haematological markers for both the RPDP
and SDA treatment groups. When the two treatment groups were

Fig. 1. Patient flow diagram.

Table 1
Patient characteristics for both the conventional RPDP and SDA groups.

RPDP group SDA group p-value

Number of participants (n = 89) 44 45
Gender 23♀, 21 ♂ 25♀, 20 ♂ 0.885
Age [years ± SD] 79.7 ± 5.41 79.6 ± 6.45 0.934
Teeth at baseline [n] 18.6 ± 3.14 17.2 ± 4.30 0.090
OU at baseline [n] 6.8 ± 1.38 7.3 ± 1.24 0.056
OU at 12 months [n] 13.9 ± 0.55 10.0 ± 0.00 < 0.0001

Removable Partial Dental Prostheses (RPDP), Shortened Dental Arch (SDA), Standard
Deviation (SD), Occluding Units (OU).
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compared, no statistically significant differences were observed after 12
months for the following markers; Vitamin B12 (p = 0.94), Serum
Folate (p = 0.58), Ferritin (p = 0.70), Albumin (p = 0.82), Serum
Total Cholesterol (p = 0.37) and Vitamin D (p = 0.7666). Whilst MNA
scores showed some improvements over the length of the study
(p < 0.05) these were similar within the two treatment groups
(p > 0.05).

3.4. Predictors of nutritional state

As baseline and at the 12 months follow-up, no significant corre-
lations were observed between masticatory performance (VOH) and
MNA score or any of the haematological biomarkers tested (Table 2).
The mixed-effects linear regression model illustrated that during the
course of this study, MNA score increased at each time point after
treatment intervention. Increasing age was significantly associated with
lower MNA scores and therefore with diminished nutritional state.
Applying the same statistical model, Vitamin D levels increased during
the study period and could be predicted from the assessment time point.
All of the other potentially predictive factors were not statistically
significant in the applied regression model (Table 3).

4. Discussion

4.1. Principal findings

In summary, this RCT demonstrates a significant improvement in
masticatory function in partially dentate older adults rehabilitated with
either RPDPs or according to the principles of the SDA. Although the
number of occluding antagonist pairs of teeth was significantly higher
in patients with RPDP, there was no significant difference in the in-
crease in masticatory function compared to patients restored to a SDA.

The study results illustrate that nutritional status is not consistently
associated with masticatory function based on linear regression models.

Fig. 2. Boxplot for the chewing efficiency as assessed for the Variance of Hue (VOH) at
baseline and 12-months follow-up. A low VOH signifies a high chewing efficiency and
vice versa. Removable Partial Dental Prostheses (RPDP), Shortened Dental Arch (SDA).

Table 2
Correlation between chewing efficiency (VOH) and nutritional parameters.

BL 12 M

rho p-value rho p-value

Total MNA Score (n) 0.19 0.068 0.08 0.465
Vitamin B12 (ng/L) 0.07 0.488 0.07 0.509
Serum Folate (ng/ml) 0.13 0.222 0.16 0.129
Serum Ferritin (ng/ml) 0.10 0.354 0.01 0.948
Serum Total Cholesterol (mmol/L) 0.10 0.361 0.02 0.881
Vitamin D (25-hydroxycholecalciferol) (nmol/L) 0.09 0.402 0.05 0.618

Table 3
Regression table for the random-effects linear regression models with the variable par-
ticipant as random effect. Explanatory variables comprise the treatment modality
Removable Partial Dental Prosthesis/Shortened Dental Arch (RPDP/SDA), the time point
of assessment (12months/baseline), age (years), gender (male/female) and chewing
performance (VOH). Coefficient – estimated effect and it’s 95% Confidence Intervals (CI).

Mini Nutritional Score

coefficient 95%-CI p- value

RPDP/SDA 0.06 −1.50–1.63 0.936
time point 1.15 0.76–1.54 < 0.001*

age −0.16 −0.28–−0.04 0.009*

gender −0.79 −2.36–0.79 0.328
VOH 1.06 −0.31–2.43 0.129
constant 34.57 24.70–44.44 < 0.001

Vitamin B12

coefficient 95%-CI p- value

RPDP/SDA −15.73 −63.18–31.71 0.516
time point −18.49 −47.83–10.84 0.217
age −2.05 −5.80–1.70 0.284
gender −48.97 −97.06–−0.87 0.046*

VOH −13.88 −98.31–70.54 0.747
constant 484.13 179.49–788.78 0.002

Serum Folate

coefficient 95%-CI p- value

RPDP/SDA −1.21 −2.73–0.32 0.121
time point 0.10 −0.98–1.18 0.853
age −0.09 −0.21–0.03 0.156
gender −1.08 −2.61–0.45 0.168
VOH 2.56 −0.18–5.30 0.067
constant 15.17 4.77–25.56 0.004

Serum Ferritin

coefficient 95%-CI p- value

RPDP/SDA −2.53 −39.34–34.28 0.893
time point 20.38 −1.59–42.36 0.069
age −1.59 −4.72–1.53 0.317
gender 2.90 −34.17–39.97 0.878
VOH 49.22 −14.49–112.93 0.130
constant 224.66 −27.79–477.12 0.081

Serum Total Cholesterol

coefficient 95%-CI p- value

RPDP/SDA −0.03 −0.37–0.31 0.863
time point 0.12 −0.14–0.38 0.363
age 0.01 −0.02–0.04 0.559
gender 0.05 −0.30–0.40 0.777
VOH 0.13 −0.51–0.78 0.690
constant 4.07 1.38–6.75 0.003

Vitamin D (25-hydroxycholecalciferol)

coefficient 95%-CI p- value

RPDP/SDA −1.93 −13.57–9.71 0.745
time point 9.05 3.17–14.92 0.003*

age −0.69 −1.46–0.07 0.076
gender −5.01 −16.85–6.84 0.408
VOH −4.94 −22.06–12.17 0.571
constant 130.42 66.38–194.45 <0.001

* p < 0.05.
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However, with increasing masticatory function some nutritional para-
meters, including MNA, improved.

4.2. Critique of the method

4.2.1. Chewing assessment
Chewing may be assessed subjectively, i.e. chewing ability or ob-

jectively. For the objective evaluation numerous methods have been
described [26]. These comprise comminution tests, bolus-mixing ability
tests and shearing capacity tests. The gold standard for assessing
chewing efficiency remains today the sieving test in which a breakable
foodstuff is chewed for a given number of chewing cycles or until the
swallowing reflex begins [27]. The test food is spat out, cleaned, dried
and analysed according to the Rosin-Rammler formula. This method is
very precise, but depends largely on the maximum available biting
force. It is time consuming, messy and necessitates a laboratory setting.
Furthermore, the particles produced may comprise a choking risk in
elderly or dysphagic patients. Therefore, bolus-kneading tests have
been developed, which are simply to use, cost-effective and quick to
administer. The test specimens usually comprise coloured waxes or
chewing gum, which form a cohesive bolus which is easy to control,
even in stroke patients [21,28]. Comminution and bolus-kneading tests
are positively and significantly correlated [22].

4.2.2. Chewing assessment results
The current randomised controlled clinical trial was performed with

an adequate sample size, both for the primary and secondary outcome
measures. The number of teeth and number of occluding posterior teeth
have been described as one of the most important predictors for mas-
ticatory function [15,29,30]. However, this does not appear to hold true
for partially dentate patients with RPDPs, especially in patients with
bilateral free-end saddles where chewing and denture stability remains
difficult. These findings correlate with previous clinical trial data which
suggested that patients with SDA treatment had adequate masticatory
function in the long term [5,31–33] as well as providing satisfactory
comfort and appearance [31]. Studies have also demonstrated that
treatment according to the SDA concept may be a more appropriate
treatment option for elderly patients, who may feel more comfortable
chewing with this treatment option [25,33,34]. This study further de-
monstrates that various teeth-related factors (numbers of remaining
natural teeth and numbers of occluding pairs of teeth at baseline and 12
months, controlled for age and gender), are not significant predictors of
masticatory performance. This conflicts with previous research, po-
tentially due to small sample size, which shows an association between
oral health status and chewing ability [35] which would suggest the
need for further research into the masticatory performance of this po-
pulation group. It must be recognised that all patients in this study
received standardised oral care to render them dentally fit prior to any
prosthodontic interventions. This may have positively influenced
chewing ability even without replacing missing units. This data was not
captured as part of this study but may be interest to future work.

Removable partial dentures are a popular tooth replacement treat-
ment offered to many patients [36]; however, there are several lim-
itations associated with their usage in partially dentate older patients.
These include high levels of non-compliance with usage [37] mainly
due to impaired aesthetics or oral discomfort [38] and also an increased
risk of dental disease such as caries and periodontitis [39]. Many older
patients receive RPDPs as part of publicly funded dental care; and it is
now an emerging issue of debate as to whether RPDP treatment is an
efficient use of public funds and whether it is the most effective form of
treatment for the patients concerned [38].

There are several available alternatives to RPDP treatment, in-
cluding functionally orientated approaches such as the shortened dental
arch (SDA) concept [40]. This strategy focuses on the anterior and
premolar teeth, considered necessary for masticatory function and
aesthetic purposes [41] and aims to achieve an acceptable level of oral

function through the provision of a functional dentition of 10 occluding
pairs of teeth [42]. This form of treatment has been shown to be easily
maintained by patients and acceptable to clinicians, however evidence
suggests that SDA treatment is an underutilised approach, but may be
contraindicated in some instances [33,43].

4.2.3. Nutritional assessment
Although masticatory performance at baseline and 12 months was

not significantly associated with various markers of nutritional state or
MNA score, it is still worth noting the magnitude of evidence suggesting
the relationship between oral health status and diet and subsequently
nutritional state in the older adult population [6,7]. It is a particularly
important area as it has been observed that older adults with oral health
issues often avoid several foods and are at risk of nutritional defi-
ciencies [6,44].

Some studies have shown that patients with missing natural teeth
replaced with removable dentures can improve their dietary choices
whilst other studies have shown little change [45]. Food choice and diet
are influenced by a number of factors including socio-economic status
and educational attainment in addition to dental status.

In this study, regression models were used to predict masticatory
performance at two different time points (baseline and 12 months) and
the difference between the two, using factors, including markers of
nutritional status, that were also assessed at baseline and 12 months.
Although none of the factors tested were significant predictors of
masticatory performance, potentially due to poor model fit or small
sample size, there are conflicting opinions regarding the relationship
between masticatory performance, oral health status and various mar-
kers of nutritional status [35,46], highlighting the need for further re-
search in the area.

5. Conclusions

These results indicate that prosthodontic rehabilitation according to
the principles of the SDA is equivalent to RPDPs in terms of restoration
of chewing capacity for partially dentate older patients. Enhanced
masticatory performance alone does not signify improved nutritional
state.
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NICOLA Self-Completion Questionnaire 

 
 

 
 

 
      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
┌                                                                     ┐ 

 
 
 
 

 
└                                                                    ┘ 

FOR OFFICE USE ONLY 

 

Participant Unique reference 

 

ISSUE CODE: Please circle 

                                                                           

                  

                                        1 - Home interview (Interviewer) 

 

             2 - With Certificate 

 

   3 - Reissue 

      

 

1 

 

2 

 

3 
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How to complete the questionnaire: 
 
 
 
 
Please answer questions by ticking the box next to the answer, as in the 
example below.  

 
      Some questions have instructions that show which question to answer     

next.  
 
      If there are no instructions, just answer the next question. 
 
 
 
      Example Question 
 
 
 

     

 

Did you have breakfast this morning? 

 

              Yes                No  

 

 

 
 
 

 
 
 

 
 

 

Now please go to Q1 and start filling in your answers 
 
 
 

  

1 2 
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The following are questions about computers, please tick the one 
box that best describes your answer. 
 
 

     

Q1.  Do you use a computer, telephone  
with internet access or tablet (for example an ipad)? 

 

              Yes                No  

 
 
 
 
 
 
 

How often have you used computers and the internet in the last 12 
months to:  
     

    Very  

   often 

Fairly          

often 

 Rarely Never 

Q2.  - - - play games?   3  

Q3.  - - - write and edit letters, reports  

and other documents? 

  3  

Q4.  - - - make films or animation?   3  

Q5.  - - - create and manipulate images  

e.g. (photographs)? 
  3  

Q6.  - - - watch DVD’s/Videos?   3  

    

 

    

 

Please continue overleaf 

  

1 2 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

If No – Please skip to Question 24. 
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 Very  

often 

Fairly 

often 

 Rarely Never 

Q7.  - - - make music?   3  

Q8.  - - - listen to music (CD’s / MP3’s)? 

 
  3  

Q9.  - - - fiddle around/explore different  

bits on the computer to develop your  

own knowledge? 

    

Q10.  - - - organise the computers  

files / memory? 

  3  

Q11.  - - - program the computer?   3  

Q12.  - - - learn something  

e.g. from Google? 

  3  

Q13.  - - - Send / read emails?   3  

Q14.  - - - make or maintain your own  

website? 
  3  

Q15.  - - - look for products and services/  

gather product information online? 
  3  

Q16.  - - - buy goods or services 

online? 
  3  

Q17.  - - - online banking/management 

of personal finances? 
  3  

Q18.  - - - look for information related to 

work / business / study ? 
  3  

Q19.  - - - download software, music, films 

or images? 

  3  

Q20.  - - - participate in educational  

courses / lessons? 

  3  

Q21.  - - - use adult entertainment?   3  

Q22.  - - - browse / surf for no specific  

purpose? 

  3  

Q23.  - - - use internet newsgroups 

bulletin boards, chat rooms or instant  

messages? 

  3  

 

2 1 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 
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Here are some questions regarding the way you have been feeling 

over the last few weeks.  For each question please tick the box next 

to the answer that best describes the way you felt. 

 

Have you recently . . .  

     

 Better than 

usual 

Same 

as 

usual 

Less 

than 

usual 

Much 

less than 

usual 

Q24.  - - - been able to concentrate on  

whatever you are doing? 
  3  

 
 

                                                                                       

     

 Not at  

all 

No 

more 

than 

usual 

Rather 

more 

than 

usual 

Much 

more 

than 

usual 

Q25.  - - - lost much sleep over worry?   3  

 
 

     

 More so 

than 

usual 

No more 

than 

usual 

Rather 

more 

than 

usual 

Much 

less 

than 

usual 

Q26.  - - - felt that you are playing a useful  

part in things? 
  3  

Q27.  - - - felt capable of making decisions 

about things? 
  3  

 

                                                                                       

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 
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Have you recently . .     

 Not at  

all 

No 

more 

than 

usual 

Rather 

more 

than 

usual 

Much 

more 

than 

usual 

Q28.  - - - felt constantly under strain?   3  

Q29.  - - - felt you couldn’t overcome your  

difficulties? 
  3  

 

     

     

 More so 

 than  

usual 

Same 

as usual 

Less so 

than 

usual 

Much 

less 

than 

usual 

Q30.  - - - been able to enjoy your day-to- 

day activities? 

  3  

Q31.  - - - been able to face up to your  

problems? 
  3  

 

 
    

 Not at  

all 

No 

more 

than 

usual 

Rather 

more 

than 

usual 

Much 

more 

than 

usual 

Q32.  - - - been feeling unhappy or  

depressed? 
  3  

Q33 - - - been losing confidence in 

yourself? 
  3  

Q34.  - - - been thinking of yourself as a 

worthless person? 
  3  

 

 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 

 

1 2 

  

3 

 

4 
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Have you recently . .     

 More so 

than  

usual 

Same 

as  

usual 

Less so 

than 

usual 

Much 

less 

than 

usual 

Q35.  - - - been feeling reasonably happy, 

All things considered? 
  3  

 

     

Q36. Are you taking any medicine or 

tablets for stress / anxiety? 

 

 

              Yes                 No  

     

Q37. Are you taking any medicine or  

tablets  for depression? 

 

 

              Yes                 No  

     

Q38. Do you think you have a nervous  

illness? 

 

 

              Yes                 No  

 

 

 

  

1 2 

  

1 2 

  

1 2 

 

1 2 

  

3 

 

4 
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The following are questions about your vision. 

 

 

Q39.  At the present time, would you say your eyesight (with glasses or contact 
lenses, if you wear them) is: 
 
   

   Excellent                Good             Fair                    Poor              Are you   

completely blind 

  

     

 

 
 
Q40.  How much of the time do you worry about your eyesight?   
 
   

   None of                 A little          Some of              Most of                All of  

   the time             of the time      the time              the time             the time  

 

   

     

 
 

 

Q41. How much difficulty do you have reading ordinary print in newspapers? 

 

    

No difficulty   A little         Moderate      Extreme     Stopped doing     Stopped doing 

      at all        difficulty        difficulty        difficulty    because of your     this for other 

                                                                                      eyesight           reasons or not 

                                                                                                                interested in 

                                                                                                                   doing this       

               

 

                                                                           

 

     

1 2 3 4 5 

     

1

 

  

2

 

  

3 4

 

  

5

 

  

6

 

  

  

4

 

  

     

1 2 3 4 5 

 
6
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Q42.  How much difficulty do you have doing work or hobbies that require you to see 

well up close, such as cooking, sewing, fixing things around the house, 

or using hand tools? 

     

No difficulty   A little         Moderate      Extreme     Stopped doing     Stopped doing 

      at all        difficulty        difficulty        difficulty    because of your     this for other 

                                                                                      eyesight           reasons or not 

                                                                                                                interested in 

                                                                                                                   doing this       

               

 

 

 

Q43. Because of your eyesight, how much difficulty do you have going down steps, 

stairs or curbs in dim light or at night? 

     

No difficulty   A little         Moderate      Extreme     Stopped doing     Stopped doing 

      at all        difficulty        difficulty        difficulty    because of your     this for other 

                                                                                      eyesight           reasons or not 

                                                                                                                interested in 

                                                                                                                   doing this       

               

 

 

 

Q44. How much difficulty do you have driving during the daytime in familiar places? 

 

     

No difficulty   A little         Moderate      Extreme     Stopped doing     Stopped doing 

      at all        difficulty        difficulty        difficulty    because of your     this for other 

                                                                                      eyesight           reasons or not 

                                                                                                                interested in 

                                                                                                                   doing this       

               

 

 

Code ‘8’ if non-driver. 

     

1

 

  

2

 

  

3 4

 

  

5

 

  

6

 

  

  

4

 

  

     

1

 

  

2

 

  

3 4

 

  

5

 

  

6

 

  

  

4

 

  

     

1

 

  

2

 

  

3 4

 

  

5

 

  

6

 

  

  

4
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Q45. Are you limited in how long you can walk or do other activities such as house 

work, childcare, school or community activities because of your vision? 

 

   

     All of                 Most of          Some of            A little of             None of  

   the time             the time          the time             the time             the time  

 

   

     

 

 

Q46. Because of your eyesight, how much difficulty do you have noticing objects off 

to the side while you are walking along?  

     

No difficulty   A little         Moderate      Extreme     Stopped doing     Stopped doing 

      at all        difficulty        difficulty        difficulty    because of your     this for other 

                                                                                      eyesight           reasons or not 

                                                                                                                interested in 

                                                                                                                   doing this       

               

 

 

Q47. Because of your eyesight, how much difficulty do you have finding something 

on a crowded shelf?  

     

No difficulty   A little         Moderate      Extreme     Stopped doing     Stopped doing 

      at all        difficulty        difficulty        difficulty    because of your     this for other 

                                                                                      eyesight           reasons or not 

                                                                                                                interested in 

                                                                                                                   doing this       

               

 

 

 

 

 

 

     

1 2 3 4 5 

     

1

 

  

2

 

  

3 4

 

  

5

 

  

6

 

  

  

4

 

  

     

1

 

  

2

 

  

3 4

 

  

5

 

  

6

 

  

  

4
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The following questions are about how you feel. 

                           
         

How often do you feel…… 

 

 Hardly 

ever 

Some-

times 

Often 

Q48. … lonely               3 

Q49. … you lack companionship    3 

Q50. … isolated from others    3 

Q51. … left out 

 
   3 

Q52. … in tune with the people around you    3 

 
 

The following are questions about your health. 

 

Q53. Overall in the last 30 days, what degree of aches and pains have you had? 

 

   

      None                    Mild               Moderate              Severe             Extreme  

    

   

     

 
 
Q54. In the last 30 days, how much difficulty have you had with sleeping, such as 

falling asleep, waking up frequently during the night or waking up too early in the 

morning? 

   

      None                    Mild               Moderate              Severe             Extreme  

    

   

     

 
 

   

1 2 3 

     

1 2 3 4 5 

 

2 1 

  

3 

 

2 1 

  

3 

 

2 1 

  

3 

 

2 1 

  

3 

4 

 

3 

 

5 

 

2 

 

1 
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Q55. Overall, in the last 30 days, how much of a problem have you had with moving? 

   

      None                    Mild               Moderate              Severe             Extreme  

    

   

     

 
Q56. Overall, in the last 30 days, how much difficulty have you had with 

concentrating or remembering things? 

   

      None                    Mild               Moderate              Severe             Extreme  

    

   

     

  

 

 

 

 

 

 

 

 

 

 

 

 

Q57. Overall, in the last 30 days, how much of a problem have you had because of 

shortness of breath? 

   

      None                    Mild               Moderate              Severe             Extreme  

    

   

     

 

Q58. Overall, in the last 30 days, how much of a problem have you had with feeling 

sad, low or depressed? 

   

      None                    Mild               Moderate              Severe             Extreme  

    

   

     

  

 
 

 
 
 
 
 

 
 
 
 
 

Q59. How much are you limited in the kind of amount of activity or work that you can 
do due to an impairment or health problem? 
 
   

      None                    Mild               Moderate              Severe             Extreme  

    

   

     

  

 

4 

 

3 

 

5 

 

2 

 

1 

 

4 

 

3 

 

5 

 

2 

 

1 

 

4 

 

3 

 

5 

 

2 

 

1 

 

4 

 

3 

 

5 

 

2 

 

1 

 

4 

 

3 

 

5 

 

2 

 

1 
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In these next questions we will give you some examples of people 
with health problems. We would like to indicate the extent to which 
you think these people would be limited in the kind or amount of 
work they can do. Please assume that the people have the same 
age, education and work history that you have.  Other than the 
conditions mentioned you should imagine the individual is in 
reasonably good health. 

 
 
 
 
 
 

Q60. Dorothy has almost constant pain in her back and this sometimes prevents her 

from doing her work.   

 

 

  How much is Dorothy limited in the kind or amount of work she could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 
 

 

 

Q61.  Patrick suffers from back pain that cause stiffness in his back especially at 

work but it is relieved with low doses of medication.  He does not have any other 

pains other than this generalised discomfort.   

 

 

  How much is Patrick limited in the kind or amount of work he could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

     

1 2 3 4 5 

     

1 2 3 4 5 
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Q62. Bernadette has pain in her back and legs, and the pain is present almost all the 

time.  It gets worse while she is working.  Although medication helps, she feels 

uncomfortable when moving around, holding and lifting things at work.   

 

 

  How much is Bernadette limited in the kind or amount of work she could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 

 

Q63. Samuel feels worried all the time.  He gets depressed once a week at work for 

a couple of days in a row, thinking about what could go wrong and that his boss will 

disapprove of his condition.  But he is able to come out of this mood if he 

concentrates on something else.   

 

 

  How much is Samuel limited in the kind or amount of work he could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Q64.  Irene has mood swings whilst at work.  When she gets depressed, everything 

she does at work is an effort for her and she no longer enjoys her usual activities at 

work.  These mood swings are not predictable and occur two or three times a month.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  How much is Irene limited in the kind or amount of work she could do? 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 

     

1 2 3 4 5 

     

1 2 3 4 5 

     

1 2 3 4 5 
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Q65. Gerard generally enjoys his work.  He gets depressed every three weeks for a 

day or two and loses interest in what he usually enjoys but is able to carry on with his 

day-to-day activities at work.   

 

 

  How much is Gerard limited in the kind or amount of work he could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 
 

 
 
 
 
 

 
 
 
 
 

       
Q66. Bridget has had heart problems in the past and she has been told to watch her 

cholesterol level.  Sometimes if she feels stressed at work she feels pain in her chest 

and occasionally her arms.   

 

 

  How much is Bridget limited in the kind or amount of work she could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 

 

Q67. Kenneth has been diagnosed with high blood pressure.  His blood pressure 

goes up quickly if he feels under stress.  Kenneth does not exercise much and is 

overweight.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  How much is Kenneth limited in the kind or amount of work he could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 

     

1 2 3 4 5 

     

1 2 3 4 5 

     

1 2 3 4 5 
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Q68. Francis has undergone triple bypass heart surgery.  He is a heavy smoker and 

still experiences severe chest pain sometimes.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  How much is Francis limited in the kind or amount of work he could do? 

