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ABSTRACT 

 
BACKGROUND: Older adults are living longer and this may place an 

increased economic burden on the healthcare system in terms of chronic 

disease management. A healthy diet and optimal nutritional status should be 

encouraged, as this may prevent or improve many age-related diseases and 

conditions. However, there are a number of factors which may affect dietary 

intake. Oral health status may be an important factor influencing diet in terms 

of food choice and eating behaviour. This is because older adults with tooth 

loss may experience reduced masticatory function and chewing ability, which 

can lead to the avoidance of foods difficult to eat. If nutritional intake is 

inadequate or excessive this can contribute to suboptimal nutritional status and 

may lead to malnutrition, encompassing both under and overnutrition. The 

current full nutritional assessment in the United Kingdom (UK) is a rather 

complex and invasive process, involving the collection of a blood sample to 

assess nutritional state and inflammation. There is a need within the healthcare 

system for a non-invasive, timely and cost-effective method to provide a 

biological sample which could help assess nutritional status and support 

traditional dietary assessment methods. This is where saliva has been 

suggested as a potential biological fluid that may be used to assess nutritional 

status and/or dietary intake. 

 

AIMS: The aims of this thesis were to firstly explore the utility of saliva as a 

biological matrix in the measurement of biomarkers of nutritional status and/or 

dietary intake. The second aim was to explore the relationship between weight 

change and inflammatory salivary biomarkers. The third aim was to investigate 

the associations between oral health status, diet, nutritional status and health 

outcomes. 

 

METHODS: The aims were achieved by addressing five objectives. This 

involved: 1) Systematically review existing studies in participants of all ages 

which had nutrient(s) measured in whole saliva and/or gland specific or 

glandular saliva, in relation to a nutritional status and/or dietary intake 

outcome, 2) Exploring whether kits developed for serum could be used to 
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measure levels of the same nutritional biomarkers in saliva samples in a 

Northern Irish population, 3) Exploring the effect of weight change on 

inflammatory salivary biomarkers in Northern Irish adults participating in a 

community-based health programme, 4) Investigating whether oral health 

status, defined as the number of natural teeth and subsequent prosthodontic 

rehabilitation, was associated with dietary intake and diet quality in older men, 

after an average time period of 13 years in the PRIME study, and 5) Exploring 

associations between oral health status, dietary patterns, body composition, 

frailty and health outcomes in a cross-sectional pilot study of Northern Irish 

older adults. 

 

RESULTS: The systematic review on existing nutritional salivary biomarkers, 

found that a number of potential salivary biomarkers were identified primarily 

in whole saliva collected from different age groups. The strongest evidence, 

although still inconclusive and inconsistent in terms of the direction of the 

biomarker change in relation to nutritional status, suggested that total protein, 

albumin, glucose, iron, prealbumin, ferritin and total antioxidant status (TAS) 

may be potential salivary biomarkers of nutritional status and/or dietary intake 

(Chapter 2). Total protein, albumin, glucose and iron were explored in saliva 

samples collected from four different studies. The exploratory analysis found 

that the use of the serum-based kits were not appropriate with the nutritional 

salivary biomarkers chosen, due to low levels in samples and the high saliva 

inter- and intra-assay coefficient of variations (CVs) indicating the assays had 

poor reproducibility (Chapter 3). Different saliva samples, collected in adults, 

were then tested for inflammatory salivary biomarkers using a customised 

magnetic Luminex assay. This exploratory analysis found some significant 

correlations between weight change and changes in inflammatory salivary 

biomarkers, but they were not consistent across time points and did not remain 

statistically significant after adjusting for age and gender (Chapter 4). The 

secondary data analysis of the PRIME study found that having 21 or more 

natural teeth remaining positively affected future dietary intake of fruit, 

vegetables, and nuts, and higher diet quality scores including: Mediterranean 

Diet Score (MDS) and Dietary Diversity Score (DDS), compared to older men 

with severe tooth loss (i.e. 1-20 teeth or edentate) (Chapter 5). Prosthodontic 
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rehabilitation was suggested to be beneficial for dietary intake and diet quality, 

especially, in those with at least 21 or more natural remaining teeth (Chapter 

5). However, in an exploratory pilot cross-sectional study, no significant 

association was found between oral health status and MDS in older adults 

(Chapter 6). The study found that total bone mass, fat free mass and lean 

muscle, significantly differed according to oral health status (Chapter 6). 

CONCLUSIONS: A number of potential nutritional salivary biomarkers have 

been measured in saliva, but the evidence has proved conflicting, inconsistent 

and weak, due to many of the studies being of poor/fair quality. The utility of 

saliva in the measurement of nutritional biomarkers was limited by the current 

methodology available. To advance this area of saliva research, the 

development of specific saliva-based kits are required to detect nutritional 

biomarkers. No significant correlations were found between changes in weight 

and inflammatory salivary biomarkers, after adjustment for age and gender. 