 

     Not limited           Mildly           Moderately          Severely          Extremely  

    

   

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please continue overleaf 

     

1 2 3 4 5 
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The following are questions about your experience of the Troubles 

in Northern Ireland. This includes questions about physical injury 

you personally experienced or the injury or death to a close friend 

or relative.  Questions about imprisonment are also included.  If 

you feel uncomfortable answering these questions, then you do not 

need to answer them.  All answers will be kept strictly confidential. 

Close friends means no more than the few people whom you would 

confide in and trust most closely.  

Close relatives means those who are part of your household, 

parents and grand-parents, and any other relatives (such as uncles, 

aunts and cousins) whom you would see on a regular basis. 

 
 
 
Q69. Thinking of the Troubles, did you experience any of the following?               
(Tick ALL that apply) 

     

(a). A close friend was killed 

 

 

Yes 

  

 

No 

 

(b). A close relative was killed 
 

 

Yes 

  

 

No 
 

(c). Someone  that you knew personally  

was killed 

 

Yes 

  

 

No 
 

(d). No close friend or relative was killed  

Yes 

  

 

No 
 

 
 
 
 
 
 

Please continue overleaf 

1 

 

2 

 

1 

 

2 

 

1 

 

2 

 

 

1 2 
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Q70.  Again, thinking of the troubles, did you experience any of the following?      
(Tick ALL that apply) 

     

(a). I was physically injured 

 

 

Yes 

  

 

No 
 

(b). A close friend was physically injured 
 

 

Yes 

  

 

No 
 

(c). A close relative was physically injured  

Yes 

  

 

No 
 

(d). Someone else you know personally was 

physically injured 

 

Yes 

  

 

No 
 

 

 
Q71. Have you yourself directly witnessed any of the following events?                
(Tick ALL that apply) 

     

(a). A bomb explosion  

Yes 

  

 

No 
 

(b). A murder  

Yes 

  

 

No 
 

(c). Gunfire  

Yes 

  

 

No 
 

(d). Rioting  

Yes 

  

 

No 
 

(g). Someone being assaulted  

Yes 

  

 

No 
 

(h). Other serious violence  

Yes 

  

 

No 
 

 

1 

 

2 

 

 

1 2 

 

 

1 2 

 

 

1 2 

 

 

1 2 

 

 

1 2 

 

 

1 2 

 

 

1 2 

 

 

1 2 

 

 

1 2 
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Q72.  Have you, or anyone you know spent  
time in prison because of the troubles? 
 

              

Yes No Do not wish to 

say 

 
 
 
 
 
Q73.  Did these people include …..  (tick ALL that apply) 
 

     

(a). Yourself  

Yes 

  

 

No 
 

(b). Close friends  

Yes 

  

 

No 
 

(c). Close relatives  

Yes 

  

 

No 
 

(d). Other relatives  

Yes 

  

 

No 
 

(e). Others  

Yes 

  

 

No 
 

 
 
 
Q74.  Did you ever have your house searched by the police or army? 

     

  

Yes                                                       

 

 

No 
   

 
 
 
 
 
 

  

1 

 

3 2 

1 2 

  

1 

 

2 

 

1 

 

2 

 

1 

 

2 

 

1 

 

2 

 

  
1

 

  

2

 

  

If ‘No’ or ‘Do not wish to say’ please go to Question 74 
 

If  ‘No’  please go to Question 76 
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Q75.  How many times was your house 
searched? 

              

              

 
 
 
Q76. Did you ever have to move house due to attack, intimidation, threats or 
harassment? 

     

  

Yes                                                       

 

 

No 
   

 
 
 
Q77. Did you ever have to leave a job because of an attack, intimidation, threats or  
harassment? 

     

  

Yes                                                       

 

 

No 
   

 
 

 

          

           

 

 

 
Q78. Thinking of the worst thing that happened to you because of the Troubles, when was 
this? 

 
 

 
 

1969- 

1973 

 

1974- 

1978 

 

1979- 

1983 

 

1984- 

1988 

 

1989- 

1993 

 

1994- 

1998 

 

After  

1998 

 

N/A 

 

           

 
 
 
 
 

  

  
1

 

  

2

 

  

  
1

 

  

2

 

  

1 

 

2

  1 

 
3 4 

 

5 

 

6 

   

7 8 

 

If  ‘N/A’  please go to Question 80 
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Q79. Because of this event, did you  
(Tick ALL that apply) 

     

Seek help from your GP  

Yes 

  

 

No 

 

Join a support group  

Yes 

  

 

No 
 

Go to a counselor or other mental health 

professional 

 

Yes 

  

 

No 
 

Join a campaign  

Yes 

  

 

No 
 

Other  

Yes 

  

 

No 
 

Did not seek help from any professional or group   

 
 

 
 
Q80. How much was the community you live in affected by the Troubles? 
   

    None               A little bit              A moderate           Quite a          An extreme           

                                                          amount                  bit                 amount 

   

       

 
 
 
Q81. In general, what impact do you think the Troubles have had on your life? 
 
   

    None          A little bit              A moderate           Quite a          An extreme           

                                                     Amount                  bit                 amount 

   

       

 

 

1 2 

  

1 

 

2 

 

1 

 

2 

 

1 

 

2 

 

 

1 2 

 

 

0 

     

1 2 3 4 5 

2 

 

3 

 

4 

 

5 

 

1 

 

332



 VERSION 2 

 

22 
 

The following are questions about traumatic events.  This means 
any event you consider traumatic and not just those related to the 
Troubles. 
 

 
    

Q82a.  Have you ever experienced a 
traumatic event? 

              

  Yes               No Do not wish to 

say 

 
 
 
 
 
Q82b. The event happened on  __ __ / __ __ / __ __ __ __    Please give an 

approximate date. 

 

Q82c. Please describe an event in your life that you found stressful or traumatic by 

completing the following sentence. 

The stressful or traumatic event that I experienced was 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

1 

 

3 2 

If  ‘No’ or ‘Do not wish to answer’ please go to Question 84  
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Q83 Below is a list of problems and complaints that are experienced sometimes 

in response to stressful life events. Please put an in the appropriate box to 

indicate how much you have been bothered by that problem in the past month.  

 

                                                                   Not at            A little         Moderately        Quite a         Extremely       

                                                                       all                   bit                                                 bit 

(a). Repeated, disturbing    

memories, thoughts or  

images of a stressful  

experience from the past          

    

(b). Repeated, disturbing  

dreams of a stressful  

experience from the past          

    

(c). Suddenly acting or feeling 

as if a stressful experience 

was happening again (as 

if you were reliving it) 

    

(d). Feeling very upset when 

something reminded you 

of a stressful experience 

from the past 

    

(e). Having physical reactions 

(e.g. heart pounding, 

trouble breathing, or sweating) 

when something reminded you  

of a stressful experience from 

the past 

    

(f). Avoid thinking about or 

talking about a stressful 

experience from the past 

or avoid having feelings 

related to it 

    

(g). Avoid activities or 

situations because they remind 

you of a stressful experience  

from the past 

    

(h).Trouble remembering important  

parts of a stressful 

experience from the past 

 

    

(i). Loss of interest in  

things that you used to enjoy 

 

    

  

     

0 1 2 3 4 

  

0 1 

 

2 

 

3 4 

 

  

0 1 

 

2 

 

3 4 

 

  

0 1 

 

2 

 

3 4 

 

  

0 1 

 

2 

 

3 4 

 

  

0 1 

 

2 

 

3 4 

 

  

0 1 

 

2 

 

3 4 

 

  

0 1 

 

2 

 

3 4 

 

  

0 1 

 

2 

 

3 4 
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Please put an in the appropriate box to 

indicate how much you have been bothered by that problem in the past month 

 

 

                                                              Not at          A little         Moderately        Quite a         Extremely       

                                                                 all                  bit                                                  bit 

(j). Feeling distant or cut off 

from other people 

 

    

(k). Feeling emotionally numb or 

being unable to have loving  

feelings for those close to you 

 

    

(l). Feeling as if your future 

will somehow be cut short 

 

    

(m). Trouble falling or 

staying asleep 

 

    

(n). Feeling irritable or having 

angry outbursts 

 

    

(o). Having difficulty 

concentrating 

 

    

(p). Being ‘super alert’ or 

watchful on guard 

 

    

(q). Feeling jumpy or easily 

startled 

 

    

 

  

 

 

 

 

 

Please continue overleaf 

  

0 1 

 

2 

 

3 

 

4 

  

0 1 

 

2 

 

3 

 

4 

  

0 1 

 

2 

 

3 

 

4 

  

1 0 

 

2 

 

3 

 

4 

  

1 0 

 

2 

 

3 

 

4 

  

1 0 

 

2 

 

3 

 

4 

  

1 0 

 

2 

 

3 

 

4 

  

1 0 

 

2 

 

3 

 

4 
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The following questions are designed to find out about your 

physical activity in your everyday life in the last 4 weeks. 

Q84. Which form of transport have you used most often in the last 4 weeks apart 

from journey to and from work (paid, regular or organised voluntary work)?  

(Please tick ONE box only) 

     

 

Car/Motor vehicle                Walk                   Public  Transport          Cycle 

           

      

 
 
Computer use at home but NOT at work (e.g. internet, email, Xbox, 
Playstation, Wii etc.) 
 

 

 

        

       Hours of home computer 

                use per day   

 

        Please put a tick () on every line 
 

  

Average over the last four weeks 

None Less 

than 

1 

hour 

a day 

1 to 2 

hours 

a day 

2 to 3 

hours 

a day 

3 to 4 

hours 

a day 

More than 

4 hours a 

day 

Q85. On a weekday before 6pm 

 

      

Q86.  On a weekday after 6pm 
 

      

Q87. On a weekend day before 6pm 
 

      

Q88. On a weekend day after 6pm 

 

      

 

    
1 2 3 4 

      

0 1 2 3 4 5 

0 

  

1 2 

  

3 

 

4 

 

5 

0 

  

1 2 

  

3 

 

4 

 

5 

0 

  

1 2 

  

3 

 

4 

 

5 
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Stair climbing at home 
 

 

Number of times you climbed up  

a flight of stairs (approx 10 steps)  

          each day at home  

Please put a tick () on every line 

 

  

Average over the last four weeks 

None 1-5 

times 

a day 

6-10 

times 

a day 

11-15 

times 

a day 

16-20 

times 

a day 

20+ 

times a 

day 

Q89. On a weekday        

Q90.  On a weekend day 

 

      

 

Activity at work 

Please answer this section to describe if you have been in paid 
employment at any time during the last 4 weeks or if you have done 
regular, organised voluntary work such as a co-ordinated 
organisation or church group. It is not informal or irregular 
activities such as help given to friends and family. 

 

Q91. Have you been in employment or done regular, organised voluntary work 

during the last 4 weeks? 

     

  

Yes                                                       

 

 

No 
   

 

      If ‘No’, please go to Question 103 

  

  
1

 

  

2

 

  

0 

 

1 

 

2 

  

3 

 

4 5 

 

0 

 

1 

 

2 

 

3 

 

4 

 

5 
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Q92. During the last 4 weeks how many hours did you do per week? 

 

 

    Work hours             4 weeks         3 weeks             2 weeks            1 week  

    excluding travel   

           

      
 

We would like to know the type and amount of physical activity involved in 

your work.   

Q93. Please tick the option that best corresponds with your occupation(s) in the last 

4 weeks from the following four possibilities. 

 

 
    

Sedentary occupation – you spend most of 

your time sitting (e.g. in the office)      

              

           

Standing occupation – you spend most of your time 

standing or walking.  However, your work does not  

require intense physical effort (e.g. shop assistant, 

hairdresser) 

   

Manual work – this involves some physical effort  

including handling of heavy objects and use of tools (e.g. plumber, 

electrician or carpenter) 

 

   

Heavy manual work – this implies a very vigorous 

physical activity including handling of heavy objects 

(e.g. dock workers, miner, bricklayer, or construction 

worker)            

   

 

 
 
 

    

1 2 3 4 

 

1 

 

 

 

2 

3 

4 
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Q94. Travel to and from work in the last 4 weeks. What is the approximate distance 
from your home to your work? 
 
IN EITHER:    
 

     

  

Miles                                                       

 

 

Kilometers 
   

 

     

Q95. How many times a week did you travel from your home to your main work?  

Please count outward journeys only 

 

  

                                                       

 

    

 
    
 
 
Please tick () ONE box per line 
 

     

 

        How do you normally travel to work 

More so 

than  

usual 

Same 

as 

usual 

Less 

so than 

usual 

Much 

less 

than 

usual 

    

Q97.  By car / motor vehicle   3  

Q98.  By works or public transport   3  

Q99.  By bicycle   3  

Q100.  Walking   3  

 
 
 
 

  

  

    

 

2 1 3 

   

4 

 

2 1 3 

   

4 

 

2 1 3 

   

4 

 

2 1 3 

   

4 
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Q101. What is the postcode for your main place of work during the last 4 weeks? 
 
 
 
 
 
Q102. If not known, please give your work address. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please continue overleaf 
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The following questions ask about how you spent your leisure time.   

Please indicate how often you did each activity on average over the 

last 4 weeks.   

 

Please indicate the average length of time that you spent doing the 

activity on each occasion. 

Example: 

- If you had done weeding of pruning every fortnight and took 1 hour and 10 minutes    

on each occasion.   

 - If you went walking for pleasure for 40 minutes once a week.   

You would complete the table below as follows: 

 

           

 

 
Number of times you did the activity in the last 4 

weeks 

Average 

time per 

episode 

 

 

None Once 

in the 

last 4 

weeks 

2-3 

times 

in the 

last 4 

weeks 

Once 

a 

week 

2-3 

times 

a 

week 

4-5 

times 

a 

week 

Every 

day 

Hours Mins 

 Weeding & pruning          

  

Walking for pleasure 

         

 

 

 
 

  1 10  
 

  1 

 

1

  1 

5 4 3 2 0 

 
6 

 

    
 

 

1

  1 

5 4 3 2 0 

 40 
  1 

 
6 
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Please give an answer for the NUMBER OF TIMES you did the following 
activities in the past 4 weeks and the AVERAGE time you spent on each 
activity. 
 

 

PLEASE COMPLETE EACH LINE 

 

 Number of times you did the activity in the last 4 weeks 

Average 

time per 

episode 

 

 

None Once in 

the last 4 

weeks 

2-3 times 

in the 

last 4 

weeks 

Once a 

week 

2-3 

times a 

week 

4-5 

times a 

week 

Every 

day 

Hours Mins 

 Q103. Swimming – 

competitive 

         

 Q104.  Swimming - 

leisurely 

         

 Q105.  Backpacking 

or mountain climbing 

         

 Q106.  Walking for 

pleasure (not as a 

means of transport) 

         

 Q107.  Racing or 

rough terrain cycling 

         

 Q108.  Cycling for 

pleasure (not as a 

means of transport) 

         

 Q109.  Mowing the 

lawn 

         

 Q110.  Watering the 

lawn or garden 

         

 Q111.  Digging, 

shoveling or chopping 

wood 

         

 Q112.  Weeding or 

pruning 

         

 Q113.  DIY e.g. 

carpentry, home or 

car maintenance 

         

 

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 
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PLEASE COMPLETE EACH LINE 

 

 Number of times you did the activity in the last 4 weeks 

Average 

time per 

episode 

 

 

None Once in 

the last 4 

weeks 

2-3 times 

in the 

last 4 

weeks 

Once a 

week 

2-3 

times a 

week 

4-5 

times a 

week 

Every 

day 

Hours Mins 

 Q114.  High impact 

aerobics or step 

aerobics 

         

 Q115.  Other types of 

aerobics 

         

 Q116.  Exercise with 

weights 

         

 Q117.  Conditioning 

exercises e.g. using a 

rowing machine or 

bike 

         

 Q118.  Floor 

exercises e.g. 

stretching, bending, 

keep fit or yoga 

         

 Q119.  Dancing e.g. 

ballroom or disco 

         

 Q120.  Competitive 

running 

         

 Q121.  Jogging          

 Q122.  Bowling – 

indoor, lawn or 10 pin 

         

 Q123.  Tennis or 

badminton 

         

 Q124.  Squash          

 Q125.  Table tennis          

 

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 
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PLEASE COMPLETE EACH LINE 

 

 Number of times you did the activity in the last 4 weeks 

Average 

time per 

episode 

 

 

None Once in 

the last 4 

weeks 

2-3 times 

in the 

last 4 

weeks 

Once a 

week 

2-3 

times a 

week 

4-5 

times a 

week 

Every 

day 

Hours Mins 

 Q126.  Golf          

 Q127.  Football, 

rugby or hockey 

         

 Q128.  Cricket          

 Q129.  Rowing          

 Q130.  Netball, 

volleyball or 

basketball 

         

 Q131.  Fishing          

 Q132.  Snooker, 

billiards or darts 

         

 Q133.  Musical 

instrument playing or 

singing 

         

 Q134.  Ice-skating          

 Q135.  Sailing, wind-

surfing or boating 

         

 Q136.  Martial arts, 

boxing or wrestling 

         

 

  

0 1

  1 

   

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 

   

 

1

  1 

0 

  

3 2 

 

4 

 

5 

 
6 
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The following questions are about risk. 

 

     

Q137. How do you see yourself: are you generally a person that is fully 
prepared to take risks or do you try to avoid taking risks? Please tick on the  
scale below, where the value 0 means “unwilling to take risks” and the value  
10 means “fully prepared to take risks”. 

  

         

     Unwilling to take risks           Fully prepared to              
 
 
 

   0   1      2       3      4     5  6     7       8     9     10 

 

Q138. Are you a person that is fully prepared to take financial risks or do you try  
to avoid taking financial risks? Please tick on the scale below, where the value 
0 means “unwilling to take risks” and the value 10 means “fully prepared to take  
risks”. 

 

         

     Unwilling to take risks           Fully prepared to              
 
 
 

   0   1      2       3      4     5  6     7       8     9     10 
 
 

 

 

 

 

 

 

 

Please continue overleaf 
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The following questions ask you to make some decisions about 

different hypothetical situations.  You are the sole provider of your 

household and you have the choice between two equally good 

incomes.  The incomes mentioned should be considered net 

income (after all taxes and social security). 

Imagine the following hypothetical situations.  For each of the three 

choices below, which income do you choose? 

 Q139.    

            Income A, which will with certainty give you a £1,500 per month for the rest of  

           your life.   

 Income B which will give you a 50-50 chance of £3,000 and a 50-50 

chance of £1,000 per month for the rest of your life.  

 

 

Q140.    

           Income A, which will with certainty give you a £1,500 per month for the rest of  

          your life.   

  Income B which will give you a 50-50 chance of £3,000 and a 50-50 

chance of £1,200 per month for the rest of your life.  

 

 

Q141.    

           Income A, which will with certainty give you a £1,500 per month for the rest of  

          your life.   

  Income B which will give you a 50-50 chance of £3,000 and a 50-50 

chance of £1,300 per month for the rest of your life.  

 

 

 

 

 

 

 

Please continue overleaf 

 

1 

2 3     

1 

2 3     

1 

2 3     
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Now please consider the following hypothetical scenarios. The 
money amounts mentioned will be without any risk involved and 
should be considered as net income (after all taxes and social 
security).  

Imagine the following hypothetical situations. For each of the 
choices below, which option would you prefer? 

 

 

Q142. Would you rather have  £1,500 now or  £1,506 a month from now    

 

(a)   £1,500                                                        

 

(b)  £1,506 a month from now 

 

 

 

Q143. Would you rather have £1,500 now or  £1,512 a month from now    

 

(a)   £1,500                                                        

 

(b)  £1,512 a month from now 

 

 

 

 

Q144. Would you rather have £1,500 now or  £1,518 a month from now    

 

(a)   £1,500                                                        

 

(b)  £1,518 a month from now 

 

 

 

Q145. Would you rather have  £1,500 now or £1,524 a month from now    

 

(a)   £1,500                                                        

 

(b)  £1,524 a month from now 

 

 

 

2 1 

    

1 

    

2 

1 

    

2 

1 

    

2 
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Q146. Would you rather have a(£1,500 now or (b) £1,536 a month from now    

 

(a)   £1,500                                                        

 

(b)  £1,536 a month from now 

 

 

 

Q147. Would you rather have a(£1,500 now or (b) £1,548 a month from now    

 

(a)   £1,500                                                        

 

(b)  £1,548 a month from now 

 

 

 

Q148. Would you rather have a(£1,500 now or (b) £1,596 a month from now    

 

(a)   £1,500                                                        

 

(b)  £1,596 a month from now 

 

 

 

 

 

 

 

 

 

 

 

 

Please continue overleaf 

 

1 

    

2 

1 

    

2 

1 

    

2 
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The following are questions about trust. 

 

 

    

 
Q149. Generally speaking, would you say that most people can be trusted 
or that you need to be very careful in dealing with people? Please tick on 
the scale below, where the value 0 means “need to be very careful” and the 
value 10 means ”most people can be trusted”. 

  

         

 

 

           Need to be very careful                                  Most people can be trusted 

              
 
 

   0   1      2       3      4     5  6     7       8     9     10 

 

 
Q150. Do you think most people would try to take advantage of you if 
they got a chance, or would they try to be fair? Please tick on the scale 
below, where the value 0 means would take advantage of me” and the 
value 10 means “would treat me correctly”. 

 

 

     

     

   Would take advantage of me                                        Would treat me fairly 
 
 

 
 

   0   1      2       3      4     5  6     7       8     9     10 
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The following questions ask about your general feelings or 
attitudes. Please indicate how much you agree with each 
statement. 
 

     

 
Q151.   In uncertain times, you usually expect the best. 

 

 
 
Strongly disagree                                             Strongly agree 

 
 
 

   0   1      2       3      4     5  6     7       8     9     10 

 
 

 

 
Q152.   If something can go wrong for me, it will. 

 
 
Strongly disagree                                             Strongly agree 

 
 
 

   0   1      2       3      4     5  6     7       8     9     10 
 
 

 

Q153.  You are always optimistic about your future.
 

 

 
 
Strongly disagree                                             Strongly agree 

 
 
 

   0   1      2       3      4     5  6     7       8     9     10 
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The following questions ask about your personality.  

Please indicate how strongly you agree or disagree with each of the 

following statements.  

 
       

Please tick ONE box per line                    Strongly      Agree      Neutral    Disagree  Strongly 

                                                                   Agree                                                       Disagree  

Q154.  I am not a worrier 
 

      

Q155. I like to have a lot of people  
around me 
 

      

Q156. I enjoy concentrating on a  
fantasy or a daydream and  
exploring all its possibilities,  
letting it grow and develop 

 

      

Q157. I try to be courteous to 
everyone I meet 

      

Q158.  I keep my belongings neat  
and clean 

      

Q159.  At times I feel bitter and  
resentful 

      

Q160.  I laugh easily       

Q161. I think it’s interesting to learn 
and develop new hobbies 

      

Q162.  At times I bully or flatter 
people into doing what I want 
them to 

      

Q163.  I’m pretty good  
about pacing myself so  
as to get things done on  
time 
 

      

 

2 

 

1 

  

3 

 

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 
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Please tick ONE box per line                    Strongly      Agree      Neutral    Disagree  Strongly 

                                                                   Agree                                                       Disagree  

Q164.  When I’m under a great  
deal of stress, sometimes I feel 
like going to pieces 
 

      

Q165. I prefer jobs that let me work  
alone without being bothered by  
other people 

      

Q166. I am intrigued by patterns I 
find in art and nature 

 

      

Q167. Some people think I’m selfish 
and egotistical 

      

Q168. I often come into situations  
without being fully prepared 

      

Q169. I rarely feel lonely and blue        

Q170. I really enjoy talking to 
people  

      

Q171. I believe letting students hear 
controversial speakers can 
only confuse and mislead 
them 

      

Q172.  If someone starts a fight, I’m 
ready to fight back 

      

Q173. I try to perform all the tasks  
assigned to be conscientious   

      

Q174. I often feel tense and jittery       

 
 
 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 
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Please tick ONE box per line                    Strongly      Agree      Neutral    Disagree  Strongly 

                                                                   Agree                                                       Disagree  

Q175.  I like to be where the 
action is 

      

Q176. Poetry has little or no 
effect on me 

      

Q177. I’m better than most people 
and I know it 

      

Q178. I have a clear set of goals  
and work towards them in an  
orderly fashion 

      

Q179. Sometimes I feel 
Completely worthless 

      

Q180. I shy away from crowds of 
people  

      

Q181. I would have difficulty 
just letting my mind wander 
without control or guidance  

      

Q182. When I’ve been insulted I  
just try to forgive and forget 

      

Q183.  I waste a lot of time before 
settling down to work 

      

Q184. I rarely feel fearful or 
anxious   

      

Q185. I often feel as if I’m 
bursting with energy 

      

 
 
 
 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 
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Please tick ONE box per line                    Strongly      Agree      Neutral    Disagree  Strongly 

                                                                   Agree                                                       Disagree  

Q186.  I seldom notice the moods 
or feelings that different  
environments produce 

      

Q187. I tend to assume the best 
about people 

      

Q188. I work hard to accomplish 
my goals 

      

Q189. I often get angry at the 
way people treat me 

      

Q190. I am a cheerful, high 
spirited person  

      

Q191. I experience a wide  
range of emotions and 
feelings  

      

Q192. Some people think of me 
as cold and calculating  

      

Q193. When I make a commitment 
I can always be counted on to 
follow through 

      

Q194.  Too often, when things go 
wrong, I get discouraged 
and feel like giving up 

      

Q195. I don’t get much 
pleasure from chatting with 
people   

      

Q196. Sometimes when I am 
reading poetry or looking at a 
work of art, I feel a chill or a 
wave of excitement 

      

 
 
 
 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 
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Please tick ONE box per line                    Strongly      Agree      Neutral    Disagree  Strongly 

                                                                   Agree                                                       Disagree  

Q197.  I have no sympathy 
for beggars 

      

Q198. Sometimes I’m not as 
dependable or reliable as I 
should be 

      

Q199. I am seldom sad or 
depressed 

      

Q200. My life is fast-paced       

Q201. I have little interest in 
speculating on the nature of 
the universe or the human 
condition  

      

Q202. I generally try to be 
thoughtful and considerate 
 

      

Q203. I am a productive 
person who always gets the 
job done  

      

Q204. I often feel helpless and 
want someone else to solve 
my problems 

      

Q205.  I am a very active  
person 

      

Q206. I have a lot of 
intellectual curiosity 

      

Q207. If I don’t like people 
I let them know it 

      

 
 
 
 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 
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Please tick ONE box per line                    Strongly      Agree      Neutral    Disagree  Strongly 

                                                                   Agree                                                       Disagree  

Q208.  I never seem to get  
organised 

      

Q209. At times I have been 
so ashamed I just want to hide 

      

Q210. I would rather go on my  
own than be a leader of others 

      

Q211. I often enjoy playing 
with theories or abstract ideas 

      

Q212. If necessary, I am willing to 
manipulate people to get what 
I want  

      

Q213. I strive for excellence in  
everything I do 
 

      

Questions 153-213  Adapted and reproduced by special permission of the Publisher, Psychological 
Assessment Resources, Inc.,16204 North Florida Avenue, Lutz, Florida, from the NEO Five-Factor 
Inventory-3 by Paul Costa, Jr., PhD and Robert McCrae,PhD, Copyright 1798, 1985, 1989, 1991, 
2003, 2010 by PAR, Inc. Further Reproduction is prohibited without permission. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 

 

 

1 2 

 

3 

  

4 5 
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Thank you very much for taking the time to answer our questions.   
     

To help us in our research can you please let us know 
if you would have preferred to complete this questionnaire 
online? 

                 

   Yes                No  

Can you please tell us the reason for your answer? 
 
 
 
 
 
 
 

   

 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Please return this questionnaire in the pre-paid envelope provided 
 

  

1 2 
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NICOLA NUTRITION 
Self-Completion Questionnaire 

 

 

 

 

 

 

 

Participant Unique Reference 

(to be completed by nurse)      

 

 

 

Date of completion  

(to be completed by nurse) 

 
 

 

 
 
 

 

       

D D 

 

M 

 

M 

 

Y 

 

Y 

 

Y 

 

Y 
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Food Frequency Questionnaire 

 

The next set of questions asks about your diet over the last year. 

For each food there is an amount shown, either a “medium serving” or a 

common household unit such as a slice or teaspoon.  

Please put a tick  in the box to indicate how often, on average, you 

have eaten the specified amount of each food during the past year. 

 

Example: For white bread the amount is one slice, so if you ate 4 or 5 

slices a day, you should put a tick in the column headed “4-5 per day”. 

 
 

Non 

          

 
FOODS AND 
AMOUNTS 

AVERAGE USE LAST YEAR 

 BREAD AND 
SAVOURY 
BISCUITS 
(one slice or 
biscuit) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
times 

a 
week 

5-6 
times 

a 
week 

Once 
a day  

2-3 
times 
per 
day 

4-5 
times 
per 
day 

6+ 
times 

per day 

 White bread 
and rolls 

         

 

 

 

     
 

✓ 
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Example: For chips, the amount is a “medium serving”, so if you had a 
helping of chips twice a week you should put a tick in the column headed 
“2-4 per week”. 

 
 

Non 

          

 
FOODS AND 
AMOUNTS 

AVERAGE USE LAST YEAR 

 
POTATOES, 
RICE AND 
PASTA 

(medium 
serving) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
times 

a 
week 

5-6 
times 

a 
week 

Once 
a day  

2-3 
times 
per 
day 

4-5 
times 
per 
day 

6+ 
times 

per day 

 Chips          

 

 

Example: For seasonal fruits such as strawberries and raspberries you 
should estimate your average use when the fruits are in season, so if 
you ate strawberries or raspberries about once a week when they were 
in season you should put a tick in the column headed “once a week”. 

 
Non 

          

 
FOODS AND 
AMOUNTS 

AVERAGE USE LAST YEAR 

 
Fruit 
(1 fruit or 
medium 
serving) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
times 

a 
week 

5-6 
times 

a 
week 

Once 
a day  

2-3 
times 
per 
day 

4-5 
times 
per 
day 

6+ 
times 

per day 

 Strawberries, 
raspberries, 
Kiwi fruit 

         

 

 
 

 

       

        
 

✓ 
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FOODS &  
AMOUNT 

AVERAGE USE LAST YEAR 

 

MEAT & FISH  
(medium serving) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Beef; roast, steak, 
mince, stew or 
casserole 

         

  
Beef burgers 

         

 Pork; roast, chops, 
stew or slices 

         

 Lamb; roast chops 
or stew 

         

 Chicken or other 
poultry e.g. turkey 

         

  
Bacon 

         

  
Ham 

         

 Corned beef, Spam, 
luncheon meats 

         

  
Sausages 

         

 Savoury pies e.g. 
meat pie, pork pie, 
pasties, steak & 
kidney pie, sausage 
rolls 

         

 Liver, liver pate, 
liver sausage 

         

 Fried fish in batter 
(fish & chips) 

         

 Fish fingers, fish 
cakes 

         

N           

        
8 

 1 

 

1

  1 

5 4 3 2 0 7 6 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   

5 4 3 2 

   

5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

  

1

  1 

0 

  

1

  1 

0 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 
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FOODS & AMOUNT AVERAGE USE LAST YEAR 

 

MEAT & FISH  
(medium serving) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Other white fish, 
fresh or frozen e.g. 
cod, haddock, 
plaice, sole, halibut 

         

 Oily fish, fresh or 
frozen e.g. mackerel, 
kippers, tuna, 
salmon, sardines, 
herring 

         

 Shellfish e.g. crab, 
prawns, mussels 

         

 Fish roe, 
taramasalata 

         

 
BREAD & SAVOURY BISCUITS (one slice or biscuit) 

 
White bread and 
rolls 

         

 Brown bread and 
rolls 

         

 
Wholemeal bread 
and rolls 

         

 Cream crackers, 
cheese biscuits 

         

 Crispbread e.g. 
Ryvita 

         

 
CEREALS (one bowl) 

 Porridge, Ready 
Brek 

         

 Breakfast cereal e.g. 
corn flakes muesli 
etc. 
 
 
 
 

         

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

0 1

  1 

  

   
5 4 3 2 

   

5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

  

1

  1 

0 

  

1

  1 

0 

   
5 4 3 2 

   
5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

   

5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   

5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 
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N FOODS & 
AMOUNTS 

AVERAGE USE LAST YEAR 
 

 

POTATOES, RICE 
AND PASTA 
(medium serving) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 
POTATOES, RICE AND PASTA (medium serving) 

 Boiled, mashed, 
instant or jacket 
potatoes 

         

  
Chips 

         

  
Roast potatoes 

         

  
Potato salad 

         

  
White rice 

         

  
Brown rice 

         

 White or green 
pasta e.g. 
spaghetti, 
macaroni, noodles 

         

  
Wholemeal pasta 

         

  
Lasagne, 
moussaka 

         

 Pizza          

 
DAIRY PRODUCTS AND FATS 

 Single or sour cream 
(tablespoon) 

         

 Double or clotted 
cream (tablespoon) 

         

 Low fat yoghurt, 
fromage frais (125g 
carton) 

         

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   

5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

  

1

  1 

0 

  

1

  1 

0 

  

1

  1 

0 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

  

1

  1 

0 

  

1

  1 

0 

   
5 4 3 2 

   
5 4 3 2 

   
5 4 3 2 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 
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 FOODS & 
AMOUNTS 

AVERAGE USE LAST YEAR 

 

DAIRY PRODUCTS 
AND FATS 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Full fat or Greek 
yoghurt (125g 
carton) 

         

 Dairy desserts (125g 
carton) 

         

 Cheese e.g. 
cheddar, brie, edam 
(medium serving) 

         

 Cottage cheese, low 
fat soft cheese 
(medium serving) 

         

 Eggs as boiled, 
fried, scrambled 
etc. (one) 

         

 Quiche (medium 
serving) 

         

 Low Calorie, low fat 
salad cream 
(tablespoon) 

         

 Salad cream, 
mayonnaise 
(tablespoon) 

         

 Other salad 
dressing 
(tablespoon) 

         

 French dressing 
(tablespoon) 

         

 
THE FOLLOWING ON BREAD OR VEGETABLES 

  
Butter (teaspoon) 

         

 Block margarine 
e.g. Stork, Krona 
(teaspoon) 

         

 Polyunsaturated 
margarine (tub) e.g. 
Flora, sunflower 
(teaspoon) 
 

         

0 1

  1 

  

3 2 

 
4 

 
5 

 

0 1

  1 

  

3 2 

 
4 

 
5 

 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

3 2 

 
4 

 
5 

 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 
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on FOODS & 
AMOUNT 

AVERAGE USE LAST YEAR 

 

DAIRY PRODUCTS 
AND FATS 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Other soft 
margarine, dairy 
spreads (tub), e.g. 
Blue Band, Clover 
(teaspoon) 

         

 Low fat spread (tub) 
e.g. Outline, Gold 
(teaspoon) 

         

 Very low fat spread 
(tub) (teaspoon) 

         

  
SWEETS OR SNACKS 

 Sweet biscuits, 
chocolate e.g. 
digestive (one) 

         

 Sweet biscuits, 
plain e.g. Nice, 
ginger (one) 

         

 Cakes e.g. fruit, 
sponge (home 
baked) 

         

 Cakes e.g. fruit, 
sponge (ready-
made) 

         

 Buns, pastries e.g. 
scones, flap jacks 
(home baked) 

         

 Buns, pastries e.g. 
croissants, doughnuts 
(ready-made) 

         

 Fruit pies, tarts, 
crumbles (home 
baked) 

         

 Fruit pies, tarts, 
crumbles (ready-
made) 

         

 Sponge puddings 
(home baked) 

         

 Sponge puddings 
(ready-made) 

         

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

3 2 

 
4 

 
5 

 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 
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FOODS & AMOUNT AVERAGE USE LAST YEAR 

 

DAIRY PRODUCTS 
AND FATS 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Milk puddings, e.g. 
rice, custards, trifle 

         

  
Ice cream, choc ices 

         

 Chocolates, single 
or squares 

         

 Chocolate snack 
bars e.g. Mars, 
Crunchie 

         

 Sweets, toffees, 
mints 

         

 Sugar added to tea, 
coffee, cereal 
(teaspoon) 

         

 Crisps or other 
packet snacks e.g. 
Wotsits 

         

 Peanuts or other 
nuts 

         

 
SOUPS, SAUCES AND SPREADS 

 Vegetable soups 
(bowl) 

         

  
Meat soups (bowl) 

         

 Sauces e.g. white, 
cheese, gravy 
(tablespoon) 

         

 Tomato ketchup 
(tablespoon) 

         

 Pickles, chutney 
(tablespoon) 

         

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

3 2 

 

4 

 

5 

 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

367



10 
 

 
FOODS & AMOUNTS AVERAGE USE LAST YEAR 

 
 

SOUPS SAUCES 
AND SPREADS 
(medium serving) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Marmite, Bovril 
(teaspoon) 

         

 Jam, marmalade, 
honey (teaspoon) 

         

  
Peanut butter 

         

 
DRINKS 

         

   
Tea (cup) 

         

 Coffee - instant or 
ground (cup) 

         

 Coffee - 
decaffeinated (cup) 

         

 Coffee whitener e.g. 
coffee-mate 
(teaspoon) 

         

 Cocoa, hot 
chocolate (cup) 

         

 Horlicks,  
Ovaltine (cup) 

         

 Wine (glass)          

 Beer, lager or cider 
(half pint) 

         

 Port, sherry, 
vermouth, liqueurs 
(glass) 

         

 Spirits e.g. gin, 
brandy, whisky, 
vodka (single) 

         

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

3 2 

 
4 

 
5 

 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 
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FOODS & 
AMOUNTS 

AVERAGE USE LAST YEAR 

 

DRINKS 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Low calorie or diet 
fizzy soft drinks 
(glass) 

         

 Fizzy soft drinks e.g. 
Coca Cola, lemonade 
(glass) 

         

 Pure fruit juice 
(100%) e.g. orange, 
apple juice (glass) 

         

 Fruit squash or 
cordial (glass) 

         

 
FRUIT - for seasonal fruits marked *, please estimate your average use when the fruit is in 
season 

 Apples  
(1 fruit) 

         

 Pears  
(1 fruit) 

         

 Oranges, 
Satsuma’s, 
mandarins (1 fruit) 

         

 Grapefruit  
(1 fruit) 

         

 Bananas  
(1 fruit) 

         

 Grapes (medium 
serving) 

         

 Melon  
(1 slice) 

         

 *Peaches, plums, 
apricots  
(1 fruit) 

         

 *Strawberries, 
raspberries, kiwi 
fruit (medium 
serving) 

         

0 1

  1 

  

3 2 

 
4 

 
5 

 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 
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FOODS & 
AMOUNTS 

AVERAGE USE LAST YEAR 

 

FRUIT 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

 Tinned fruit 
(medium serving) 

         

 Dried fruit e.g. 
raisins, prunes 
(medium serving) 

         

 

VEGETABLES - Fresh, frozen or tinned (medium serving) 

  
Carrots 

         

  
Spinach 

         

 Broccoli, spring 
greens, kale 

         

  
Brussel sprouts 

         

   
Cabbage 

         

  
Peas 

         

 Green bean, broad 
beans, runner beans 

         

  
Marrow, courgettes 

         

   
Cauliflower 

         

 Parsnips, turnips, 
swedes 

         

   
Leeks 

         

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

0 1

  1 

  

3 2 

 

4 

 

5 

 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 
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FOODS & 
AMOUNTS 

AVERAGE USE LAST YEAR 

 
VEGETABLES - 
Fresh, frozen or 
tinned (medium 
serving) 

Never 
or less 
than 

once a 
month 

1-3 
per 

month 

Once 
a 

week 

2-4 
per 

week 

5-6 
per 

week 

Once 
a day 

2-3 
per 
day 

4-5 
per 
day 

6+    
per 
day 

  
Onions 

         

  
Garlic 

         

  
Mushrooms 

         

  
Sweet peppers 

         

  
Beansprouts 

         

 Green salad, 
lettuce, cucumber, 
celery 

         

   
Watercress 

         

   
Tomatoes 

         

   
Sweetcorn 

         

   
Beetroot 

         

   
Coleslaw 

         

   
Avocado 

         

   
Baked Beans 

         

 Dried lentils, beans, 
peas 

         

 Tofu, soya meat, 
TVP, veggieburger 

         

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

     

1

  1 

5 4 3 2 0 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    

8 
 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 

    
8 

 1 

7 6 
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Are there any OTHER foods which you eat more than once a week? 

     

     
 Yes                                       No 

    

 

 

If YES, please list below: 

     

FOOD            
 
 

Usual  
serving 
size  
e.g. small, medium, large or 
teaspoon 

    Number of 
time eaten 
each week 

 

      

      

      

      

      

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

1

 

2
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What type of milk do you most often use?   Select ONE 
 
 
     Full        Skimmed 
   cream 
                              

                       
Semi-         Dried    
skimmed     Milk                        

                            
So  Soya 

               

                                   
Channel  
Islands          

                      
None 
         

          

 
 
 
OTHER (please specify): _________________________________ 
 
 
How much milk do you drink each day, including milk with tea, coffee, 
cereals etc.?  Select ONE  
 
 

None        Quarter 
                 of a pint 

                       
Half                   

a pint 

        Three 
quarters 
of a pint 

One 
Pint 

          

 More 
than a 

    pint 

               

 
 
 
Do you usually eat breakfast cereal (excluding porridge & Ready Brek)? 
 

     

     
 Yes                                       No 

    

 
 
 

       

  

1

 

2

 

3 4

 

5

 

     

1

 

2

 

3 4

 

5

 

 6

 
  

  

4

 

1

 

2

 

6

 

7

 

6
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If YES, which brand and type of breakfast cereal, including muesli, do 
you usually eat? 

 List the one or two types most often used  

 

     

Brand e.g. Kellogg’s    Type e.g. 
cornflakes 

 

      

      

      

      

 
What kind of fat do you most often use for frying, roasting, grilling etc.? 
Select ONE  
 
 
Butter        Margarine 

                  

                       
Vegetable                   

oil 

         Solid 
vegetable 

fat 

 
Lard/dripping 

          

 
None 

               

 
 

 
If you used vegetable oil, please give the name or type e.g. corn, 
sunflower: 
 

     

          

 
 
 

 

     

1

 

2

 

3 4

 

5

 

  

4

 

6

 

374



17 
 

What kind of fat do you most often use for baking cakes etc.? 
Select ONE 
 
 
Butter        Margarine 

                  

                       
Vegetable                   

oil 

         Solid 
vegetable 

fat 

 
Lard/dripping 

 
          

 
None 

               

 
 

 
If you use margarine, please give the name or type e.g. Flora, Stork: 
 

     

          

 
 

 
How often do you eat food that was fried at home? 
 
                                                               Less 
                         1-3 

    Daily       times 
                      a week        

     4-6                
  times a 

week                 

           than 
 once 

 a week 

 
      Never 

          

 
 

          

 
 
 

How often do you eat fried food away from home? 
 
                                                               Less 
                         1-3 

    Daily       times 
                      a week        

     4-6                
  times a 

week                 

           than 
 once 

 a week 

 
      Never 

          

 
 

          

 
 

 

     

2 1 5 4 3 

     

2 1 5 4 3 

    

1

 

2

 

3 4

 

5

 

  

4

 

 

6
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What do you usually do with the visible fat on your meat? 
 
           Eat                   Eat                    Eat                 Did 
          most                some 
          of the               of the 
           fat                     fat        

                                 as little 
       as 
    possible 

 not eat 
    meat 

          

 
 

           

 
 

 
 
 
How often do you eat grilled or roast meat?  
 

     

     
 Times a week                        

    

 
 

How well-cooked do you usually have grilled or roast meat? 
 
 
          Well                                                            
          done/              Medium 
          dark                
         brown                           

                              Lightly    as 
litt    cooked 

   rare 

Do 
not eat 

    meat          

 
 

           

 
 

 
 

How often do you add salt to food while cooking? 
                                                              
                          
    Always     Usually 

                       

      
Sometimes  

            
 Rarely 

  

 
      Never 

          

 
 

          

    

  

1 2 3 4 

     

2 1 5 4 3 

    
1 2 3 4 
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Do you regularly use a salt substitute? 
 

     

     
 Yes                                       No 

    

 
           
 

 
If YES, which brand? 
 

     

          

 
 
  

 

  

1

 

2
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During the course of last year, on average, how many times a week do 
you eat the following food? 
 

     

Food   Type         
 
 

Times per week  Portion size  

Vegetables (not 
including potatoes) 

  
 

 Medium serving  

Salads 

 

   Medium serving  

Fruit and fruit products  
(not including fruit juice) 

   Medium serving or one  
fruit 

 

Fish and fish products    Medium serving   

Meat, meat products 
and meat dishes 
(including bacon, ham 
and chicken)  

   Medium serving  

 
 

 

Have you taken any vitamins, minerals, fish oils, fibre or other food 
supplements during the past year? 
 
                          

    Yes             No 
                       

      
     Sometimes  

            
  Don’t know 

  

 
       
          

 
 

          

 
 

If YES or SOMETIMES, please complete the table overleaf.

    

2 1 4 3 
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If you have taken more than 8 types of supplement please put the most 

frequently consumed brands first. 

Example:  

Most supplements mention a DOSE/STRENGTH value (e.g. 500mg); 

please write this information in the table i.e.  

If you take one tablet of vitamin C two times a day, please write ‘2’ in the 

amount column and tick the ‘once a day’ box.   

Non           

 Supplements Average frequency for the past year.  
 Tick ONE box per line to show how often on 
average you take the amount consumed as 

mentioned in ‘amount’ column. 
  

Non  
 

Brand 
name 

       Dose           Amount 
       (what is       (How many 
       the              tablets, 
       strength      capsules or 
       of each        teaspoons    
       tablet or      do you take 
       capsule as  in one day) 
       per label?)     
 

Never Less 
than 
once 
per 
month  

1-3 
Per 
week  

2-4 
Per 
week 

5-6    Once 
Per    a day 
week 

  
 

 

           

           

           

           

           

           

           

           

         

1

  1 

5 4 3 2 0

  1 

         

1

  1 

5 4 3 2 0

  1 

         

1

  1 

5 4 3 2 0

  1 

         

1

  1 

5 4 3 2 0

  1 

         

1

  1 

5 4 3 2 0

  1 

         

1

  1 

5 4 3 2 0

  1 

         

1

  1 

5 4 3 2 0

  1 

         

1

  1 

5 4 3 2 0

  1 

500   mg 
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Do you avoid specific foods because of allergy or other health 

problems? 

     

     
 Yes                                       No 

    

 

If YES, which food(s) do you avoid? (PLEASE LIST) 

     

          

 

Are you following a special diet? 

     

     
 Yes                                       No 

    

 

If YES:  what type of diet are you on? (Tick any that apply) 

 
Diabetic   Weight       Weight     Low    Cholesterol     Other       Other 
Diet        Reduction    Gain        Fat           Diet           Medical     Diet 
                 Diet            Diet        Diet                              Diet 
                       
           

     

 

  

1

 

2

 

  

1

 

2

 

     

5 4 3 2 1 

 
6 7 
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Was this diet recommended or prescribed to you by a doctor, nurse or 
dietician or other medical practitioner? 
 

     

     
 Yes                                       No 

    

 

Do you find it difficult to follow this special diet? 

     

     
 Yes                                       No 

    

 

If YES, can you tell us why you find it difficult? 

     

          

 

Do you describe yourself as vegetarian or vegan? 

     

     
 Vegetarian                    Vegan                    Neither    

 

 

  
 

 

   

  

1

 

2

 

  

1

 

2

 

1 2 3 
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Who does the main food shopping in your household?   
 
List all that apply. 
 

     

          

 

 

Who does all the cooking in your household?   

List all that apply. 
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Date of completion  

 

 

 

 

 

 

 

Thank you very much for taking the time to answer our questions 

   

How many meals do you usually eat each day?   
 

  

How many of these meals are hot meals? 

 

  

How many snacks do you usually eat per day? 
  

 

 

 

D D 

 

M 

 

M 

 

Y 

 

Y 

 

Y 

 

Y 
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TEAM-MED: MDS: Version 3_200214    
 

  Study no ___________ Date___________ 
                                                    

TEAM-MED: MEDITERRANEAN DIET SCORE (MDS) 
 
Visit:       Screening        Baseline        3 mon        6 mon        12 mon    

 

 
Questions 

 
Self-reported  

 
Criteria for 1 
point 

 
Point?  