Oral health status was associated with future dietary intake and diet quality in 

older adults in the PRIME study. 
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1.1 AGEING POPULATION 

Globally, in both low and high income countries, the number of older adults 

aged 65 years and over was 703 million in 2019, but this is projected to double 

to 1.5 billion in 2050 [1]. This age group is increasing more so than any other 

age group, as by 2050 it is projected that the number of older adults will be 

more than double those aged under five years old [2]. Globally, life expectancy 

from birth in 2019 was 72.6 years as shown in Figure 1.1 [2]. Globally, life 

expectancy at age 65 is projected to be an additional 20 years in females and 

18 years in males by 2045-2050 [2]. Within the UK, the number of older adults 

aged 65 years and over accounts for 18% of the population and this is 

projected to increase to 24.7% of the population by 2046 [3]. 

 

Figure 1.1 Estimated and projected life expectancy at birth according to different regions worldwide, 

1950-2100 [2] 

 

The increase in the proportion of older adults in high income countries is 

thought to be due to increased life expectancy and lower immigration rates 

[4,5]. In low income countries, the proportion of older adults may be affected 

by reduced mortality rates due to improvements in health facilities [4]. As the 

population ages, there is a growing economic burden placed on the healthcare 

system in terms of chronic disease management [6]. This is because older 

adults tend to experience co-morbidities, and subsequently, have a greater 

need for health and social care services, with 70% of the total budget spent on 

those with long-term conditions [7]. 
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1.1.1 The importance of nutrition in ageing 

One of the key determinants of health in all age groups is good quality nutrition 

[8]. As the population ages maintaining good quality nutrition can be a 

challenge as chronic disease, functional impairment [9], and physical inability 

[10] can have negative impacts. Particularly for older people, who are at risk 

of multiple co-morbidities, a healthy diet and good nutritional status, can have 

tangible benefits and even prevent or improve many age-related diseases and 

conditions [11,12]. Therefore, it is important that optimal nutritional intake is 

encouraged amongst older adults [12]. 

 
1.1.2 Factors affecting nutrition in an ageing population 

There are, however, a number of factors that can affect dietary intake and diet 

quality amongst community-dwelling older adults, as shown in Figure 1.2 [13]. 

This may include: historical influences, retirement & bereavement, age-related 

conditions (i.e. physical health and mobility), food environment (i.e. easy 

access to food), psychological & personal factors, social engagement and 

food-related habits [13]. For example, the ageing process may be associated 

with negative changes that can lead to a decreased appetite and food intake, 

and therefore, a lack of vital nutrients [14]. Recent research has shown that 

older adults living on their own may affect food acquisition, preparation and 

consumption [15]. In particular, oral health status may also be an important 

factor influencing diet, as it may affect food choice and eating behaviour [16– 

18]. If older adults oral health status is impaired, this may affect their chewing 

ability and may lead to the avoidance of hard foods perceived as difficult to eat 

[18]. This may, subsequently, negatively affect dietary intake and nutritional 

status. 
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Figure 1.2 Hypothetical model of the impact on diet quality of potential themes identified in thematic 

analysis *Double ended arrows indicate dynamic and bidirectional relationship 

 

1.2 ORAL HEALTH STATUS OF THE AGEING POPULATION 

1.2.1 Oral health status definitions 

Traditionally, oral health status has been defined as the absence of disease, 

but this definition fails to account for the multiple factors that can contribute to 

oral health. It was redefined by the World Dental Federation in order to have 

one universally accepted definition, which incorporates the multifaceted nature 

of oral health [19]. This definition suggests that oral health consists of three 

key elements, as shown in Figure 1.3: physiological function (ability to perform 

certain actions including chewing and swallowing), psychosocial function (the 

relationship between oral health and mental state including ability to interact in 

social situations) and disease and condition state (severity or level of disease 

progression, pain or discomfort) [19]. Driving determinants include factors that 

can affect oral health, such as health behaviours (i.e. diet, smoking), access 

to care, physical and social environment [19]. In addition to this, moderating 

factors include: age, culture or income which may play a role in oral health, as 

this takes into consideration factors that can affect how a person rates their 

oral health [19]. These factors all contribute to overall health and well-being. 
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Figure 1.3 Oral health definition framework [19] 

 
Good oral health can be indicated using a composite measure which combines 

a number of factors together, for example the presence and number of natural 

teeth remaining and periodontal health [20]. It is recognised that excellent oral 

health consists of five key criteria, which includes retaining a functional 

dentition of natural teeth [20]. The cut-off of at least 21 teeth has been 

proposed as the minimum number above which chewing ability should not be 

affected [20]. Other criteria includes: 18 or more sound and untreated teeth 

and roots, no decay at any site, no periodontal pockets of 4mm or more and no 

loss of attachment of 4mm or more and no bleeding or calculus [20]. 