1. Do you use olive oil or rapeseed oil as your main cooking fat?  
 

 
 

Yes   

2. Do you use olive or rapeseed oil-based spreads (e.g. Golden 
olive, Olivio, Bertolli)?  
 

 Yes   

3. How much olive/ rapeseed oil do you consume in a given day? 
Including oil used for frying, salads, out-of-house meals etc (in 
tablespoons)  
 
How much olive or rapeseed oil-based spread do you consume in 
a given day? (in teaspoons) 

 ≥4 tbsp oil / day 
 
and/or  
 
3 tsp spread/ day 

 

4. How many portions of fruit (including natural fruit juices) do you 
consume per day? (1 portion = 1 apple/banana (80g), small glass 
juice (150ml) 
 

  
≥2 portions/ day 

 

5. How many vegetable servings do you consume per day? 
Including raw/ cooked vegetables, salad but not including 
potatoes (1 serving: 3 tablespoons/80g) 
 

  
 ≥3 portions/ day 

 

6. How many servings of legumes (peas, beans and lentils including 
kidney beans, baked beans, chickpeas, red lentils etc) do you 
consume per week? (1 serving :3 tablespoons/ 80g) 
 

  
≥3 servings/ week  

 

7. How many servings of red meat including beef, pork, lamb and 
minced beef do you consume per week? (1 serving:  medium 
portion/ 100–150 g) 
 

  
≤2 servings /week 

 

8. How many servings of processed meat including ham, bacon, 
sausages, meat pies and other meat products etc.) do you 
consume per week? (1 serving:  medium portion/ 100–150 g) 
 

  
≤1 serving /week  

 

9. How many servings of chicken/ turkey do you consume per 
week? (1 serving: medium portion/ 100-150g) 
 

  
2 servings /week 

 

10. How many servings of fish (tuna, cod, haddock, salmon, 
mackerel, herring, and sardines etc, including tinned varieties, 
excluding crumbed or battered fish) or shellfish do you consume 
per week? (1 serving: 1 fillet/small fish or 140g) 
 

  
≥3 servings /week  

 

11. Do you preferentially consume wholegrain bread and/ or cereal 
and/ or rice and/ or pasta instead of non-wholegrain (white) 
varieties? 

  
 Yes 

 

12. How many servings of natural nuts do you consume per week? (1 
serving: 1 small handful/  30 g)  
  

  
≥3 servings /week 

 

13. How many times per week do you consume sweet foods 
(including biscuits, buns, pastries, chocolate, sweets, sweet or 
carbonated beverages or desserts)? 

  
≤3 times/ week 

 

14. How often would you consume up to 3 small glasses of wine or 
equivalent other alcoholic beverages per week? (1 small 
glass:125ml) 

 1-3 glasses or 
equivalent ≥ 3 
days/ week 
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Food Group NICOLA FFQ Food items included in the food group 

1 White bread White bread and rolls 

2 Higher fibre breads Brown bread and rolls; Wholemeal bread and rolls; Cream crackers, cheese 
biscuits; Crispbread 

3 Cereals Porridge, Ready Brek; Breakfast cereal 

4 Fruit Apples; Pears; Oranges, satsuma’s, mandarins; Grapefruit; Bananas; 
Grapes; Melon; Peaches, plums, apricots; Strawberries, raspberries, kiwi 
fruit; Tinned fruit; Dried fruit 

5 Vegetables Carrots; Spinach; Broccoli, spring greens, kale; Brussel sprouts; Cabbage; 
Peas; Green bean, broad beans, runner beans; Marrow, courgettes; 
Cauliflower; Parsnips, turnips, swedes; Leeks; Onions; Garlic; Mushrooms; 
Sweet peppers; Beansprouts; Green salad, lettuce, cucumber, celery; 
Watercress; Tomatoes; Sweetcorn; Beetroot; Coleslaw; Avocado; Baked 
beans; Dried lentils, beans, peas 

6 Grains White rice; White or green pasta  

7 Wholegrains Brown rice; Wholemeal pasta 

8 Tofu Tofu, soya meat, TVP, veggie burger  

9 Butter Butter 

10 Margarine Block margarine; Polyunsaturated margarine; Other soft margarine, dairy 
spreads; Low fat spread;  

11 Dairy products Low fat yoghurt, fromage frais; Full fat or Greek yoghurt; Dairy desserts 

12 Natural potatoes Boiled, mashed, instant or jacket potatoes; Potato salad 

13 Fried potatoes Roast potatoes; Chips  

14 Lasagne/pizza Lasagne, moussaka; Pizza  

15 Eggs Eggs; Quiche 

16 Red meat Beef; roast, steak, mince, stew or casserole; Beef burgers; Pork; roast, 
chops, stew or slices; Lamb; roast, chops or stew 

17 Processed meat Bacon; Ham; Corned beef, Spam, luncheon meats; Sausages; Savoury pies 

18 Poultry Chicken or other poultry 

19 Organ meat Liver, liver pate, liver sausage  

20 White fish and shellfish  Shellfish, Fish roe, taramasalata; Other white fish fresh or frozen; Fried fish 
in batter; Fish fingers, fish cakes 

21 Oily fish Oily fish, fresh or frozen 

22 Confectionary Sweet biscuits, chocolate; Sweet biscuits, plain; Cakes (home-baked); Cakes 
(ready-made); Buns, pastries (home-baked); Buns, pastries (ready-made); 
Fruit pies, tarts, crumbles (home-baked); Fruit pies, tarts, crumbles (ready-
made); Sponge puddings (home-baked); Sponge puddings (ready-made); 
Milk puddings; Ice cream, choc ices; Chocolate, singles or squares; 
Chocolate snack bars; Sweets, toffees, mints  

23 Fruit juice Pure fruit juice  

24 Other soft drinks Fruit squash or cordial; Low calorie or diet fizzy soft drinks; Fizzy soft drinks  

25 Tea Tea 

26 Coffee Coffee- instant or ground; Coffee- decaffeinated; Coffee whitener  

27 Other hot drinks Cocoa, hot chocolate; Horlicks, Ovaltine  

28 Sugar Sugar added to tea, coffee, cereal 

29 Beer Beer, lager or cider 

30 Wine Wine 

31 Other alcoholic drinks Port, sherry, vermouth, liqueurs; Spirits  

32 Soups, sauces and 
condiments 

Vegetable soups; Meat soups; Sauces; Tomato ketchup; Pickles, chutney; 
Marmite, Bovril; Jam, marmalade, honey; Low calorie, low fat salad cream; 
Salad cream, mayonnaise; Other salad dressing; French dressing  

33 Snacks Crisps or other packet snacks  

34 Nuts and nut butter  Peanuts and other nuts; Peanut butter 
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Table 2.20 Mean scores for FV intake and dietary patterns of NICOLA participants with and without a cancer diagnosis   

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.21 The association between NICOLA FFQ dietary pattern and FV intake quintiles and cancer   

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having cancer in comparison to quintile 1 

(reference category). 1Odds ratio of having cancer per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet 

Score. Q- quintile

 Cancer No cancer P value 

Daily FV intake (Mean (SD)) 9.17 (5.64) 8.81 (4.69) 0.28 

DASH score (Mean (SD)) 20.13 (4.59) 20.09 (4.51) 0.81 

Prime score (Mean (SD)) 17.39 (4.16) 16.93 (4.28) 0.12 

MDS (Mean (SD)) 5.06 (1.96) 4.96 (1.87) 0.41 

Healthy (Mean (SD)) -0.06 (1.00) 0.00 (1.00) 0.94 

Unhealthy (Mean (SD)) -0.08 (1.00) 0.01 (1.00) 0.18 

High alcohol (Mean (SD)) -0.12 (0.95) 0.01 (1.00) 0.05 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.44 (0.97, 2.15) 1.05 (0.71, 1.56) 1.08 (0.75, 1.55) 1.19 (0.79, 1.79) 0.94 (0.62, 1.41) 1.33 (0.88, 2.03) 0.80 (0.53, 1.21) 

Q3 1.30 (0.84, 2.00) 0.83 (0.53, 1.29) 0.87 (0.56, 1.34) 1.18 (0.76, 1.83) 0.69 (0.44, 1.07) 1.23 (0.81, 1.89) 0.96 (0.65, 1.43) 

Q4 1.13 (0.72, 1.78) 1.02 (0.68, 1.54) 1.11 (0.71, 1.73) 1.20 (0.78, 1.85) 0.98 (0.65, 1.48) 1.24 (0.81, 1.89) 0.80 (0.53, 1.21) 

Q5 1.37 (0.89, 2.12) 1.12 (0.74, 1.70) 1.50 (0.91, 2.46) 1.52 (0.98, 2.36) 0.96 (0.64, 1.44) 0.82 (0.51, 1.30) 0.63 (0.41, 0.98) 
1Per 5th  1.04 (0.94, 1.14) 1.02 (0.93, 1.12) 1.06 (0.95, 1.18) 1.08 (0.98, 1.20) 1.00 (0.91, 1.10) 0.96 (0.87, 1.05) 0.92 (0.83, 1.01) 

P value  0.45 0.73 0.29 0.10 0.93 0.38 0.07 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.45 (0.97, 2.16) 1.09 (0.73, 1.62) 1.09 (0.76, 1.57) 1.11 (0.73, 1.67) 0.89 (0.59, 1.35) 1.29 (0.84, 1.96) 0.86 (0.57, 1.30) 

Q3 1.29 (0.83, 2.00) 0.86 (0.55, 1.34) 0.88 (0.57, 1.36) 1.08 (0.69, 1.70) 0.69 (0.44, 1.07) 1.20 (0.78, 1.85) 1.11 (0.74, 1.66) 

Q4 1.11 (0.70, 1.76) 1.09 (0.72, 1.65) 1.13 (0.72, 1.77) 1.12 (0.72, 1.73) 0.98 (0.65, 1.49) 1.29 (0.83, 1.99) 0.94 (0.62, 1.43) 

Q5 1.41 (0.91, 2.20) 1.16 (0.76, 1.77) 1.59 (0.96, 2.63) 1.41 (0.89, 2.23) 0.97 (0.64, 1.48) 0.84 (0.52, 1.35) 0.81 (0.52, 1.27) 
1Per 5th  1.04 (0.94, 1.15) 1.03 (0.93, 1.13) 1.07 (0.96, 1.20) 1.07 (0.97, 1.18) 1.01 (0.91, 1.11) 0.97 (0.88, 1.07) 0.97 (0.88, 1.07) 

P value  0.42 0.58 0.21 0.20 0.92 0.54 0.55 
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Table 2.22 Mean scores for FV intake and dietary patterns of NICOLA participants with and without a cardiovascular condition   

  

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.23 The association between NICOLA FFQ dietary pattern and FV intake quintiles and cardiovascular conditions   

 

 

 

 

 

 

 

 

 

 

 

         

 Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having a CVD condition in comparison to 

quintile 1 (reference category). 1Odds ratio of having a CVD condition per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- 

Mediterranean Diet Score. Q- quintile.

 Cardiovascular condition No cardiovascular condition P value 

Daily FV intake (Mean (SD)) 8.79 (4.83) 8.93 (4.67) 0.43 

DASH score (Mean (SD)) 19.98 (4.60) 20.21 (4.37) 0.18 

Prime score (Mean (SD)) 16.88 (4.16) 17.12 (4.45) 0.14 

MDS (Mean (SD)) 4.90 (1.89) 5.07 (1.86) <0.05 

Healthy (Mean (SD)) -0.02 (1.04) 0.02 (0.93) 0.28 

Unhealthy (Mean (SD)) 0.04 (1.00) -0.06 (0.99) <0.05 

High alcohol (Mean (SD)) -0.03 (1.00) 0.05 (1.00) 0.05 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.15 (0.92, 1.43) 0.79 (0.63, 0.99) 0.81 (0.66, 0.99) 1.14 (0.91, 1.42) 0.92 (0.72, 1.17) 1.08 (0.86, 1.37) 0.95 (0.75, 1.21) 

Q3 1.01 (0.79, 1.27) 0.88 (0.69, 1.12) 0.67 (0.53, 0.84) 1.17 (0.92, 1.49) 0.69 (0.54, 0.88) 1.33 (1.05, 1.68) 0.80 (0.63, 1.02) 

Q4 0.84 (0.66, 1.06) 0.69 (0.55, 0.87) 0.84 (0.65, 1.09) 1.08 (0.86, 1.37) 0.71 (0.56, 0.90) 1.19 (0.94, 1.50) 0.91 (0.72, 1.16) 

Q5 1.00 (0.78, 1.27) 0.90 (0.71, 1.15) 0.76 (0.56, 1.04) 0.90 (0.70, 1.16) 0.85 (0.67, 1.02) 1.21 (0.95, 1.53) 0.84 (0.66, 1.06) 
1Per 5th  0.97 (0.92, 1.02) 0.96 (0.91, 1.01) 0.94 (0.88, 1.00) 0.98 (0.93, 1.04) 0.94 (0.90, 1.00) 1.05 (0.99, 1.11) 0.96 (0.91, 1.01) 

P value  0.23 0.14 <0.05 0.48 <0.05 0.08 0.15 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.18 (0.94, 1.49) 0.83 (0.66, 1.05) 0.82 (0.66, 1.01) 1.11 (0.88, 1.39) 0.89 (0.69, 1.15) 1.01 (0.79, 1.29) 1.06 (0.82, 1.36) 

Q3 1.04 (0.82, 1.33) 0.94 (0.73, 1.20) 0.69 (0.54, 0.87) 1.15 (0.90, 1.48) 0.70 (0.55, 0.90) 1.24 (0.97, 1.59) 0.95 (0.74, 1.22) 

Q4 0.87 (0.68, 1.11) 0.77 (0.61, 0.98) 0.88 (0.68, 1.15) 1.07 (0.84, 1.37) 0.74 (0.58, 0.95) 1.13 (0.88, 1.44) 1.08 (0.84, 1.38) 

Q5 1.15 (0.89, 1.47) 1.02 (0.79, 1.31) 0.80 (0.58, 1.10) 0.90 (0.69, 1.18) 0.93 (0.72, 1.20) 1.13 (0.88, 1.45) 1.05 (0.82, 1.35) 
1Per 5th  1.00 (0.94, 1.05) 0.99 (0.94, 1.05) 0.95 (0.89, 1.01) 0.98 (0.93, 1.04) 0.97 (0.92, 1.02) 1.04 (0.98, 1.10) 1.01 (0.96, 1.07) 

P value  0.87 0.77 0.13 0.55 0.266 0.205 0.68 
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Table 2.24 Mean scores for FV intake and priori dietary patterns of NICOLA participants with and without a respiratory condition   

  

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.25 The association between NICOLA FFQ dietary pattern and FV intake quintiles and respiratory conditions   

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having a respiratory condition in comparison 

to quintile 1 (reference category). 1Odds ratio of having a respiratory condition per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, 

MDS- Mediterranean Diet Score. Q- quintile

 Respiratory condition No respiratory condition P value 

Daily FV intake (Mean (SD)) 8.49 (4.70) 8.89 (4.78) 0.15 

DASH score (Mean (SD)) 19.55 (4.90) 20.13 (4.46) <0.05 

Prime score (Mean (SD)) 16.50 (4.37) 17.03 (4.25) <0.05 

MDS (Mean (SD)) 4.58 (2.03) 5.02 (1.85) <0.001 

Healthy (Mean (SD)) -0.12 (0.98) 0.01 (1.00) <0.05 

Unhealthy (Mean (SD)) 0.06 (1.01) -0.01 (1.00) 0.28 

High alcohol (Mean (SD)) 0.08 (0.98) -0.01 (1.00) 0.11 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.61 (0.52, 0.99) 0.72 (0.52, 1.00) 0.67 (0.50, 0.88) 1.19 (0.87, 1.62) 0.71 (0.51, 1.00) 0.87 (0.60, 1.28) 1.32 (0.91, 1.90) 

Q3 0.77 (0.55, 1.09) 0.59 (0.41, 0.85) 0.53 (0.37, 0.75) 0.83 (0.57, 1.19) 0.66 (0.47, 0.93 1.16 (0.81, 1.66) 1.20 (0.83, 1.74) 

Q4 0.77 (0.54, 1.09) 0.79 (0.57, 1.10) 0.60 (0.41, 0.88) 0.77 (0.54, 1.11) 0.62 (0.44, 0.88) 1.22 (0.86, 1.74) 1.26 (0.87, 1.82) 

Q5 0.80 (0.57, 1.14) 0.71 (0.50, 1.01) 0.57 (0.35, 0.91) 0.74 (0.49, 1.10) 0.61 (0.43, 0.86) 1.21 (0.85, 1.73) 1.34 (0.93, 1.94) 
1Per 5th  0.96 (0.88, 1.04) 0.93 (0.86, 1.01) 0.85 (0.77, 0.94) 0.90 (0.83, 0.98) 0.89 (0.82, 0.96) 1.07 (0.99, 1.16) 1.05 (0.97, 1.14) 

P value  0.28 0.09 <0.05 <0.05 <0.05 0.08 0.21 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.72 (0.52, 1.00) 0.74 (0.53, 1.02) 0.68 (0.51, 0.90) 1.17 (0.86, 1.61) 0.72 (0.51, 1.01) 0.86 (0.59, 1.26) 1.41 (0.97, 2.05) 

Q3 0.77 (0.54, 1.09) 0.59 (0.41, 0.86) 0.54 (0.38, 0.77) 0.82 (0.57, 1.18) 0.68 (0.48, 0.96) 1.14 (0.79, 1.63) 1.30 (0.89, 1.90) 

Q4 0.79 (0.55, 1.13) 0.82 (0.59, 1.14) 0.62 (0.43, 0.91) 0.77 (0.53, 1.11) 0.63 (0.44, 0.90) 1.18(0.82, 1.70) 1.38 (0.95, 2.01) 

Q5 0.83 (0.58, 1.19) 0.73 (0.51, 1.05) 0.60 (0.37, 0.97) 0.75 (0.50, 1.14) 0.64 (0.45, 0.91) 1.18 (0.82, 1.69) 1.50 (1.02, 2.19) 
1Per 5th  0.96 (0.89, 1.05) 0.94 (0.87, 1.02) 0.86 (0.78, 0.95) 0.90 (0.83, 0.98) 0.90 (0.83, 0.97) 1.07 (0.98, 1.16) 1.08 (0.99, 1.17) 

P value  0.14 0.13 <0.05 <0.05 <0.05 0.14 0.08 
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Table 2.26 Mean scores for FV intake and dietary patterns of NICOLA participants with and without Parkinson’s disease 

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.27 The association between NICOLA FFQ dietary pattern and FV intake quintiles and Parkinson’s disease  

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having Parkinson’s disease in comparison to quintile 1 

(reference category). 1Odds ratio of having Parkinson’s disease per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet 

Score. – beta value and 95% CI not generated due to small numbers. Q- quintile.

 Parkinson’s disease No Parkinson’s disease P value 

Daily FV intake (Mean (SD)) 10.59 (6.15) 8.84 (4.77) 0.30 

DASH score (Mean (SD)) 20.63 (5.21) 20.06 (4.51) 0.73 

Prime score (Mean (SD)) 17.75 (3.37) 16.97 (4.27) 0.60 

MDS (Mean (SD)) 5.38 (1.85) 4.97 (1.88) 0.54 

Healthy (Mean (SD)) 0.16 (0.82) 0.00 (1.00) 0.60 

Unhealthy (Mean (SD)) -0.09 (0.92) 0.00 (1.00) 0.80 

High alcohol (Mean (SD)) 0.45 (1.16) 0.00 (1.00) 0.30 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.47 (0.04, 5.24) 0.52 (0.05, 5.79) 2.02 (0.21, 19.48) - 1.00 (.06, 16.03) - - 

Q3 - 0.65 (0.06, 7.15) 2.40 (0.22, 26.52) 1.79 (0.30, 10.75) 2.01 (0.18, 22.19) - 3.01 (0.31, 29.03) 

Q4 1.33 (0.19, 9.49) 1.17 (0.17, 8.35) 1.63 (0.10, 26.14) 1.08 (0.15, 7.72) 1.01 (0.06, 16.11) 1.34 (0.30, 6.01) 2.00 (0.18, 22.16) 

Q5 2.01 (0.34, 12.10) 1.36 (0.19, 9.70) 2.89 (0.18, 46.45) 0.73(0.07, 8.10) 3.01 (0.31, 29.02) 0.33 (0.03, 3.19) 2.00 (0.18, 22.16) 
1Per 5th  1.32 (0.81, 2.18) 1.14 (0.70, 1.87) 1.18 (0.69, 2.04) 1.11 (0.67, 1.83) 1.29 (0.78, 2.16) 1.00 (0.61, 1.6) 1.29 (0.78, 2.16) 

P value  0.27 0.59 0.55 0.69 0.32 1.00 0.32 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.53 (0.05, 5.83) 0.66 (0.06, 7.38) 2.34 (0.24, 22.82) - 1.11 (0.07, 17.91) - - 

Q3 0.00 (,) 0.84 (0.08, 9.38) 3.18 (0.29, 35.39) 2.27 (0.37, 13.78) 2.78 (0.25, 31.32) - 3.66 (0.37, 36.61) 

Q4 1.96 (0.27, 14.08) 1.82 (0.25, 13.13) 2.23 (0.14, 36.32) 1.49 (0.21, 10.82) 1.48 (0.09, 23.94) 0.79 (0.17, 3.62) 2.20 (0.19, 25.41) 

Q5 3.74 (0.62, 22.68) 2.29 (0.32, 16.42) 3.39 (0.21, 56.08) 1.30 (0.14, 14.81) 5.23 (0.53, 51.50) 0.19 (0.02, 1.84) 2.17 (0.18, 25.78) 
1Per 5th  1.55 (0.93, 2.57) 1.29 (0.80, 2.11) 1.25 (0.73, 2.13) 1.28 (0.76, 2.15) 1.48 (0.89, 2.48) 0.89 (0.52, 1.44) 1.29 (0.77, 2.17) 

P value  0.09 0.30 0.41 0.35 0.13 0.58 0.33 
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Table 2.28 Mean scores for FV intake and dietary patterns of NICOLA participants with and without osteoporosis   

  

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.29 The association between NICOLA FFQ dietary pattern and FV intake quintiles and osteoporosis  

 

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having osteoporosis in comparison to 

quintile 1 (reference category). 1Odds ratio of having osteoporosis per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- 

Mediterranean Diet Score. Q- quintile.

 Osteoporosis No osteoporosis P value 

Daily FV intake (Mean (SD)) 9.17 (4.23) 8.82 (4.81) 0.32 

DASH score (Mean (SD)) 20.39 (4.71) 20.04 (4.50) 0.29 

Prime score (Mean (SD)) 17.93 (4.23) 16.90 (4.26) <0.05 

MDS (Mean (SD)) 4.95 (1.82) 4.97 (1.88) 0.90 

Healthy (Mean (SD)) 0.03 (0.85) 0.00 (1.01) 0.60 

Unhealthy (Mean (SD)) -0.15 (0.93) 0.01 (1.00) <0.05 

High alcohol (Mean (SD)) -0.23 (0.80) 0.02 (1.01) <0.001 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference  Reference  Reference  Reference  Reference  Reference  Reference  

Q2 0.90 (0.58, 1.40) 1.54 (0.99, 2.41) 1.11 (0.76, 1.62) 1.20 (0.75, 1.93) 1.20 (0.74, 1.93) 0.89 (0.58, 1.35) 0.86 (0.57, 1.29) 

Q3 0.97 (0.61, 1.56) 1.36 (0.84, 2.19) 0.80 (0.51, 1.28) 1.75 (1.09, 2.82) 1.36 (0.86, 2.17) 0.85 (0.55, 1.23) 0.76 (0.50, 1.16) 

Q4 1.22 (0.78, 1.92) 1.59 (1.01, 2.50) 1.04 (0.65, 1.68) 1.62 (1.01, 2.60) 1.37 (0.86, 2.18) 0.56 (0.35, 0.90) 0.72 (0.47, 1.10) 

Q5 1.48 (0.96, 2.28) 1.39 (0.86, 2.25) 0.98 (0.55, 1.77) 1.93 (1.18, 3.14) 1.29 (0.81, 2.07) 0.68 (0.43, 1.06) 0.41 (0.23, 0.68) 
1Per 5th  1.12 (1.01, 1.24) 1.07 (0.97, 1.18) 0.98 (0.87, 1.10) 1.17 (1.06, 1.30) 1.06 (0.96, 1.18) 0.88 (0.80, 0.98) 0.84 (0.75, 0.93) 

P value  <0.05 0.19 0.71 0.05 0.23 <0.05 <0.05 

Fully adjusted 

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.80 (0.51, 1.27) 1.38 (0.87, 2.19) 0.99 (0.67, 1.47) 0.94 (0.58, 1.53) 0.96 (0.59, 1.58) 0.91 (0.59, 1.40) 0.90 (0.59, 1.37) 

Q3 0.77 (0.48, 1.25) 1.18 (0.72, 1.94) 0.66 (0.41, 1.07) 1.20 (0.73, 1.96) 1.06 (0.66, 1.73) 0.97 (0.62, 1.49) 0.90 (0.58, 1.40) 

Q4 0.88 (0.55, 1.41) 1.34 (0.84, 2.14) 0.85 (0.52, 1.39) 1.05 (0.64, 1.71) 1.03 (0.63, 1.66) 0.84 (0.52, 1.37) 0.94 (0.60, 1.47) 

Q5 1.05 (0.67, 1.64) 1.05 (0.64, 1.73) 0.93 (0.51, 1.70) 1.10 (0.66, 1.83) 0.91 (0.56, 1.49) 1.04 (0.65, 1.66) 0.68 (0.40, 1.15) 
1Per 5th  1.02 (0.92, 1.13) 1.01 (0.91, 1.12) 0.94 (0.83, 1.07) 1.03 (0.92, 1.15) 0.99 (0.89, 1.10) 1.00 (0.90, 1.11) 0.93 (0.84, 1.05) 

P value  0.70 0.93 0.33 0.59 0.81 0.98 0.27 
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Table 2.30 Mean scores for FV intake and dietary patterns of NICOLA participants with and without Alzheimer’s disease  

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.31 The association between NICOLA FFQ dietary pattern and FV intake quintiles and Alzheimer’s disease  

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having Alzheimer’s, Dementia or serious 

memory impairment in comparison to quintile 1 (reference category). 1Odds ratio of having Alzheimer’s, Dementia or serious memory impairment per fifth of dietary pattern. FV- fruits 

and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. – beta value and 95% CI not generated due to small numbers. Q- quintile.

 Alzheimer’s disease No Alzheimer’s disease P value 

Daily FV score (Mean (SD)) 7.43 (5.60) 8.85 (4.77) 0.24 

DASH score (Mean (SD)) 15.38 (5.08) 16.98 (4.26) 0.47 

Prime score (Mean (SD)) 18.81 (6.85) 20.07 (4.50) 0.14 

MDS (Mean (SD)) 4.13 (2.31) 4.97 (1.88) 0.07 

Healthy (Mean (SD)) 0.19 (1.75) 0.00 (1.00) 0.45 

Unhealthy (Mean (SD)) 0.49 (1.64) 0.00 (1.00) 0.05 

High alcohol (Mean (SD)) 0.12 (2.40) 0.00 (1.00) 0.64 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.13 (0.02, 1.10) - 0.48 (0.15, 1.51) 0.43 (0.11, 1.71) 0.17 (0.02, 1.38) 2.50 (0.48, 12.94) 0.17 (0.02, 1.37) 

Q3 0.54 (0.14, 2.11) 0.32 (0.07, 1.52) 0.34 (0.07, 1.64) 0.59 (0.15, 2.38) 0.50 (0.12, 2.00) 1.00 (0.14, 7.11) 0.17 (0.02, 1.38) 

Q4 0.57 (0.15, 2.21) 0.15 (0.02, 1.16) - 0.36 (0.07, 1.79) - 0.50 (0.05, 5.53) 0.66 (0.19, 2.37) 

Q5 0.38 (0.08, 1.84) 0.85 (0.28, 2.61) 0.82 (0.17, 3.99) 0.49 (0.10, 2.42) 1.00 (0.32, 3.12) 3.01 (0.60, 14.95) 0.66 (0.19, 2.37) 
1Per 5th  0.85 (0.59, 1.22) 0.92 (0.65, 1.31) 0.72 (0.45, 1.14) 0.81 (0.56, 1.19) 0.97 (0.69, 1.37) 1.13 (0.80, 1.61) 0.97 (0.69, 1.37) 

P value  0.38 0.64 0.16 0.28 0.86 0.48 0.86 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.14 (0.02, 1.13) - 0.49 (0.15, 1.56) 0.45 (0.11, 1.85) 0.18 (0.02, 1.46) 2.41 (0.47, 12.53) 0.16 (0.02,1.34) 

Q3 0.58 (0.15, 2.28) 0.34 (0.07, 1.60) 0.36 (0.07, 1.73) 0.65 (0.16, 2.67) 0.53 (0.13, 2.15) 0.93 (0.13, 6.63) 0.16 (0.02, 1.30) 

Q4 0.63 (0.16, 2.49) 0.16 (0.02, 1.25) - 0.41 (0.08, 2.07) - 0.42 (0.04, 4.75) 0.60 (0.16, 2.17) 

Q5 0.44 (0.09, 2.20) 0.96 (0.31, 3.03) 0.83 (0.17, 4.08) 0.57 (0.11, 3.00) 1.14 (0.35, 3.67) 2.52 (0.49, 12.92) 0.55 (0.15, 2.06) 
1Per 5th  0.88 (0.61, 1.28) 0.95 (0.66, 1.35) 0.73 (0.46, 1.16) 0.85 (0.58, 1.25) 1.00 (0.70, 1.43) 1.08 (0.76, 1.56) 0.93 (0.65, 1.32) 

P value  0.50 0.76 0.19 0.40 1.00 0.66 0.67 
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Table 2.32 Mean scores for FV intake and dietary patterns of NICOLA participants with and without cognitive impairment  

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.33 The association between NICOLA FFQ dietary pattern and FV intake quintiles and cognitive impairment  

 

 

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for not having cognitive impairment in comparison 

to quintile 1 (reference category). 1Odds ratio of not having cognitive impairment per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop 

Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Cognitive impairment (MoCA<26) No cognitive impairment (MoCA≥26) P value 

Daily FV intake (Mean (SD)) 8.89 (5.05) 8.81 (4.58) 0.65 

DASH score (Mean (SD)) 19.89 (4.80) 20.20 (4.30) 0.07 

Prime score (Mean (SD)) 16.77 (4.14) 17.11 (4.36) <0.05 

MDS (Mean (SD)) 4.80 (1.90) 5.09 (1.86) <0.001 

Healthy (Mean (SD)) -0.06 (1.05) 0.05 (0.96) <0.05 

Unhealthy (Mean (SD)) 0.04 (1.00) -0.03 (1.00) 0.08 

High alcohol (Mean (SD)) -0.14 (1.03) 0.10 (0.97) <0.001 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.31 (1.06, 1.62) 1.52 (1.22, 1.89) 1.21 (0.99, 1.47) 0.90 (0.73, 1.11) 1.26 (1.00, 1.59) 0.80 (0.64, 1.02) 1.41 (1.12, 1.77) 

Q3 1.23 (0.98, 1.56) 1.46 (1.16, 1.84) 1.46 (1.16, 1.83) 0.89 (0.71, 1.13) 1.67 (1.32 2.11) 0.90 (0.71, 1.14) 1.70 (1.35, 2.15) 

Q4 1.08 (0.86, 1.37) 1.32 (1.06, 1.65) 1.23 (0.96, 1.57) 1.12 (0.89, 1.41) 1.76 (1.40, 2.23) 0.85 (0.67, 1.08) 1.71 (1.36, 2.16) 

Q5 1.07 (0.85, 1.35) 1.22 (0.97, 1.54) 1.72 (1.26, 2.35) 1.15 (0.90, 1.48) 1.48 (1.17, 1.86) 0.75 (0.59, 0.94) 2.30 (1.82, 2.92) 
1Per 5th  1.00 (0.95, 1.05) 1.04 (0.98, 1.09) 1.11 (1.05, 1.18) 1.05 (0.99, 1.11)  1.12 (1.06, 1.18) 0.95 (0.90, 1.00) 1.21 (1.14, 1.27) 

P value  0.95 0.19 <0.05 0.08 <0.001 <0.05 <0.001 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 1.31 (1.04, 1.64) 1.41 (1.12, 1.78) 1.12 (0.91, 1.37) 0.94 (0.75, 1.18) 1.27 (0.99, 1.62) 0.87 (0.68, 1.11) 1.24 (0.97, 1.58) 

Q3 1.17 (0.92, 1.50) 1.33 (1.04, 1.70) 1.33 (1.05, 1.69) 0.91 (0.71, 1.17) 1.54 (1.20, 1.97) 1.00 (0.78, 1.28) 1.43 (1.12, 1.83) 

Q4 0.99 (0.77, 1.26) 1.13 (0.89, 1.43) 1.08 (0.83, 1.40) 1.09 (0.85, 1.39) 1.59 (1.24, 2.04) 0.93 (0.73, 1.20) 1.43 (1.12, 1.83) 

Q5 0.90 (0.70, 1.15) 1.04 (0.81, 1.33) 1.47 (1.06, 2.02) 1.05 (0.80, 1.37) 1.24 (0.97, 1.58) 0.85 (0.66, 1.09) 1.84 (1.42, 2.36) 
1Per 5th  0.96 (0.90, 1.01) 0.99 (0.94, 1.05) 1.07 (1.01, 1.14) 1.03 (0.97, 1.09) 1.07 (1.01, 1.13) 0.97 (0.92, 1.03) 1.15 (1.08, 1.21) 

P value  0.11 0.79 <0.05 0.42 <0.05 0.36 <0.001 
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Table 2.34 Mean scores for FV intake and dietary patterns of NICOLA participants with and without vision loss  

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.35 The association between NICOLA FFQ dietary pattern and FV intake quintiles and vision loss   

 

 

 

 

  

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for having vision loss in comparison to quintile 1 (reference 

category). 1Odds ratio of having vision loss per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Vision loss No vision loss P value 

Daily FV intake (Mean (SD)) 8.60 (5.37) 8.94 (4.45) 0.14 

DASH score (Mean (SD)) 19.65 (4.68) 20.28 (4.39) <0.05 

Prime score (Mean (SD)) 16.53 (4.13) 17.14 (4.25) <0.05 

MDS (Mean (SD)) 4.72 (1.95) 5.08 (1.81) <0.001 

Healthy (Mean (SD)) -0.04 (1.21) 0.02 (0.90) 0.15 

Unhealthy (Mean (SD)) 0.16 (1.08) -0.07 (0.92) <0.001 

High alcohol (Mean (SD)) 0.09 (1.10) -0.01 (0.96) <0.05 

   

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.72 (0.56, 0.92) 0.83 (0.64, 1.07) 0.62 (0.49, 0.78) 0.01 (0.67, 1.12) 0.95 (0.72, 1.24) 1.29 (0.96, 1.74) 0.93 (0.69, 1.24) 

Q3 0.61 (0.46, 0.81) 0.85 (0.64, 1.11) 0.58 (0.44, 0.76) 0.81 (0.61, 1.06) 0.58 (0.44, 0.77) 1.28 (0.95, 1.72) 1.02 (0.77, 1.36) 

Q4 0.74 (0.56, 0.98) 0.64 (0.48, 0.84) 0.49 (0.36, 0.66) 0.76 (0.58, 1.00) 0.58 (0.44, 0.77) 1.44 (1.08, 1.94) 1.06 (0.80, 1.41) 

Q5 0.65 (0.49, 0.86) 0.72 (0.54, 0.95) 0.69 (0.48, 0.98) 0.64 (0.47, 0.87) 0.72 (0.55, 0.95) 1.87 (1.40, 2.49) 1.32 (1.00, 1.74) 
1Per 5th  0.91 (0.86, 0.97) 0.91 (0.85, 0.97) 0.87 (0.80, 0.93) 0.91 (0.85, 0.97) 0.89 (0.84, 0.95) 1.15 (1.08, 1.22) 1.07 (1.01, 1.14) 

P value  <0.05 <0.05 <0.001 <0.05 <0.001 <0.001 <0.05 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.72 (0.56, 0.93) 0.86 (0.66, 1.11) 0.65 (0.52, 0.82) 0.88 (0.68, 1.14) 1.00 (0.76, 1.31) 1.29 (0.96, 1.73) 0.96 (0.72, 1.29) 

Q3 0.64 (0.48, 0.84) 0.87 (0.66, 1.15) 0.61 (0.46, 0.80) 0.84 (0.63, 1.11) 0.63 (0.47, 0.84) 1.25 (0.92, 1.68) 1.06 (0.79, 1.42) 

Q4 0.79 (0.60, 1.05) 0.66 (0.50, 0.87) 0.52 (0.38, 0.71) 0.82 (0.62, 1.09) 0.64 (0.48, 0.85) 1.36 (1.01, 1.84) 1.10 (0.82, 1.47) 

Q5 0.69 (0.52, 0.92) 0.76 (0.57, 1.01) 0.75 (0.53, 1.08) 0.72 (0.52, 0.99) 0.81 (0.61, 1.07) 1.74 (1.30, 2.34) 1.36 (1.02, 1.81) 
1Per 5th  0.93 (0.87, 0.99) 0.92 (0.86, 0.98) 0.88 (0.82, 0.96) 0.93 (0.87, 1.00) 0.91 (0.86, 0.98) 1.12 (1.05, 1.20) 1.08 (1.01, 1.15) 

P value  <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
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Table 2.39 Mean scores for FV intake and dietary patterns of married and non-married NICOLA participants  

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.40 The association between NICOLA FFQ dietary pattern and FV intake quintiles and marital status  

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for not being married in comparison to quintile 1 (reference 

category). 1Odds ratio of not being married per fifth of dietary pattern. FV- fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS- Mediterranean Diet Score. Q- quintile.

 Married Non-married P value 

Daily FV intake (Mean (SD)) 8.89 (4.56) 8.70 (5.32) 0.38 

DASH score (Mean (SD)) 20.26 (4.42) 19.52 (4.74) <0.001 

Prime score (Mean (SD)) 16.91 (4.22) 17.14 (4.41) 0.19 

MDS (Mean (SD)) 5.06 (1.85) 4.70 (1.92) <0.001 

Healthy (Mean (SD)) 0.01 (0.98) -0.03 (1.04) 0.34 

Unhealthy (Mean (SD)) 0.02 (0.97) -0.05 (1.09) 0.08 

High alcohol (Mean (SD)) 0.00 (0.96) -0.01 (1.11) 0.75 

  

Daily FV intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.65 (0.52, 0.83) 0.73 (0.57, 0.93) 0.67 (0.54, 0.83) 1.02 (0.80, 1.30) 0.72 (0.55, 0.93) 0.72 (0.56, 0.93) 0.91 (0.70, 1.17) 

Q3 0.63 (0.49, 0.81) 0.69 (0.53, 0.89) 0.59 (0.46, 0.76) 0.98 (0.75, 1.27) 0.77 (0.60, 1.00) 0.62 (0.48, 0.80) 0.84 (0.65, 1.09) 

Q4 0.73 (0.56, 0.94) 0.63 (0.49, 0.81) 0.61 (0.46, 0.80) 1.08 (0.83, 1.39) 0.66 (0.51, 0.86) 0.53 (0.40, 0.68) 1.05 (0.82, 1.36) 

Q5 0.70 (0.54, 0.91) 0.68 (0.52, 0.88) 0.56 (0.40, 0.79) 1.21 (0.92, 1.59) 0.82 (0.64, 1.06) 0.75 (0.59, 0.97) 0.78 (0.60, 1.02) 
1Per 5th  0.93 (0.88, 0.99) 0.90 (0.85, 0.96) 0.86 (0.80, 0.93) 1.04 (0.98, 1.11) 0.95 (0.90, 1.01) 0.91 (0.86, 0.97) 0.97 (0.91, 1.03) 

P value  <0.05 <0.05 <0.001 0.20 0.09 <0.05 0.27 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.61 (0.48, 0.78) 0.69 (0.54, 0.88) 0.62 (0.50, 0.77) 0.88 (0.69, 1.13) 0.62 (0.48, 0.81) 0.71 (0.55, .93) 0.95 (0.73, 1.24) 

Q3 0.55 (0.42, 0.72) 0.64 (0.49, 0.83) 0.53 (0.41, 0.68) 0.79 (0.60, 1.04) 0.68 (0.52, 0.88) 0.64 (0.49, 0.84) 0.95 (0.73, 1.25) 

Q4 0.61 (0.46, 0.79) 0.57 (0.44, 0.74) 0.54 (0.40, 0.71) 0.85 (0.65, 1.11) 0.56 (.043, 0.74) 0.63 (0.48, 0.83) 1.27 (0.98, 1.66) 

Q5 0.58 (0.44, 0.76) 0.58 (0.44, 0.76) 0.53 (0.37, 0.75) 0.89 (0.66, 1.18) 0.68 (0.52, 0.89) 0.92 (0.71, 1.20) 1.09 (0.83, 1.44) 
1Per 5th  0.89 (0.83, 0.94) 0.87 (0.82, 0.93) 0.84 (0.78, 0.90) 0.97 (0.91, 1.03) 0.92 (0.86, 0.97) 0.97 (0.91, 1.03) 1.05 (0.99, 1.12) 

P value  <0.001 <0.001 <0.001 0.34 <0.05 0.30 0.13 
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Table 2.41 Mean scores for FV intake and dietary patterns of NICOLA participants who live alone and those who do not   

 

 

 

 

Results presented as Mean (SD). P value obtained from independent sample t test.  

 

Table 2.42 The association between NICOLA FFQ dietary pattern and FV intake quintiles and living alone  

 

 

 

 

 

 

 

 

 

Fully adjusted model adjusted for age, gender and education. Results from logistic regression model presented as odds ratio (95% CI) for living alone in comparison to quintile 1 (reference 

category). 1Odds ratio of living alone per fifth of dietary pattern. FV-fruits and vegetables, DASH-Dietary Approaches to Stop Hypertension, MDS-Mediterranean Diet Score. Q-quintile.  

 Living alone Not living alone P value 

Daily FV intake (Mean (SD)) 8.70 (5.31) 8.89 (4.56) 0.37 

DASH score (Mean (SD)) 19.51 (4.73) 20.26 (4.42) <0.001 

Prime score (Mean (SD)) 17.17 (4.41) 16.90 (4.22) 0.13 

MDS (Mean (SD)) 4.70 (1.92) 5.06 (1.85) <0.001 

Healthy (Mean (SD)) -0.03 (1.04) 0.01 (0.99) 0.34 

Unhealthy (Mean (SD)) -0.06 (1.09) 0.02 (0.97) 0.05 

High alcohol (Mean (SD)) -0.02 (1.11) 0.01 (0.96) 0.58 

  

Daily FV 

intake 

Dietary Pattern score 

A priori A posteriori 

DASH score MDS Prime score Healthy Unhealthy High Alcohol 

Unadjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.66 (0.52, 0.84) 0.74 (0.58, 0.93) 0.68 (0.55, 0.84) 1.03 (0.81, 1.31) 0.72 (0.56, 0.93) 0.71 (0.55, 0.91) 0.92 (0.71, 1.19) 

Q3 0.64 (0.49, 0.82) 0.69 (0.54, 0.90) 0.58 (0.45, 0.75) 0.98 (0.75, 1.29) 0.77 (0.60, 1.00) 0.62 (0.48, 0.80) 0.83 (0.64, 1.08) 

Q4 0.71 (0.55, 0.92) 0.63 (0.49, 0.82) 0.63 (0.47, 0.82) 1.10 (0.85, 1.42) 0.66 (0.51, 0.86) 0.51 (0.39, 0.67) 1.04 (0.81, 1.35) 

Q5 0.71 (0.55, 0.92) 0.67 (0.52, 0.87) 0.55 (0.39, 0.78) 1.24 (0.95, 1.64)  0.73 (0.57, 0.94) 0.76 (0.59, 0.99) 
1Per 5th  0.93 (0.88, 0.99) 0.90 (0.85, 0.96) 0.86 (0.80, 0.92) 1.05 (0.99, 1.11) 0.95 (0.90, 1.01) 0.91 (0.86, 0.96) 0.96 (0.91, 1.02) 

P value  <0.05 <0.005 <0.001 0.13 0.10 <0.05 0.17 

Fully adjusted  

Q1 Reference Reference Reference Reference Reference Reference Reference 

Q2 0.62 (0.49, 0.79) 0.69 (0.54, 0.89) 0.62 (0.50, 0.78) 0.89 (0.69, 1.14) 0.63 (0.48, 0.82) 0.70 (0.54, 0.91) 0.97 (0.74, 1.26) 

Q3 0.56 (0.43, 0.73) 0.64 (0.50, 0.84) 0.52 (0.40, 0.67) 0.79 (0.60, 1.05) 0.67 (0.52, 0.88) 0.65 (0.50, 0.84) 0.95 (0.72, 1.24) 

Q4 0.59 (0.45, 0.77) 0.58 (0.44, 0.75) 0.55 (0.41, 0.73) 0.86 (0.66, 1.12) 0.56 (0.43, 0.73) 0.62 (0.47, 0.81) 1.27 (0.97, 1.65) 

Q5 0.58 (0.44, 0.76) 0.57 (0.44, 0.75) 0.51 (0.36, 0.73) 0.91 (0.68, 1.21) 0.68 (0.52, 0.89) 0.90 (0.69, 1.17) 1.07 (0.81, 1.41) 
1Per 5th  0.88 (0.83, 0.94) 0.87 (0.82, 0.93) 0.84 (0.78, 0.90) 0.98 (0.92, 1.04) 0.92 (0.86, 0.97) 0.96 (0.91, 1.02) 1.04 (0.98, 1.11) 

P value  <0.001 <0.001 <0.001 0.43 <0.05 0.22 0.20 
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Oral difficulties and dental assessments v1 300316  
   
  Study Number___________   Date____________ 

 

TEAM-MED EXTEND: Oral Difficulties and Dental Assessments 

Visit:   Baseline  3 mon      6 mon  12 mon  

 

Please answer the following questions as best possible. 

 

1) Which best describes the teeth you have? [TICK ONE ONLY] 

I have all my own natural teeth – none missing   

I have my own teeth, no dentures – but some missing   

I have dentures as well as some of my own teeth    

I have full dentures    

I have no teeth or dentures    

 

2) Would you say your dental health (mouth, teeth and/or dentures) is…? [TICK ONE 

ONLY] 
 

Excellent  

Very good  

Good  

Fair  

Poor  

 

 

3) In the past 6 months, have you had any problems with your mouth, teeth or 

dentures which have caused you the following problems..? [TICK ALL THAT APPLY] 

Difficulty eating food  

Difficulty speaking clearly  

Problems with smiling, laughing and showing teeth without embarrassment  

Problems with emotional stability, for example, becoming more easily upset 
than usual 

 

Problems enjoying the company of other people such as family, friends, or 
neighbours 

 

OR None of these   

[Maximum 5 out of 6 possible responses] 

 

3a) In the past 12 months, how often have you avoided eating particular foods 

because of problems with your mouth, teeth or dentures? [TICK ONE ONLY] 

Often  

Sometimes  

Rarely  

Never  

Don’t know  
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Oral difficulties and dental assessments v1 300316  
   
  Study Number___________   Date____________ 
 

 

3b) Difficulty with Mediterranean Diet Foods: 

If you answered ‘sometimes’ or ‘often’ to the question above, please tell us which 

foods you have experienced difficulty with and why: 

 
 
 
 
 

  

 

4) Over the last few years, how often have you visited the dentist? [TICK ONE ONLY] 
 

More frequently than every 2 years  

Less frequently than every 2 years  

Never  

 
 

5) If you needed a routine visit for dental care, which one of the following would you 

attend? [TICK ONE ONLY] 

A general dental practice as a private patient  

A general dental practice through the NHS  

The dental hospital  

A dental technician  

Don’t know  

 

 

 

Thank you for completing this questionnaire. 
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Participant No:____________________
Date:         ________________________
Diary No: ________________________
Contact No:______________________
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We would like you to keep a diary of everything you eat and 

drink over the next 4 days. It is very important not to change 

anything you eat and drink normally just because you are 

keeping a record. Please continue to eat your normal diet.

Instructions

As you will see, each day is marked in sections, beginning 

with first thing in the morning and ending in bedtime. For 

each part of the day write down ALL foods and drinks 

consumed. If nothing is eaten or drunk during a part of the 

day, draw a line through that section. Record everything at 

the time of eating/drinking.

Over the next 5 pages there are a list of common foods and 

drinks with a description of the information we need to know. 

This gives you examples of how to complete the food diary. 

We also need to know how much of each food you have 

eaten and drink consumed. Please ensure you use the 

common household measurements listed in this book or you 

can use the food weights printed on labels.

At the end of each day, there is a list of snacks and drinks 

that can easily be forgotten. Please write any extra items in 

here if you have not already recorded them in some other 

part of the day.

Don’t forget to complete the last section on general 

questions about your diet found at the end of the diary.

When the last day has been filled in, please post the book 

back to us in the stamped addressed envelope provided to 

you.
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For each item that you eat or drink please read the 

following for examples of the information required.

• Always state what sort of oil or fat was used for baking, 

roasting or frying etc

•Give Brand and full names of items where possible.

•For meals/snacks eaten away from home, please note where 

these items were eaten, giving the name of cafe/restaurant/pub 

etc.

•Provide as much detail about the foods and drinks as you 

possibly can.

Food/drink Description & 

preparation

Amount

Homemade 

dishes

Please say what the dish 

is called and list recipe 

ingredients with amounts. 

State how dish is cooked.

State amount eaten in 

tablespoons

Ready made 

meals

What sort? e.g. pizza, 

microwave meal, weight 

watchers etc. Please give 

main ingredients and 

nutrition information listed 

on the packet. You can 

enclose the label when 

posting the diary back.

Weight from packet and 

portion consumed i.e. ¼ 

or ½ or full portion.

Meals eaten 

away from 

home

What sort? E.g.. pizza, 

chinese, indian, fish & 

chips etc. Give the main 

ingredients and 

restaurant/takeaway 

name.

Estimate portion size of 

each component of the 

meal and state in 

household 

measurements.
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Food/drink Description & preparation Amount

Bacon Lean or streaky; fried or grilled State amount eaten in 

rashers

Baked beans Standard or reduced salt/sugar Tablespoons

Beef burger/ 

ham burger

What sort? Homemade, from a packet or 

takeaway. Fried, microwaved or grilled. Well-

done/rare etc. With or without bread roll?

Weight after cooking if 

possible and number 

eaten.

Beer What type? Brand name & percentage 

alcohol

Number of pints/½ 

pints

Biscuits Plain, savoury, cheese, crispbread, sweet, 

chocolate, water, homemade. Brand name 

and size.

Number eaten

Bread Wholemeal, granary, white, pan or plain. 

Thick, medium or thin slices. Crusty or soft. 

Brand name.

Number of slices

Bread rolls See above. Don’t forget to state the filling! Number of rolls

Breakfast 

cereal

What sort. Cornflakes, all-bran, weetabix etc. 

State brand name.

Tablespoons, grams, 

oz or biscuits

Bun Iced, currant, sweet, plain. Large or small. 

Brand name.

Number eaten

Butter for 

bread

Ordinary or low fat. Block or spreadable. 

Brand name.

Thick, average, thin

Cake-small What sort? Currant, fairy, plain, iced, 

brownie, cream. Brand name.

Number eaten

Cake- large What sort? Currant, fairy, plain, iced, 

brownie, cream. Brand name.

Size of slice and 

number eaten

Cheese What sort ? Cream, cheddar, hard, soft, low 

fat. Brand name.

Tablespoons, grams, 

oz

Chips Fresh, frozen, oven, microwave or crinkle 

cut. Type of fat used for cooking. Brand 

name.

Amount eaten

Chocolate Plain, milk, dark, white. Brand name Bar weight. Amount 

eaten

Chops Lean, lean & fat, what meat? Fried, grilled or 

baked. Well done or rare?

Large or small. 

Number eaten 

406



Food/drink Description & preparation Amount

Cider Sweet, dry, vintage, low alcohol, % alcohol Pints and half pints, 

number of 

cans/bottles including 

size

Coffee With or without milk?, ground, instant, 

decaffeinated, strong, average, weak

Cup or mug

Condiments Pepper or salt? Teaspoon or pinch.

Cooking oil What type? Brand name Teaspoons

Cream Half, single, sour, whipping, double, clotted, 

low fat, sweetened or unsweetened

Tablespoons

Crisps Brand name, low fat, low salt or regular Number of bags and 

packet weight

Egg Boiled, fried, scrambled, poached, omelette Number of eggs

Fish What sort. White, salmon etc. Cooking method 

i.e. poached, fried, grilled. Was it breaded or 

battered? State brand name.

Number of fillets or 

packet weight of 

portion consumed

Fish cakes or 

fingers

What sort? Large, medium or small. Brand 

name. Coking method

Number eaten

Fruit- fresh What sort and variety e.g. Cox Apples, cored 

with or without skin

Number

Fruit- stewed 

or canned

What sort  and variety  e.g. Bramley apple, 

with or without sugar, in fruit juice or syrup. 

Tablespoons

Fruit- juice What sort? Brand name. Sweet or 

unsweetened

Glasses or cups

Gravy What sort ? Thick/thin. Made with or without 

meat juices. Brand name

Tablespoons, grams, 

oz

Herbs Type- fresh/dried/bottled Teaspoons

Honey/jam Brand name. Specify if low sugar Teaspoons

Ice-cream Dairy or non-dairy, flavour. Brand name Tablespoons

Margarine Hard, soft, polyunsaturated, low fat., very low 

fat.  Brand name

Thick, average, thin 

407



Food/drink Description & preparation Amount

Marmalade Brand name. Specify if low sugar Teaspoons, thick, 

average or thin 

spread

Mayonnaise Brand name. Specify if low fat Teaspoons

Meat pie, 

pastie, pastry

What sort. Brand name if  available. What type 

of pastry used?

Size or helping

Meats What type? Lean or fatty. Cut used. Specify 

cooking method

Slices or oz

Milk-for 

drinking or 

cereal

Type- full cream, semi-skimmed, skimmed, 

UHT, flavoured etc

Pints, glasses or cups

Minced beef Lean or fatty. On its own or with vegetables? Tablespoons

Peanuts Type- roasted or salted Packet weight

Porridge With milk or water? Sugar or salt? etc Bowls

Potatoes What sort? Large, medium or small.  Mashed, 

creamed, boiled or fried? Old or new

Number eaten or 

scoops

Pudding What sort? Brand name or recipe Tablespoons

Rice Brown or white? Boiled or fried rice Tablespoons

Salad Describe all ingredients including dressings Tablespoons, pack 

weights, slices etc

Sandwiches 

and rolls

What sort ? Thick/thin. Brown, granary or 

white.

Number of slices or 

rolls

Sauce-hot Type- brand name. Savoury or sweet Tablespoons

Sauce-cold Brand name. Tomato ketchup, salad cream, 

mayonnaise, brown sauce

Teaspoons

Sausages What sort e.g. Pork, beef, low fat, large or 

small. State cooking method

Number
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Food/drink Description & preparation Amount

Sausage rolls Type of pastry, large or small Number

Scones What sort? With currants, sweet or plain, 

cheese

Number

Snacks in 

packet

What sort. Brand name? Cheese straws, 

twiglets, pretzels

Packet weight or 

number

Soft drinks What type? Fizzy, squash, low calorie, diet Glasses or cans

Soup Canned, packet, home-made, instant. Brand 

name or recipe

Bowls

Soya, quorn TVP, mince, burgers or tofu. On its own or 

with vegetables?

Tablespoons

Spaghetti, 

pasta

Canned, dried, boiled, white, wholemeal. In 

sauce?

Strands or 

tablespoons

Spices Type Teaspoons

Spreads What sort? Brand name Teaspoons or thick, 

average, thin spread

Spirits What sort? E.g.. Whiskey, gin, vodka etc Size of measure

Sugar What sort? White, brown, demerara Teaspoons or 

Tablespoons

Sweets What sort? Toffees, boiled etc Number

Tea What sort ? With or without milk. Caffeinated 

or decaffeinated

Cups or mugs

Vegetables What sort and variety. With butter? Fresh, 

frozen or canned? How cooked?

Tablespoons

Water Tap, filtered, bottled? Still or sparkling? 

Flavoured

Glasses

Wine, sherry, 

port

What sort e.g. White, red, medium, sweet, 

dry, low alcohol

Glasses or measures

Yogurt, 

fromage frais

What sort? With fruit, natural, plain, flavoured, 

low fat, greek, soya. Brand name

Carton weight or 

Tablespoons
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DATE                                  DAY of WEEK

Before breakfast

Food/Drink Description and preparation Amount

Breakfast

Food/drink Description and preparation Amount

Mid-morning- between breakfast and lunch time

Food/drink Description and preparation Amount
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Lunch

Food/Drink Description and preparation Amount

Tea- between lunch and evening meal

Food/drink Description and preparation Amount
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Evening Meal

Food/Drink Description and preparation Amount

Later Evening- Up to last thing at night

Food/drink Description and preparation Amount
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Between meals, snacks and drinks (if not already written in before)

Food/Drink Description and preparation Amount

Chocolate

Toffees/sweets

Crisps, peanuts

Other snacks

Beer, wine

Sherry, spirits

Other cold drinks

Tea, coffee

Other hot drinks

Ice-cream

Anything else?

Space to write in the recipe or ingredients of any home made dishes, take away 

meals etc that you have mentioned but not described previously. Where 

applicable please list amounts of ingredients and brand names. For recipes, 

take away meals etc please indicate the amount actually consumed by 

yourself.
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DATE                                  DAY of WEEK

Before breakfast

Food/Drink Description and preparation Amount

Breakfast

Food/drink Description and preparation Amount

Mid-morning- between breakfast and lunch time

Food/drink Description and preparation Amount
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Lunch

Food/Drink Description and preparation Amount

Tea- between lunch and evening meal

Food/drink Description and preparation Amount
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Evening Meal

Food/Drink Description and preparation Amount

Later Evening- Up to last thing at night

Food/drink Description and preparation Amount
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Between meals, snacks and drinks (if not already written in before)

Food/Drink Description and preparation Amount

Chocolate

Toffees/sweets

Crisps, peanuts

Other snacks

Beer, wine

Sherry, spirits

Other cold drinks

Tea, coffee

Other hot drinks

Ice-cream

Anything else?

Space to write in the recipe or ingredients of any home made dishes, take away 

meals etc that you have mentioned but not described previously. Where 

applicable please list amounts of ingredients and brand names. For recipes, 

take away meals etc please indicate the amount actually consumed by 

yourself.
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DATE                                  DAY of WEEK

Before breakfast

Food/Drink Description and preparation Amount

Breakfast

Food/drink Description and preparation Amount

Mid-morning- between breakfast and lunch time

Food/drink Description and preparation Amount
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Lunch

Food/Drink Description and preparation Amount

Tea- between lunch and evening meal

Food/drink Description and preparation Amount
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Evening Meal

Food/Drink Description and preparation Amount

Later Evening- Up to last thing at night

Food/drink Description and preparation Amount

420



Between meals, snacks and drinks (if not already written in before)

Food/Drink Description and preparation Amount

Chocolate

Toffees/sweets

Crisps, peanuts

Other snacks

Beer, wine

Sherry, spirits

Other cold drinks

Tea, coffee

Other hot drinks

Ice-cream

Anything else?

Space to write in the recipe or ingredients of any home made dishes, take away 

meals etc that you have mentioned but not described previously. Where 

applicable please list amounts of ingredients and brand names. For recipes, 

take away meals etc please indicate the amount actually consumed by 

yourself.
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DATE                                  DAY of WEEK

Before breakfast

Food/Drink Description and preparation Amount

Breakfast

Food/drink Description and preparation Amount

Mid-morning- between breakfast and lunch time

Food/drink Description and preparation Amount
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Lunch

Food/Drink Description and preparation Amount

Tea- between lunch and evening meal

Food/drink Description and preparation Amount
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Evening Meal

Food/Drink Description and preparation Amount

Later Evening- Up to last thing at night

Food/drink Description and preparation Amount
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Between meals, snacks and drinks (if not already written in before)

Food/Drink Description and preparation Amount

Chocolate

Toffees/sweets

Crisps, peanuts

Other snacks

Beer, wine

Sherry, spirits

Other cold drinks

Tea, coffee

Other hot drinks

Ice-cream

Anything else?

Space to write in the recipe or ingredients of any home made dishes, take away 

meals etc that you have mentioned but not described previously. Where 

applicable please list amounts of ingredients and brand names. For recipes, 

take away meals etc please indicate the amount actually consumed by 

yourself.
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General Questions about your Food/Drink last week

1. Which type of milk did you use most often? Select only one

Full cream Dried

Semi-skimmed            Soya

Skimmed  Other- state _______________________________

2. How much milk did you have in tea?

A lot Hardly any

Average None

3. How much milk did you have in coffee?                      

A lot Hardly any

Average None

4. Do you drink decaffeinated tea?

yes  No

5. Do you drink decaffeinated coffee?

Yes No

6. Which type of fat did you use last week?

Type of fat used Brand 
Name

What did you use it for? Please tick 

Baking Frying Spreading Salads

Butter

Low fat spread

Very low fat spread

Polyunsaturated 
margarine

Other soft 
margarine

Vegetable oil

Lard

Dripping

other

7. Which type of bread did you eat most often last week? Select only 

one

White soft grain Granary

Brown wholemeal other _______________
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8. If you ate butter, margarine or spread – please tick boxes to show 

whether you ate it on toast, bread or in sandwiches:

Always        Sometimes       Never       Don’t know

Toast              

Bread             

Sandwiches   

9. How thickly did you spread butter, margarine etc on bread or 

biscuits?

Thick                     Medium                        Thin                   None

10. If you ate grilled, fried, barbecued or roast meat- how well 

cooked was it?

Beef/lamb/pork Poultry

Well done                            Well done                 

Medium                               Medium                    

Lightly cooked/rare              Lightly cooked/rare   

Did not eat beef/lamb/pork  Did not eat poultry     

11. If you ate meat, what did you do with the visible fat?

Ate all the fat Ate most of the fat   

Ate some of the fat                       Ate no fat                 

12. If you ate poultry, did you eat the skin?

Yes                   No               Don’t know

13. If you had gravy, were the meat juices added to the gravy?                        

Yes                    No               Don’t know  

14. Was salt added to your food during cooking? 

Yes                   No                Don’t know  

Did you usually add salt to your food at the table?

Yes                   No                Don’t know 

Do you use a salt substitute? If yes, please specify brand name 

_________________________________________
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15. Did you eat the skin on fruit? Please tick boxes

Apple        Yes            No            Not eaten 

Pear          Yes           No            Not eaten

16. Please name any vitamins or mineral or other food supplements taken 

over the last 4 days. Write down all the details from the packet/container. 

Enclose the labels when posting your diary back.

Brand Name                   (give full 

name)

Amount taken each day 

- number of pill/capsules 

or teaspoons

E.g. Healthcraft Multivitamins with iron & 

calcium

1 tablet
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17. Please complete the table below to show which types of water you 

consumed last week. Tick which type was used most often for both HOT 

and COLD drinks.

Water Type Hot drinks Cold drinks

Tap water

Filtered water (hard water filter)

Filtered water (other)

Bottled water

Brand:____________

Other water-please specify

__________________

18. Were any of the following foods which you ate last week produced 

organically?

Vegetables-homegrown Vegetables-purchased       

Fruit- home-grown                 Fruit- purchased                               

Milk and dairy products        Cereals or cereal products  

Meat                                   No organic foods eaten

This space has been left for you to tell us about anything else you feel 

important about your food or drink intake over the past 4 days.
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Section C Your mouth and teeth  

1. Have you ever had trouble pronouncing any words because of problems with your 

teeth, mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often          

 

2. Have you ever felt that your sense of taste has worsened because of problems with your 

teeth, mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often          

 

3. Have you ever had painful aching in your mouth?  

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often   

      

4. Have you found it uncomfortable to eat any foods because of problems with your teeth, 

mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often      
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5. Have you ever been self-conscious because of your teeth, mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often          

 

6. Have you ever felt tense because of problems with your teeth, mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often          

 

7. Has your diet been unsatisfactory because of problems with your teeth, mouth or 

dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often    

       

8. Have you had to interrupt meals because of problems with your teeth mouth or 

dentures?  

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often          
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9. Have you found it difficult to relax because of problems with your teeth, mouth or 

dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often       

 

10. Have you ever been a bit embarrassed because of problems with your teeth, mouth or 

dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often       

 

11. Have you ever been a bit irritable with other people because of problems with your 

teeth, mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often         

Very often  

      

12. Have you ever had difficulty doing your usual jobs because of problems with your teeth, 

mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often 
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13. Have you felt that life in general was less satisfying because of problems with your teeth, 

mouth or dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often       

 

14. Have you been totally unable to function because of problems with your teeth, mouth or 

dentures? 

Never            

 Hardly ever         

Occasionally          

Fairly often          

Very often       
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M  How much fluid (water, juice, coffee, tea, milk...) is 
consumed per day? 
0.0 = less than 3 cups 
0.5 = 3 to 5 cups 
1.0 = more than 5 cups 

Assessment (max. 16 points) 

Screening score 

Total Assessment (max. 30 points) .

K  Selected consumption markers for protein intake 
• At least one serving of dairy products

(milk, cheese, yoghurt) per day  
• Two or more servings of legumes

or eggs per week  
• Meat, fish or poultry every day   

0.0 = if 0 or 1 yes
0.5 = if 2 yes
1.0 = if 3 yes

yes . 

Last name:     First name: 

Sex:   Age:    Weight, kg:  Height, cm:  Date: 

Complete the screen by filling in the boxes with the appropriate numbers. 
Add the numbers for the screen. If score is 11 or less, continue with the assessment to gain a Malnutrition Indicator Score. 

Screening 

Assessment 

Malnutrition Indicator Score 
24 to 30 points  Normal nutritional status 
17 to 23.5 points  At risk of malnutrition 
Less than 17 points  Malnourished 

L   Consumes two or more servings of fruit or vegetables 
per day? 
0 = no 1 = yes 

Q  Mid-arm circumference (MAC) in cm 
0.0 = MAC less than 21 
0.5 = MAC 21 to 22 
1.0 = MAC greater than 22 

O  Self view of nutritional status 
0 = views self as being malnourished 
1 = is uncertain of nutritional state 
2 = views self as having no nutritional problem 

P   In comparison with other people of the same age, how does 
the patient consider his / her health status? 
0.0 = not as good 
0.5 = does not know 
1.0 = as good 
2.0 = better   

N  Mode of feeding 
0 = unable to eat without assistance 
1 = self-fed with some difficulty 
2 = self-fed without any problem 

yes 

yes 

no 

no 

no 

J  How many full meals does the patient eat daily? 
0 = 1 meal 
1 = 2 meals 
2 = 3 meals 

.

.

.

.

.

.

R  Calf circumference (CC) in cm 
0 = CC less than 31 
1 = CC 31 or greater 

I   Pressure sores or skin ulcers 
0 = yes 1 = no 

H  Takes more than 3 prescription drugs per day 
0 = yes 1 = no 

G  Lives independently (not in nursing home or hospital) 
1 = yes 0 = no 

Screening score (subtotal max. 14 points) 
12-14 points: Normal nutritional status 
8-11 points: At risk of malnutrition 
0-7 points: Malnourished  
For a more in-depth assessment, continue with questions G-R 
 

F  Body Mass Index (BMI) = weight in kg / (height in m)2 
0 = BMI less than 19 
1 = BMI 19 to less than 21 
2 = BMI 21 to less than 23 
3 = BMI 23 or greater  

E  Neuropsychological problems 
0 = severe dementia or depression 
1 = mild dementia 
2 = no psychological problems 

D  Has suffered psychological stress or acute disease in the 
past 3 months? 
0 = yes 2 = no 

C  Mobility 
0 = bed or chair bound 
1 = able to get out of bed / chair but does not go out 
2 = goes out 

B  Weight loss during the last 3 months 
0 = weight loss greater than 3kg (6.6lbs) 
1 = does not know 
2 = weight loss between 1 and 3kg (2.2 and 6.6 lbs) 
3 = no weight loss 

A   Has food intake declined over the past 3 months due to loss 
of appetite, digestive problems, chewing or swallowing 
difficulties? 
 0 = severe decrease in food intake 
 1 = moderate decrease in food intake 
 2 = no decrease in food intake 

Mi
 
ni Nutritional Assessment 

MNA® 

References 
1.

2. 

 Vellas B, Villars H, Abellan G, et al. Overview of the MNA® - Its History and 
Challenges. J Nutr Health Aging. 2006; 10:456-465.
Rubenstein LZ, Harker JO, Salva A, Guigoz Y, Vellas B. Screening for 
Undernutrition in Geriatric Practice: Developing the Short-Form Mini
Nutritional Assessment (MNA-SF). J. Geront. 2001; 56A: M366-377

3. Guigoz Y. The Mini-Nutritional Assessment (MNA®) Review of the Literature - What
does it tell us? J Nutr Health Aging. 2006; 10:466-487.

® Société des Produits Nestlé, S.A., Vevey, Switzerland, Trademark Owners  
© Nestlé, 1994, Revision 2009. N67200 12/99 10M 
For more information: www.mna-elderly.com 
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Can spending a longer period of time 
eating breakfast impact mood? 

We are investigating whether 
spending a longer period of time 

eating breakfast by chewing 
slowly, a component of mindful 

eating, can positively impact mood 
and wellbeing

If you think you might be interested or would like more information 
please contact Meg Wallace qubbreakfaststudy@gmail.com

This study will involve 
• Four morning visits to the Centre for Public Health at the Royal 

Victoria Hospital Belfast 
• Eating four free breakfasts
• Two saliva samples
• Answering a variety of health, wellbeing and mood questionnaires
• A chewing gum test for chewing function 

Are you over 18 and have no 
dietary restrictions?

We are looking for healthy 
volunteers to take part in a 

breakfast study  
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Information leaflet for participants 
 

Title: Can spending a longer period of time eating breakfast impact mood? 

 

 

You are being invited to take part in a research study.  Before you decide whether you 

would like to participate or not, it is important for you to understand why the research is 

being carried out and what exactly it will involve.  Please read the following information 

carefully and ask if there is anything that is not clear or if you would like more 

information.  Thank you for reading this. 

 

What is the purpose of this study? 

Research has shown strong links between diet, wellbeing and mood. Breakfast 

consumption in particular is extremely beneficial for both mental and physical health and 

wellbeing and skipping breakfast has been shown to negatively impact these. The trend of 

‘mindful eating’ has become increasingly popular in recent years, and some research 

suggests it may have a positive impact on mental wellbeing. We would like to find out if 

spending a longer period of time consuming two different breakfasts, through chewing 

more slowly compared to chewing normally, can have an impact on mood.  

 

What does this study aim to do? 

This research aims to investigate the effect on mood of spending a longer period of time 

consuming breakfast.  

 

Who will be included in the study?  

We will recruit adults aged 18 years or over to participate in this research study; who 

have no dietary restrictions or food allergies (e.g. nut allergy, gluten or lactose 

intolerance, coeliac disease).  

 

If you participate in this study what will you be required to do? 

If you choose to take part in this study, you will be asked to attend in the morning after an 

overnight fast (no eating or drinking (except water) for 12 hours prior to the visit and 

refrain from strenuous physical activity) on four separate occasions, with one week in 

between in each session, and consume a 400-calorie breakfast. There are two different 

breakfast options; a yoghurt, fruit compote and muesli mix, and a granola breakfast cereal 

with milk. You will consume each breakfast twice; once consuming it as you normally 

would, and once eating the breakfast slowly, consuming each bite as slowly as possible. 

In order to capture the time spent eating the breakfasts you will be recorded via a laptop 

webcam whilst you eat, however you will not be able to see yourself on the recording 

screen. Before, during, and after consuming the breakfast you will be asked to complete 

some questions on mood and wellbeing, as well as the palatability of the breakfast 

options. At the first session you will complete a health and lifestyle questionnaire and a 

Centre for Public Health 

Queen’s University Belfast 

Institute of Clinical Sciences Block B 

Grosvenor Road  

Belfast, BT12 6BJ 

 

Email: qubbreakfaststudy@gmail.com  
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questionnaire on your oral health and dental status. These questionnaires are voluntary, 

and you can choose to omit any questions you do not wish to answer. You will also be 

asked to provide two saliva samples; these will be used in future biomarker studies, but 

no DNA or genetic analysis will be performed on the sample. You will have height and 

weight measurements taken and complete a short test for oral health and dental status by 

chewing a piece of chewing gum for a short amount of time. You will also be asked to 

complete a 4-day food diary in between each session. Alongside this paper food diary, a 

small group of participants will also be asked to complete a food diary electronically, 

using the smartphone application Libro.  

 

We will also ask you if you would like to be contacted by researchers from Queen’s 

University Belfast at a later date and invited to take part in similar nutrition-related 

studies. You would only be agreeing to receive information and would not be under any 

obligation to take part in any future studies. If you decide not to consent to being 

contacted in the future it would not have any influence on your involvement in this 

particular research study and will not affect any standard of care that you receive.  

 

Please note that your participation is entirely voluntary, and you may withdraw from this 

research at any time and for any reason, without having to give an explanation. Your 

participation, or non-participation will not affect your treatment, career progression or 

legal rights. If you have any questions or concerns during the study, please feel free to 

contact the researchers at any time.  

 

Are there any risks – dangers of taking part in this study? 

We do not expect you to have any problems during your time involved in the study at the 

Centre for Public Health. After each study visit you are free to drive and act as you 

normally would. In case you have any queries about safety issues, please feel free to 

contact the researchers listed below. 

 

When will this study take place? 

The study will take place on dates and times that are most convenient for you. Each study 

visit should be approximately one week apart.  

 

Where will this study take place? 

The study will take place in the Nutrition Research Interview Room in Institute of 

Clinical Sciences A of the Royal Victoria Hospital.  

 

How much of your time will your participation require? 

Each study visit should take approximately 90 minutes. To successfully complete the 

study, four study visits with approximately one week in between each visit are required, 

meaning a total time commitment of approximately 6 hours.  

 

What will happen to the data from this project? 

The data collected will be treated securely and confidentially as necessary under the Data 

Protection Act and stored as required by the University. All results, if published, will be 

anonymised and participants will not be identifiable in any data produced from this study. 

You can also choose to receive information relating to the outcome of the study at the end 

of your participation if you wish.  
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Queen’s University Belfast is the sponsor for this study based in Belfast. We will be 

using information from you in order to undertake this study and will act as the data 

controller for this study. This means that we are responsible for looking after your 

information and using it properly. Queen’s University will keep identifiable information 

about you for 5 years after the study has finished. Your rights to access, change or move 

your information are limited as we need to manage your information in specific ways in 

order for the research to be reliable and accurate. If you withdraw from the study, we will 

keep your information about you that you have already obtained. To safeguard your 

rights, we will use the minimum personally-identifiable information possible. You can 

find out more about how we use your information by contacting the researcher. 

 

The researcher will keep your name and contact details confidential and will use this 

information as needed, to contact you about the research study, and make sure that 

relevant information about the study is recorded for your care, and to oversee the quality 

of the study. Certain individuals from Queen’s University Belfast and regulatory 

organisations may look at your research records to check the accuracy of the research 

study. Queen’s University will only receive information without any identifying 

information. The people who analyse the information will not be able to identify you and 

will not be able to find out your name or contact details.  

 

When you agree to take part in a research study, the information about your health and 

care may be provided to researchers running other research studies in this organisation 

and in other organisations. These organisations may be universities, NHS organisations or 

companies involved in health and care research in this country or abroad. Your 

information will only be used by organisations and researchers to conduct research in 

accordance with the UK Policy Framework for Health and Social Care Research. This 

information will not identify you and will not be combined with other information in a 

way that could identify you. The information will only be used for the purpose of health 

and care research and cannot be used to contact you or to affect your care. It will not be 

used to make decisions about future services available to you, such as insurance. 

 

Who is organizing and funding the project? 

This research project is being carried out by Miss Megan Wallace under the supervision 

of Professor Jayne Woodside and Dr Gerry McKenna, as part of a PhD project funded by 

the Department for the Economy.  

 

Has the study got ethical approval? 

This study has been reviewed by the Research Ethics Committee of the School of 

Medicine, Dentistry and Biomedical Sciences, Queen’s University Belfast. 

 

 

 

 

 

 

 

 

443

https://www.hra.nhs.uk/planning-and-improving-research/policies-standards-legislation/uk-policy-framework-health-social-care-research/


18/41v2 

Version 2.0 02/08/18 SM Wallace 

If you have any further questions or would like to know more about the study, please feel 

free to contact the researcher at any time.  

 

Name of Researcher:    

Miss Megan Wallace 

Contact details of researcher: Centre for Public Health, Queen’s University Belfast, 

ISCB, Royal Victoria Hospital, Grosvenor Road, Belfast, BT12 6BJ.  

Email: qubbreakfaststudy@gmail.com  

 

 

Name of Supervisor: Professor Jayne Woodside 

Contact details of supervisor: Centre for Public Health, Queen’s University Belfast, 

ISCA, Royal Victoria Hospital, Grosvenor Road, Belfast, BT12 6BJ. 

Email: qubbreakfaststudy@gmail.com  

  

Name of Supervisor: Dr Gerry McKenna  

Contact details of supervisor: Centre for Public Health, Queen’s University Belfast, 

ISCB, Royal Victoria Hospital, Grosvenor Road, Belfast, BT12 6BJ. 

Email: qubbreakfaststudy@gmail.com   
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Can eating harder textured foods slowly influence satiety? A randomised crossover 

breakfast study   

 

Background 

It has been widely recognised in the adult population that numerous factors can influence food choice 

and eating behaviours, such as socio-economic status, health conditions and personal preference 

(Ahmed and Haboubi, 2010; Lesley and Hankey, 2015). Furthermore, it has also been noted that 

masticatory performance (defined in 2005 by the Academy of Prosthodontics as the effort required to 

achieve a standard degree of communition) and oral health status, including the physical ability to bite 

and chew, can also have an impact on food choices, overall enjoyment of food and nutritional status 

(Papas et al, 1989; Leake et al, 1990; Sheiham et al, 1999; Borretti et al, 1995; Schwahn et al, 2013).  

Food choice in modern society can be heavily influenced by an obesogenic food environment, and the 

high accessibility of energy dense foods (de Graaf &Kok, 2010; Rolls, 2010). It has been 

recommended by The Obesity Society that individuals should reduce their speed of eating to control 

energy intake, as faster eating rates have been identified as a modifiable risk factor for obesity 

(Mechanick et al, 2009). Several approaches have been identified to reduce calorie intake, and 

enhance satiety, through the manipulation of oral processing behaviours and slowing the rate of 

eating. These include giving instructions to chew each bite a certain number of times (Li et al, 2011; 

Smit et al, 2011) and using utensils such as the ‘smart fork’ designed to prompt consumers to eat 

slower (Hermans et al, 2016; Hermsen et al, 2016).  

Studies such as those conducted by Cassady et al in 2009 observed that instructing individuals to 

chew a greater number of chews per bite led to significantly higher fullness levels and significantly 

higher hunger levels when compared to chewing each bite a fewer number of times, and Li et al found 

in 2011 that chewing each bite 40 times resulted in a lower energy intake compared to chewing each 

bite 15 times. Hunger and satiety related hormones were also affected; chewing a greater number of 

times resulted in higher postprandial levels of glucagon-like peptide 1 and cholecystokinin, and lower 

postprandial levels of ghrelin (Cassady et al, 2009; Li et al, 2011). Simply instructing participants to 

chew slowly, without giving instructions to chew a specific number of times, has also been shown to 

enhance satiety and decrease energy intake (Andrade et al, 2008; Privitera et al, 2012), highlighting 

the potential benefit of altering the rate of eating in reducing calorie consumption.  

Research has also been conducted to investigate how modifying the texture of foods to manipulate 

oral processing behaviours can influence satiety and reduce energy intake, with the additional benefit 

of having less of an impact on the natural experience of eating a meal (Ferriday et al, 2016; Forde et 

al, 2017; Bolhuis et al, 2014; Forde et al, 212). It has been observed that foods with softer textures or 

that can be ingested quickly, such as sugar-sweetened beverages and foods high in fat and 

carbohydrates, have a lower satiety compared to foods with harder textures that can be eaten at a 

slower rate (de Graaf et al, 2011; Robinson et al, 2014; Forde et al, 2013; Forde et al, 2017). 

Compared to foods with softer textures, that also tend to be more palatable, harder-textured foods, that 

require more chewing activity, tend to be eaten with smaller bite sizes and spend a greater amount of 

time in the mouth (referred to as oro-sensory exposure time) (Bolhuis et al, 2014; Zijlstra et al, 2009 

Li et al, 2011; Smit et al, 2011) and foods with a longer oro-sensory exposure time and smaller bite 

sizes have been shown to lower ad-libitum food intake (Bolhuis et al, 2014; Zijlstra et al, 2009; 

McCrickerd et al, 2017). However, no work has been done previously to investigate the combined 

effects of modifying food texture and oral processing behaviours, or within the Northern Irish 

population to investigate the links between eating behaviours, oral health status and chewing ability, 

and how these can impact satiety.   
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Study Design  

This is a randomised crossover experiment designed to test the impact of both oral processing 

behaviours and food texture on self-reported satiety amongst the healthy general population in 

Northern Ireland. The impact of masticatory performance on satiety will also be investigated, as well 

as a comparison of objective and subjective methods of evaluating masticatory performance. 

 

Primary Outcomes 

To investigate whether consumption of foods differing in texture, classified as “fast” or “slow” foods, 

combined with differences in oral processing behaviours (chewing normally or more slowly), has an 

impact on self-reported satiety  

Secondary Outcomes  

To investigate if masticatory performance has an impact on self-reported satiety  

To compare objective and subjective methods of evaluation of masticatory performance   

To examine the potential of saliva as a biological material for the assessment of nutritional status 

 

Inclusion and exclusion criteria  

Individuals aged ≥18 will be eligible to participate in this study  

Individuals with dietary restrictions will not be eligible; including allergies to any of the foods that 

make up the test meals, lactose intolerance and coeliac disease    

 

Methods to be used 

Volunteer recruitment  

Eligible participants (n=21) will be recruited from Northern Ireland using the following methods: 

1. Advertisement: 

A4 posters describing the study will be posted in public places (with relevant permission) such as 

areas of the University campus. An advertisement will also be circulated via Queen’s staff round-

up and internal QUB mailing lists. 

If interested participants will contact the study researcher to discuss the study and what exactly it 

involves in more detail, and they will be given a copy of the Participant Information Sheet.  

Potential participants will be given at least 48 hours from learning about the study and obtaining 

the Participant Information Sheet to decide whether or not they wish to be involved in the study.  

 

2. Mailing list of former QUB study participants: 

The study researcher will contact and inform any former QUB research study participants who 

have given consent to being contacted about potential research studies. 
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If interested in the study the participants will be given a copy of the Participant Information Sheet 

including contact details for the study researcher. Potential participants will be given at least 48 

hours to decide whether or not they wish to take part in the study.   

3. Other techniques 

Snowballing and convenient sampling techniques will be used, and every effort will be made to 

recruit participants from different ages, genders, socio-economic groups, and from urban and rural 

locations. These will be assessed in a brief lifestyle questionnaire.  

 

Plan of investigation  

Participants who are eligible to take part in the study will be invited to attend the Nutrition Research 

Interview Room in Institute of Clinical Sciences Block A on four separate occasions, with an interval 

of one week between each visit. All visits will occur following an overnight fast and will involve 

consuming a breakfast meal. Participants will be asked to arrange all appointments (close to one week 

apart if possible) well in advance. The researcher will contact participants via phone call or email two 

days prior to their appointment as a reminder. If participants fail to attend their scheduled appointment 

they will be contacted by the researcher via phone call or email to determine whether or not they 

would like to reschedule their appointment or leave the study.  

To reduce demand awareness, the Participant Information Sheet will be modified accordingly to 

ensure participants are not aware of the true aim of the study to investigate how oral processing, 

texture differences and masticatory performance can influence self-reported satiety. The participants 

will instead be informed that the aim of the study is to investigate the effect of time spent eating 

breakfast on mood. The title of the research project on the Participant Information Sheet will also be 

changed (Title: Can spending a longer period of time eating breakfast impact mood?). At the end of 

the study period (after all study visits have been completed), participants will be contacted 

individually by telephone or email to be informed of the deception and the true aims of the study, and 

a debrief session will be arranged for each participant to ensure all issues and queries can be 

discussed.  

 

• Description of breakfast sessions  

Breakfast option 1 - slow This breakfast option will be the ‘slow’ option; with a crunchy texture to 

prolong orosensory exposure time and increase chewing activity. This breakfast will consist of 73g of 

Sainsbury’s Raisin, Honey and Nut Granola and 155ml of semi-skimmed milk and has 400kcal in 

total.  

Breakfast option 2 - fast This breakfast option will be the ‘fast’ option; with a smoother texture to 

reduce orosensory exposure and decrease chewing activity. This breakfast will consist of 240g of 

Activia Grains and Nuts yoghurt, 24g of Sainsbury’s Taste the Difference blackcurrant conserve and 

20g Alpen Muesli Original and this will have 400kcal in total.  

Normal chewing condition- In these sessions participants will be asked to consume the test meal 

chewing each bite as they normally would until they have finished the breakfast. 

Slow chewing condition- In these sessions participants will be asked to consume the test meal 

chewing each bite as slowly as they can until they have finished the breakfast. 

Overall, there will be four breakfast conditions; the fast option of fruit compote and yoghurt 

consumed both normally and slowly, and the slow option of granola consumed both normally and 
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slowly. Participants will be blinded as to whether the meal is classified as either “fast” or “slow”, and 

the order or meals will be randomly allocated using block randomisation. Presentation of test meals 

will therefore be counterbalanced to neutralise possible learning effects. 

Data collection  

All study measurements will take place in the Nutrition Research Interview Room in the Institute of 

Clinical Sciences Block A. The following assessments (summarised below in Table 1) will be carried 

out during one of the four study visits: 

• General Information 

Participants will be given questionnaires to assess demographic and lifestyle information such as the 

GPAQ for physical activity, SF36 for health-related quality of life, socio-economic status and 

medication use. Anthropometric data will also be collected including height, weight, and waist 

circumference.  

• Satiety, hunger and palatability  

Hunger and satiety- Visual Analogue Scales (VAS), 100mm in length with words anchored at each 

end to express the most positive and most negative ratings, will be used to assess hunger, satiety, 

fullness, prospective food consumption and desire to eat (Flint et al, 2000; Blundell et al, 2010). 

Participants will be asked to complete these at the beginning of each test session, immediately prior to 

breakfast consumption, and immediately after breakfast consumption.  These ratings will be 

embedded in alongside other distractor ratings including how stressed, happy, alert, energetic and 

clear-headed the participant is and will be disguised as “Mood ratings”, as well as a mood 

questionnaire, the Positive and Negative Affect Schedule (PANAS). A VAS to measure expected 

satiation of each test meal will also be included in the below palatability ratings; participants will be 

asked to rate on a VAS how full they would expect to feel after consuming it.  

Palatability- VAS will also be completed by the participant while the test meal is being consumed to 

determine the visual appeal, smell, taste, aftertaste and overall palatability of the test meal.  

• Oral processing behaviours  

Participants will be asked to undergo methods to investigate oral processing behaviours and how this 

can impact satiety and food intake later in the day. Participants will be invited to consume 400kcal of 

the two breakfast options and chew as instructed. All participants will have access to a set amount of 

water (250ml) during the meal time session.   

Each participant will sit at a table in a booth with their food and water. Participants will be videoed 

throughout the mealtime sessions using a webcam on a laptop set up 30 cm away from them, and the 

researcher will leave the room whilst the participant is eating to avoid influencing eating behaviour. 

Participants will be informed prior to the session that they are being recorded whilst eating the 

breakfast however will not be able to see themselves on the camera/video display while being 

recorded and will not be aware of the specific oral processing behaviours that are being looked for, as 

this may influence their eating behaviour.  

Before each test meal participants will be given instructions for chewing (i.e. to chew as they 

normally would or to chew as slowly as they possibly can) however will not be informed whether the 

meal is made up of foods that are classified as either “fast” or “slow” as this may influence their 

eating behaviour.  

A behavioural observation software (ELAN 4.9.1, Max Planck Institute for Psycholinguistics, The 

Language Archive, Nijmegen, The Netherlands) will be used to code the video recordings of the 
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breakfast sessions for oral processing behaviours (Forde et al, 2017; Fogel et al, 2017). Frequencies of 

three key events (bites, chews and swallows) will be recorded using a coding scheme developed for 

the software, and the duration of a single continuous event (total oral exposure time) will also be 

simultaneously coded. Therefore, only the time spent by the food in the mouth is collated to enable 

accurate oral exposure time measures. The time for which the food is in the mouth will be collected 

per bite and cumulated across all bites to produce the total oral exposure time (min). The grams of 

food consumed will then be divided by the total oral exposure time to calculate the mean eating rate 

(g/min). The total weight of food consumed will be divided by the number of bites required to 

consume it to calculate the average bite size, both for each breakfast option and for each participant. 

Other measures such as chew rate (chews/s), bite size (g/bite) and chews/bite will also be calculated. 

All video coding will be completed by a single coder and will be validated through standard reliability 

measures by a second trained coder to achieve an acceptable range (minimum 80% of agreement).  

Participants will also be asked to classify their usual rate of eating by answering the following 

question: “How would you describe your usual rate of eating?” on a five-point qualitative scale with 

the categories, ‘very slow’, ‘relatively slow’, ‘medium’, ‘relatively fast’ and ‘very fast’.   

Participants will also be asked to complete the Adult Eating Behaviour Questionnaire to investigate 

eating behaviours. 

• Food intake 

Dietary intake will be assessed at four time points (each study visit) using four-day food diaries to be 

completed by each participant on four non-consecutive days, including the day of the study visit.  In a 

small subset of participants, as well as completing the four-day food diaries, they will also be asked to 

record their daily food intake using the smartphone based ‘Libro’ application developed by nutrition 

software company Nutritics. Food diaries will be entered into Nutritics, and statistical analysis will be 

conducted using SPSS. 

• Masticatory Performance 

As part of the first study visit, participants will be asked to undergo two different evaluation methods 

of masticatory performance. This will be to repeat previous work by Pedroni-Pereira et al (2017) and 

using the methods of Schimmel et al (2015) to verify if there is agreement between objective and 

subjective validated methods of evaluating masticatory performance; a subjective self-completed 

questionnaire and an objective colour-changing chewing gum test.  

Objective measure- Participants will be asked to undergo an objective test to evaluate masticatory 

performance using a previously validated colour-mixing ability bolus-kneading test (Buser et al, 

2018).  

Participants will be asked to chew the Hue-check Gum®; which consists of two coloured layers (blue 

and pink). The gum will be placed in the participants mouth with the blue layer facing the tongue, and 

the participant will be instructed to chew thoroughly, whilst being allowed to change chewing sides 

during the test. No other instructions will be given to ensure the chewing sequence is as normal as 

possible, and the researcher will count 20 chewing cycles, after which they will instruct the participant 

to stop chewing. The gum will then be retrieved from the oral cavity by the researcher, placed in the 

middle of a transparent plastic bag and flattened using a template to a 1mm thick wafer for scanning 

and analysis.  

Both sides of the flattened wafer will be scanned within 24 hours of chewing to prevent colour 

degradation, and the images will be imported into a freely available software for analysis 

(ViewGum© software, dHAL Software, Greece, www.dhal.com ). The software will transform the 

scanned images of the flattened gum into the HIS (hue, intensity, saturation) colour space and 
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calculate the hue value for each pixel. If the colours of the specimen are not mixed, two well-

separated peaks on the hue axis are present. With increasing degree of colour mixing, the two hue 

peaks of each colour group converge and will eventually fuse at an intermediate position into one 

peak when the colours are perfectly mixed. Hence, inadequate mixing presents with larger variance on 

the hue axis than complete mixing. The variance of the hue (VOH) is considered as the measure of 

mixing, and it is significantly associated with the number of chewing cycles. The smaller the VOH 

value, the greater the mixing of the two‐coloured layers of the chewed gum, which in turn means 

better masticatory performance. 

Subjective measure- Participants will be asked to complete a short questionnaire on their masticatory 

performance and overall oral health status; incorporating a validated tooth counting questionnaire, 

oral health related quality of life measure (OHIP-14) and a quality of masticatory function 

questionnaire.  

• Saliva sample collection and analysis 

Prior to saliva sample collection, participants will be asked to complete a short questionnaire based on 

factors that could affect the level of salivary biomarkers. Participants should be in a fasting state and 

they should remove any dentures prior to sample collection. Participants should not brush their teeth 

45 minutes before sample is collected and they should not have consumed any alcohol or liquids 

containing caffeine. Participants should also have not smoked before collection or had any dental 

work performed in the previous 24-hour period. 

Participants will be asked to provide one saliva sample into a standard sterile graduated polypropylene 

collection tube at the first and the final study visit. The saliva collection will take place during the 

morning time (7-9.30am) and both samples will be collected around the same time at the two visits.  

Based on previous literature, the saliva collection method will be that whole saliva will be collected 

without any chemical or mechanical stimulation. This methodology has previously been completed in 

another study at Queen’s University Belfast “The Effect of Physical Activity on Salivary Biomarkers” 

(Ref: 17.55v2). Participants will be instructed to sit upright with their head slightly titled forward to 

allow saliva to accumulate in the floor of their mouth. Participants will then spit all saliva produced 

for a total of five minutes into the collection tube. They will be asked to avoid swallowing saliva 

during this time period. Any samples visibly contaminated with blood will be discarded and 

recollected if time permits.   

As saliva samples will be collected on site, they will be immediately transferred to the laboratory and 

centrifuged at 800 x g for 10 minutes on the day of collection. The supernatant will be removed and 

this will be aliquoted before storage in a -80°C freezer at the Centre for Public Health, Queen’s 

University Belfast. The saliva samples will be kept in the freezer and thawed prior to analysis. The 

saliva samples will be logged on the Human Tissue Act database at the University. Samples will be 

processed according to agreed SOPs and when the samples can no longer be used the database will be 

updated. Salivary biomarkers of nutritional status will be analysed potentially using, but not limited to 

any suitable commercially available kits, assays (e.g. Bradford method; bovine serum albumin as 

standard) and laboratory equipment (e.g. spectrophotometer). These biomarkers will potentially 

include, but will not be limited to, albumin, prealbumin, ferritin, transferrin, iron, vitamin C, vitamin 

D, amylase, total antioxidant capacity, calcium, phosphorus and potassium. Genetic information or 

DNA will not be evaluated. 
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Table 1. Summary of outcome measures to be assessed  

 

 

 

 

 

 

 

Outcome to be assessed Method of assessment Time of assessment  

Height Wall mounted or portable stadiometer (m) Study visit 1 

Weight Digital scales (kg) Study visit 1 

Waist circumference Flexible measuring tape (cm) Study visit 1 

Hip circumference Flexible measuring tape (cm) Study visit 1 

Physical activity General Physical Activity Questionnaire (GPAQ) Study visit 1 

Socio-economic status  Health and lifestyle questionnaire Study visit 1 

Health-related quality of life  General Health Questionnaire (GHQ-12)  Study visit 1 

Medication usage  Health and lifestyle questionnaire Study visit 1 

Masticatory performance                              

Objective measurement                                      Colour-mixing ability bolus-kneading (chewing gum) test (Buser et al, 2018) Study visit 1 

Subjective measurement                                      
Self-report questionnaires- tooth count questionnaire, quality of masticatory function 

questionnaire, oral health-related quality of life questionnaire (OHIP-14)  
Study visit 1 

Oral processing behaviours  
Laptop/webcam setup and behavioural observation software (ELAN 4.9.1, Max Planck 

Institute for Psycholinguistics, The Language Archive, Nijmegen, The Netherlands) 
Each study visit 

Appetite, palatability and mood ratings  Visual analogue scale  Each study visit 

Food intake Paper and electronic-based 4-day food diaries  Each study visit 

Biological markers of nutritional status  Unstimulated saliva sample collected using the spitting method  Study visits 1 and 4 

Eating behaviours The Adult Eating Behaviour Questionnaire (AEBQ) Study visit 1  
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Sample size with justification  

A total of 25 participants will be recruited for the study, allowing for drop-outs to achieve the desired 

number of 21 participants. This sample size is based on the standard deviation of the change in 

fullness from pre-and post-breakfast consumption of 21 from a previous study (Watson et al, 2018) 

which is likely to overestimate the standard deviation of the difference in the change of fullness 

between breakfasts. The study will have over 80% power to detect as statistically significant, at the 

5% level, a mean difference in change in fullness between the slow breakfast (the granola option) 

eaten slowly and the fast breakfast (the fruit compote and yoghurt) eaten normally of 13 units, based 

upon a paired samples t-test. We will have similar power for other comparisons.  

 

Planned statistical analysis of results  

Statistical analysis will be conducted using SPSS, and a P value of 0.05 will be considered 

statistically significant. For the primary outcomes, repeated-measures general linear models will be 

conducted to assess the effect of texture differences (slow vs fast options) and different oral 

processing behaviours (chewing normally vs chewing slowly) on measures of satiety pre-and post-

consumption. Paired sample t-tests will be conducted to investigate differences in satiety between the 

breakfast options pre- and post-consumption.  

For the secondary outcomes, regression models will be conducted to investigate masticatory 

performance as a predictor of satiety post-breakfast consumption. Pearsons correlation coefficient will 

be used to assess the degree of correlation between the objective chewing gum measure of masticatory 

performance and the subjective questionnaires. 

 

Project timetable 

Date  Task Who is responsible/involved  

August- 

October 2018  

Recruitment Miss Megan Wallace  

October 2018- 

February 2019 

Data collection and entry including eating behaviour video 

coding, chewing gum test photo analysis and laboratory 

analysis of saliva  

Miss Megan Wallace and Miss 

Danielle Logan   

February- 

March 2019  

Statistical analysis of data obtained   Miss Megan Wallace   

March-April 

2019  

Write up of results  Miss Megan Wallace  

 

 

Data protection issues  

The data collected as part of this study is completely anonymous and will be held securely and 

confidentially as necessary under the General Data Protection Regulation and Data Protection Act 

2018 and stored as required by the University.  Participants will not be identifiable from any data 

produced as a result of this study, and participants names will not appear on any documentation 

associated with the study apart from consent forms and participant contact details which will be kept 

in a locked filing cabinet along with any other study documentation. Participants will be allocated a 

unique study number which will be used on any documentation. We will not evaluate genetic 

information or DNA. Saliva samples will be labelled with an anonymous participant number, assigned 

at the start of the study, and used to identity all data relating to that participant. The saliva samples to 
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be collected in this study are defined as human tissue act (HTA)-relevant. Therefore, in line with 

QUB HTA guidelines, the samples will be stored in a Tscan-monitored -80°C freezer which is 

equipped with temperature sensors in case of freezer breakdown. On arrival in the laboratory sample 

numbers will be checked and then details will be uploaded to the QUB Human tissue database. 

Samples will be processed according to agreed SOPs and as soon as they have been tested to 

destruction in laboratory analyses, the QUB database will be updated.  
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General Physical Activity Questionnaire  

 

I am going to ask you about the time you spend doing different types of physical activity in a 

typical week. Please answer these questions even if you do not consider yourself to be a 

physically active person. Please answer these questions honestly and to the best of your 

ability and note that completion of the questionnaire is voluntary and you can choose not to 

answer any of the questions if you wish. Please circle the appropriate answer or provide 

information where necessary. 

 

 

Activity at work 

 

1. Does your work involve vigorous-intensity activity that causes large increases in 

breathing or heart rate [e.g. carrying or lifting heavy loads, digging or construction 

work] for at least 10 minutes continuously? 

 

Yes   No    If No, go to 4 

 

2. In a typical week, on how many days do you do vigorous intensity activities as part of 

your work?  

 

_______________________________ 

 

3. How much time (hours and minutes) do you spend doing vigorous-intensity activities 

at work on a typical day?  

 

________________________________________________ 

 

4. Does your work involve moderate-intensity activity that causes small increases in 

breathing or heart rate such as brisk walking [or carrying light loads] for at least 10 

minutes continuously? 

 

Yes   No   If No, go to 7 

 

5. In a typical week, on how many days do you do moderate intensity activities as part 

of your work? 

 

_______________________________ 

 

6. How much time (hours and minutes) do you spend doing moderate-intensity activities 

at work on a typical day? 

 

 _______________________________________________ 
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Travel to and from places 

 

The next questions exclude the physical activities at work that you have already mentioned. 

Now I would like to ask you about the usual way you travel to and from places. For example 

to work, for shopping, to market, to place of worship.  

 

7. Do you walk or use a bicycle (pedal cycle) for at least 10 minutes continuously to get 

to and from places? 

 

Yes   No    If No, go to 10 

 

8. In a typical week, on how many days do you walk or bicycle for at least 10 minutes 

continuously to get to and from places? 

 

________________________________ 

 

9. How much time (hours and minutes) do you spend walking or bicycling for travel on 

a typical day?  

 

________________________________________________ 

 

 

Recreational activities 

 

The next questions exclude the work and transport activities that you have already mentioned. 

Now I would like to ask you about sports, fitness and recreational activities (leisure). 

 

10. Do you do any vigorous-intensity sports, fitness or recreational (leisure) activities 

that cause large increases in breathing or heart rate [e.g. running or football,] for at 

least 10 minutes continuously? 

 

Yes   No    If No, go to 13 

 

 

11. In a typical week, on how many days do you do vigorous intensity sports, fitness or 

recreational (leisure) activities?  

_________________________________ 

 

 

12. How much time (hours and minutes) do you spend doing vigorous-intensity sports, 

fitness or recreational activities on a typical day? 

 

________________________________________________ 

 

13. Do you do any moderate-intensity sports, fitness or recreational (leisure) activities 

that causes a small increase in breathing or heart rate such as brisk walking (cycling, 

swimming, volleyball) for at least 10 minutes continuously? 

 

Yes   No   If No, go to 16 
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14. In a typical week, on how many days do you do moderate-intensity sports, fitness or 

recreational (leisure) activities?  

_________________________________ 

 

15. How much time (hours and minutes) do you spend doing moderate-intensity sports, 

fitness or recreational (leisure) activities on a typical day? 

 

___________________________________________ 

 

 

Sedentary behaviour 

 

The following question is about sitting or reclining at work, at home, getting to and from 

places, or with friends including time spent [sitting at a desk, sitting with friends, travelling in 

car, bus, train, reading, playing cards or watching television], but do not include time spent 

sleeping. 

 

16. How much time (hours and minutes) do you usually spend sitting or reclining on a 

typical day?  

 

____________________________________________ 
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SF-36 Health Survey  

 

Below are some questions relating to your general health. Please answer these questions 

honestly and to the best of your ability and note that completion of the questionnaire is 

voluntary and you can choose not to answer any of the questions if you wish. Please choose 

one option for each questionnaire item. 

 

1. In general, would you say your health is: 
 

Excellent 
 

Very good 
 

Good 
 

Fair 
 

Poor 

 

2. Compared to one year ago, how would you rate your health in general now? 
 

Much better now than one year ago 
 

Somewhat better now than one year ago 
 

About the same 
 

Somewhat worse now than one year ago 
 

Much worse now than one year ago 

 

 

The following items are about activities you might do during a typical day. Does your health 

now limit you in these activities? If so, how much? 
Yes, limited Yes, limited No, not 

a lot  a little  limited at all 

 

3. Vigorous activities, such as running, lifting heavy                                                                                               

objects, participating in strenuous sports 

 

4. Moderate activities, such as moving a table,                                                                                                     

pushing a vacuum cleaner, bowling, or playing golf 
 

5. Lifting or carrying groceries     
 

6. Climbing several flights of stairs  
 

7. Climbing one flight of stairs  
 

8. Bending, kneeling, or stooping  
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Yes, limited Yes, limited No, not 

a lot  a little  limited at all 

 

9. Walking more than a mile  
 

10. Walking several blocks  
 

11. Walking one block  
 

12. Bathing or dressing yourself  

 

 

During the past 4 weeks, have you had any of the following problems with your work or 

other regular daily activities as a result of your physical health? 
Yes   No 

 

13. Cut down the amount of time you spent on work or other activities 
 

14. Accomplished less than you would like 
 

15. Were limited in the kind of work or other activities 
 

16. Had difficulty performing the work or other activities (for example, it                                                    

took extra effort)  

 

 

During the past 4 weeks, have you had any of the following problems with your work or 

other regular daily activities as a result of any emotional problems (such as feeling 

depressed or anxious)? 
Yes   No 

 

17. Cut down the amount of time you spent on work or other activities  
 

18. Accomplished less than you would like  
 

19. Didn't do work or other activities as carefully as usual  

 

 

20. During the past 4 weeks, to what extent has your physical health or emotional 

problems interfered with your normal social activities with family, friends, neighbours, 

or groups? 
 

Not at all 
 

Slightly 
 

Moderately 
 

Quite a bit 
 

Extremely 
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21. How much bodily pain have you had during the past 4 weeks? 
 

None 

 

Very mild 

 

Mild 

 

Moderate 

 

Severe 

 

Very severe 

 

22. During the past 4 weeks, how much did pain interfere with your normal work 

(including both work outside the home and housework)? 
 

Not at all 
 

A little bit 
 

Moderately 

 

Quite a bit 
 

Extremely 

 

These questions are about how you feel and how things have been with you during the 

past 4 weeks. For each question, please give the one answer that comes closest to the way 

you have been feeling. 
 

How much of the time during the past 4 weeks... 

 

All of       Most        A good         Some         A little        None 

of the       of the       bit of            of the       of the          of the 

time       time          the time       time       time            time 

 

23. Did you feel full of pep?  

 

24. Have you been a very                                                                                                               

nervous person?  
 

25. Have you felt so down in                                                                                                                        

the dumps that nothing could                                                                                                           

cheer you up?  
 

26. Have you felt calm and                                                                                                              

peaceful?  

 

27. Did you have a lot of                                                                                                               

energy?  

 

28. Have you felt down-                                                                                                               

hearted and blue? 
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All of       Most        A good        Some        A little         None              

of the       of the       bit of            of the     of the           of the 

time       time          the time       time     time           time 

 

29. Did you feel worn out?  

 

30. Have you been a happy person?  
 

31. Did you feel tired?  

 

 

32. During the past 4 weeks, how much of the time has your physical health or 

emotional problems interfered with your social activities (like visiting with friends, 

relatives, etc.)? 
 

All of the time 

 

Most of the time 

 

Some of the time 

 

A little of the time 

 

None of the time 

 

 

How TRUE or FALSE is each of the following statements for you. 

 
                                              Definitely     Mostly      Don't      Mostly      Definitely 

                                                                    true               true           know      false         false        

 

33. I seem to get sick a little easier than 

other people 
 

34. I am as healthy as anybody I know  
 

35. I expect my health to get worse  
 

36. My health is excellent  
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General Information Questionnaire 

 

Thank you very much for participating in this research study investigating the relationship 

between time spent eating breakfast and mood. Below are some questions relating to your 

general demographics, health and lifestyle. Please answer these questions honestly and to the 

best of your ability and note that completion of the questionnaire is voluntary, and you can 

choose not to answer any of the questions if you wish. Please circle or tick the appropriate 

answer or provide information where necessary.  

 

1.What age are you? ______________________________________ 

2.What gender are you?  Male   Female  Other          Prefer not to say 

3.Are you currently employed?       Yes                  No  

If yes, state your occupation ____________________________________________ 

If no, please state why____________________________________________ 

4.What is the highest level of education that you have achieved? 

Some primary (not complete)  

Primary or equivalent  

GCSE/Intermediate/junior/group certificate or equivalent  

A-Level/Leaving certificate or equivalent  

Diploma/certificate  

Primary degree  

Postgraduate/higher degree  

None  

Other  

 

 

5.What is your ethnic group?  

White  

Irish Traveller  

White and Black Caribbean  

White and Black African  

White and Asian  

Any other Mixed/Multiple ethnic background, please describe 

 
 

Indian  

Pakistani  

Bangladeshi  

Chinese  

Any other Asian background, please describe 
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African  

Caribbean  

Any other Black/African/Caribbean background, please describe 
 
 

Arab  

Any other ethnic group, please describe 

 
 

 

6.Do you normally eat breakfast? Everyday Most days Some days      Never  

7.Do you smoke cigarettes, cigars or a pipe? Yes No Did previously  

8.Do smoke e-cigarettes or vaporizers?  Yes No Did previously   

9.Do you drink alcohol?    Yes No Did previously   

10.Do you have any medical conditions? Yes No    

If yes, please go to question 11. If no, please go to question 12. 

11.Have you been diagnosed with any of the following health conditions?  

Malnutrition (e.g. protein-calorie malnutrition, protein-energy malnutrition, severe or acute 

malnutrition) 

Type 2 Diabetes  

Osteoporosis  

Oral conditions (e.g. periodontal disease) 

Vitamin deficiencies: (please select specific deficiencies) 

Vitamin A (retinol) 

 

 

B group vitamins (including B1, B2, B3, 

B5, B6, B7, B12) 

 

 

Folic Acid (vitamin B9) 

 

 

Vitamin C (ascorbic acid) 

 

 

Vitamin D 

 

 

Vitamin E  
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Mineral deficiencies: (please select specific deficiencies) 

Calcium 

 

 Magnesium 

 

 

Chromium 

 

 Phosphorus 

 

 

Copper 

 

 Potassium 

 

 

Fluoride 

 

 Selenium 

 

 

Iodine 

 

 Sodium  

 

 

Iron-deficiency 

anaemia (anaemia)  

 

 Zinc 

 

 

Other: Please state below  

_______________________________________________________________________

_______________________________________________________________________

_______________________________________________________________________ 

12.Please state any prescriptions/over-the-counter medication you take regularly (at least 

once a week for 3 months or more) e.g. Aspirin, Paracetamol, Ibuprofen etc.  

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

13.Please state any hormonal medication you take regularly (at least once a week for 3 

months or more) e.g. Hormonal Replacement Therapy, oral contraceptive, testosterone etc.  

_____________________________________________________________________________

_____________________________________________________________________________

_____________________________________________________________________________ 

14.Please state any nutritional supplements you take regularly (at least once a week for 3 

months or more)  

_____________________________________________________________________

_____________________________________________________________________

_____________________________________________________________________ 

15.How many portions of fruit and vegetables do you consume per day? _____________ 

16.Are you currently following any specific diet,        Yes No                                                                     

or have you done so in the last 6 months? 

If yes, please state_________________________________________________________ 

17. How would you describe your usual rate of eating?                                                    

Very slow     Relatively slow     Medium     Relatively fast     Very fast     

For females only   

18. Are you pregnant or breastfeeding?   Yes No   
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       Participant no. ______________ 
Participant Anthropometric Information Taken at Study Visit 1 

 

Height (m) 
 

Weight (kg) 
 

BMI (kg/m2) 
 

Waist circumference (cm) 
1. 
2. 
3. 

Hip circumference (cm) 
1. 
2. 
3. 

Waist/hip ratio 
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General Oral Health Questionnaire  

Please answer these questions honestly and to the best of your ability and note that completion of the 

questionnaire is voluntary and you can choose not to answer any of the questions if you wish. Please 

tick or circle the appropriate box or provide information where necessary.  

Section A Your Upper Teeth- This section will ask questions about your UPPER teeth and 

any UPPER denture you may have.   

REMOVE YOUR DENTURES (IF YOU HAVE ANY) AND THEN LOOK IN A MIRROR.   

1. Looking at your UPPER jaw, do you still have some or all of your own upper 

teeth? 

 Yes  

 No  

 

IF YOUR ANSWER IS YES, GOTO Q3 

IF YOUR ANSWER IS NO:  

2. Do you have a complete UPPER denture? (a denture that replaces all of your 

upper teeth) 

 Yes  

 No  

 

3. We would like you to count how many of your own upper teeth you have.  To do 

this, follow these steps: 

▪ USE YOUR FINGER TO TOUCH THE LAST TOOTH ON THE RIGHT HAND SIDE ON 

THE UPPER JAW 

▪ STARTING FROM THIS TOOTH AND POINTING TO EACH TOOTH IN TURN WITH 

YOUR FINGER, COUNT THE NUMBER OF TEETH IN YOUR UPPER JAW 

 Write down in the box opposite the number of UPPER teeth  

you have counted 

 

4. When you smile can you see any spaces at the front of your mouth on the 

UPPER jaw where you are missing teeth? 

 Yes  

 No  

5. Are you missing any back teeth in the UPPER jaw? 

 Yes  

 No  
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THE QUESTIONS ON THIS PAGE WILL ASK ABOUT YOUR UPPER DENTURE (IF YOU 

HAVE ONE).   

6. Do you have an UPPER partial denture? 

 Yes  

 No  

 

IF NO, GO TO SECTION B ON PAGE 3 

IF YES, CONTINUE WITH Q7 BELOW 

7. Overall, during the day, would you say that you wear your UPPER partial 

denture: 

 All of the time  

 Only occasionally  

 Never  

 

LOOKING AT YOUR UPPER PARTIAL DENTURE OUTSIDE OF YOUR MOUTH 

8. Count the number of teeth on the denture and write the  

number in the box opposite 

 

9. Is the part of the denture that fits the roof of your mouth  

made of: 

 Pink plastic  

 Metal  

 

LOOKING AT YOUR MOUTH WHEN YOU ARE WEARING YOUR UPPER PARTIAL 

DENTURE 

10. Does your UPPER partial denture replace upper teeth that are  

missing: 

 Only in the front of your mouth  

 Only in the back of your mouth  

 In the front and the back of your mouth  

 

CONTINUE WITH SECTION B ON THE NEXT PAGE 
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Section B Your Lower Teeth- This section will ask questions about your LOWER teeth and 

any LOWER denture you may have.   

REMOVE YOUR DENTURES (IF YOU HAVE ANY) AND THEN LOOK IN A MIRROR.   

1. Looking at your LOWER jaw, do you still have some or all of your own lower 

teeth? 

 Yes  

 No  

 

IF YOUR ANSWER IS YES, GOTO Q3 

IF YOUR ANSWER IS NO:  

2. Do you have a complete LOWER denture? (a denture that replaces all of your 

lower teeth) 

 Yes  

 No 

  

3. We would like you to count how many of your own lower teeth you have.  To do 

this, follow these steps: 

▪ USE YOUR FINGER TO TOUCH THE LAST TOOTH ON THE RIGHT HAND SIDE ON 

THE LOWER JAW 

▪ STARTING FROM THIS TOOTH AND POINTING TO EACH TOOTH IN TURN WITH 

YOUR FINGER, COUNT THE NUMBER OF TEETH IN YOUR LOWER JAW 

 Write down the number of LOWER teeth you have counted  

in the box opposite  

 

4. When you smile can you see any spaces at the front of your mouth on the 

LOWER jaw where you are missing teeth? 

 Yes  

 No  

 

5. Are you missing any back teeth in the LOWER jaw? 

 Yes  

 No  
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THE QUESTIONS ON THIS PAGE WILL ASK ABOUT YOUR LOWER DENTURE (IF YOU 

HAVE ONE).   

6. Do you have a LOWER partial denture? 

 Yes  

 No  

 

IF YOUR ANSWER IS NO, PLEASE GO TO SECTION C ON THE NEXT PAGE 

IF YOUR ANSWER IS YES, CONTINUE WITH Q7 BELOW 

7. Overall, during the day, would you say that you wear your LOWER partial 

denture: 

 All of the time  

 Only occasionally  

 Never  

 

LOOKING AT YOUR LOWER PARTIAL DENTURE OUTSIDE OF YOUR MOUTH 

8. Count the number of teeth on the denture and write the  

number in the box opposite 

 

9. Is the part of the denture that fits inside your own lower teeth  

made of: 

 Pink plastic  

 Metal  

 

LOOKING AT YOUR MOUTH WHEN YOU ARE WEARING YOUR LOWER PARTIAL 

DENTURE 

10. Does your LOWER partial denture replace lower teeth that are  

missing: 

 Only in the front of your mouth  

 Only in the back of your mouth  

 In the front and the back of your mouth  

 

CONTINUE WITH SECTION C ON THE NEXT PAGE 
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Section D The Quality of Masticatory Function Questionnaire- Please see below some 

questions relating to how well you can chew certain foods.  

 

1.Do you have difficulty chewing small pieces of beef? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty  

2.Do you have difficulty chewing small pieces of chicken? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty 

3.Do you have difficulty chewing ground beef? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty    No difficulty 

4.Do you have difficulty chewing hard, raw vegetables without cutting them? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty 

5.Do you have difficulty chewing hard, raw fruits without cutting them (e.g. apples)? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty 

6.Do you have difficulty chewing hard, raw fruits after cutting them in quarters? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty    No difficulty 

7.Do you have difficulty chewing peels of hard raw fruits? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty 

8.Do you have difficulty chewing crusty bread? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty 

9.Do you have difficulty chewing nuts and grains? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty 

10.Do you have difficulty chewing with your prosthesis (if applicable)? 

Extreme difficulty   A lot of difficulty   Moderate difficulty   A little difficulty   No difficulty   

11.Do you have to remove one or both of your prostheses in order to eat (if applicable)? 

Always Often       Sometimes  Rarely  Never   
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12.Do you have to drink while eating to facilitate swallowing? 

Always  Often        Sometimes  Rarely  Never 

13.Do you have to add sauce to your meal to facilitate swallowing? 

Always  Often        Sometimes     Rarely   Never 

14.Do you have to soak your food to facilitate chewing and/or swallowing? 

Always  Often        Sometimes  Rarely   Never 

15.Is your food choice limited because of your prosthesis (if applicable)? 

Always  Often        Sometimes  Rarely   Never   

16.In general, is the food well chewed before being swallowed? 

Always  Often        Sometimes   Rarely  Never 

17.Can you eat beef cut into small pieces? 

Always  Often        Sometimes   Rarely  Never 

18.Has it been necessary to ground the beef before eating? 

Always  Often        Sometimes   Rarely  Never 

19.Can you eat chicken cut into small pieces? 

Always  Often        Sometimes   Rarely  Never 

20.Has it been necessary to ground the chicken before eating? 

Always  Often        Sometimes   Rarely  Never 

21.Has it been necessary to puree the meat in order to eat it? 

Always  Often        Sometimes   Rarely  Never 

22.Can you eat fresh apples without cutting them? 

Always  Often        Sometimes   Rarely  Never 

23.Is it necessary to peel the apples before eating? 

Always  Often        Sometimes   Rarely  Never 
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24.Is it necessary to cut the apples into quarters in order to chew them? 

Always  Often        Sometimes   Rarely  Never 

25.Is it necessary to cut the apples into small pieces in order to chew them? 

Always  Often        Sometimes   Rarely  Never 

26.Has it been necessary to puree fruits in order to eat them? 

Always  Often        Sometimes   Rarely  Never 

27.Can you eat fresh carrots without cutting them? 

Always  Often        Sometimes   Rarely  Never 

28.Is it necessary to cut the carrots into small pieces in order to chew them? 

Always  Often        Sometimes   Rarely  Never 
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Mood Questionnaire   

For each question below please place a vertical mark (|) on each line that best describes how you are 

currently feeling. Please answer these questions honestly and to the best of your ability and note that 

completion of the questionnaire is voluntary and you can choose not to answer any of the questions if 

you wish. 

1. How happy do you feel?  

 

 

        0          100  

 

    Not at all                                                                                 Extremely 

 

2. How hungry do you feel? 

 

 

        0          100  

 

    Not at all                                                                                 Extremely 

 

3. How alert do you feel? 

 

 

        0          100  

 

    Not at all                                                                                 Extremely 

 

4. How much do you think you could (or would want to) eat right now? 

 

 

        0          100  

 

    Nothing at all                                                                             A large amount 
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5. How clear-headed do you feel?  

 

 

        0          100  

 

    Not at all                                                                                 Extremely 

 

6. How satisfied do you feel?  

 

 

        0          100  

 

    Not at all                                                                                 Extremely 

 

7. How stressed do you feel? 

 

 

        0          100  

 

    Not at all                                                                                 Extremely 

 

8. How full do you feel? 

 

 

        0          100  

 

    Not at all                                                                                 Extremely 
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9. How energetic do you feel?  

 

 

        0          100  

 

    Not at all                                                                                 Extremely 

 

10. How strong is your desire to eat? 

 

 

 

        0          100  

 

Very weak Very strong 

 

11. How bored do you feel? 

 

 

        0          100  

 

    Not at all                                                                                 Extremely 
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The Positive and Negative Affect Schedule (PANAS) Questionnaire 

This scale consists of a number of words that describe different feelings and emotions. Read 

each item and then list the number from the scale below next to each word. Please answer these 

questions honestly and to the best of your ability and note that completion of the questionnaire is 

voluntary and you can choose not to answer any of the questions if you wish. Indicate to what 

extent you feel this way right now, that is, at the present moment OR indicate the extent 

you have felt this way over the past week (circle the instructions you followed when 

taking this measure).  

1. Very slightly or not at all 

2. A little 

3. Moderately 

4. Quite a bit 

5. Extremely  

 

 

_____________ 1. Interested     _____________ 11. Irritable 

_____________ 2. Distressed    _____________ 12. Alert 

_____________ 3. Excited     _____________ 13. Ashamed 

_____________ 4. Upset    _____________ 14. Inspired 

_____________ 5. Strong    _____________ 15. Nervous  

_____________ 6. Guilty    _____________ 16. Determined 

_____________ 7. Scared    _____________ 17. Attentive 

_____________ 8. Hostile    _____________ 18. Jittery 

_____________ 9. Enthusiastic   _____________ 19. Active  

_____________ 10. Proud     _____________ 20. Afraid  
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