According to the Glossary of Prosthodontic Terms, being dentate is defined as 

having teeth present in the mouth (at least one) and edentate as being without 

teeth [21]. Therefore, an individual may be fully dentate if they have all their 

natural teeth or partially dentate if they have some natural teeth and some 

missing teeth [20]. For those with teeth missing, prosthodontic rehabilitation 

may be necessary, and this is defined as the replacement of natural missing 

teeth by artificial substitutes [21]. There are different types of dentures that can 

be provided including: complete or partial removable dentures or dental 

implants where artificial replacement teeth are attached [21]. A recent 

systematic review in edentulous older adults concluded that dental implants 

could be recommended as an option to improve oral health function and quality 
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of life [22]. In this thesis, however, the focus will be on the use of complete or 

partial removable dentures, due to the available data in the PRIME study. 

1.2.2 Oral health status statistics 

 
The UK Adult Dental Health Survey is a ten year rolling assessment which 

began in 1968. Changes in older adults’ oral health have been observed 

between 1978 and 2009 in the UK, specifically a decline in the level of 

edentulism and increased tooth retention, which has led to a partially dentate 

older adult population [20]. Results for the UK include England, Wales and 

Northern Ireland (NI). Figure 1.4 demonstrates the levels of natural tooth 

retention over time (1978-2009) in England, while Table 1.1 presents the 

results for 2009. In England, the number of edentate individuals aged 65-74 

years reduced from 78% in 1978 to 15% in 2009 and to 33% in 75+ years old 

[20]. Those aged over 55 years old with 21 or more natural teeth, increased 

from 30% in 1978 to 63% in 2009 [20]. The mean number of teeth also 

increased, from 16.0 in 1978 to 21.2 in 2009 [20]. Specifically in NI, the number 

of edentate older adults aged 65-74 years reduced from 67% in 1978 to 17% 

in 2009 and to 50% in 75+ years old [23]. It is very encouraging that half of 75+ 

year olds in NI have retained some natural teeth. 

 

Figure 1.4 Percentage of edentate individuals according to age between 1978 and 2009 in England 

[20] 
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Table 1.1 Frequencies (%) of dentate and edentate male and female older 

adults in England and NI according to age in the Adult Dental Health 

Survey (2009) 

 

Age groups (years) 

  65-74  75-84  85+ 

 All Male Female All Male Female All Male Female 

England          

Dentate 85 84 85 70 73 67 53 72 45 

Edentate 15 16 15 30 27 33 47 28 55 

  65-74  75+    

NI          

Dentate 83 - - 50 - - - - - 

Edentate 17 - - 50 - - - - - 

Frequencies are presented in the table as percentages – data not available for gender according to the 

age groups 

 

 
There have been improvements over time in England, in terms of the number 

retaining 21 or more natural teeth as shown in Figure 1.5. Those aged 55+ 

years old with 21 or more natural teeth has increased from 30% in 1978 to 63% 

in 2009, with 16.0 and 21.2 being the mean number of teeth, respectively [20]. 

Similarly in NI, the mean number of teeth increased from 14.7 in 1978 to 

20.1 in 2009 amongst those aged 55+ years old [23]. 
 

Figure 1.5 Trends in the percentage of adults with 21 or more natural teeth according to age in 

England: 1978-2009 
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Table 1.2 breaks down the age groups further according to the average 

number of natural teeth remaining in 2009. In the UK, the mean number of 

natural teeth was highest in those aged 65-74 years old (20.9), with 61% 

having 21 or more natural teeth remaining [20]. It is clear that the number of 

teeth was negatively associated with increasing age, with 16-24 year olds 

mean number of teeth being 28.6 compared to 14.0 in 85+ year olds [20]. 

Table 1.2 Mean number of teeth and frequencies (%) within teeth 

categories in older adults in the UK Adult Dental Health Survey (2009) 

 

Age group (years) 

 65-74 75-84 85+ 

Mean no. of teeth* 20.9 17.1 14.0 

Categories of teeth    

1-20 teeth (%) 38.0 51.0 75.0 

21-32 teeth (%) 61.0 40.0 26.0 

*Mean is presented in the table (SD not available) 

 

 
Findings proved similar to the dental results in the UK National Diet and 

Nutrition Survey (NDNS) 2014/15 – 2015/16. It found that 12% of older adults 

aged between 65-74 years and 32% of 75+ years old were classified as 

edentate [24]. The majority of edentate older adults had dentures (96%) and 

amongst those who were partially dentate over a third had dentures (36%) [24]. 

The use of dentures by older adults was not specified in the results of the UK 

Adult Dental Health survey. In the NDNS, dental health was assessed in a 

smaller sample size (n=~1000), compared to the larger sample size in the UK 

Adult Dental Health Survey (n=6469 dentate). The assessment of dental health 

in the NDNS was self-reported by participants, whereas in the UK Adult Dental 

Health survey a dentist carried out a short dental check-up in the participants 

home, and specifically focused on criteria for excellent oral health (i.e. number 

of teeth) [20]. However, improvements in oral health has not been universal, 

as only 1% of 65-74 year olds are considered to have excellent oral health [20]. 

This suggests that there is more work to be done to ensure overall oral health 

status meets the best possible standards [20]. 
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1.3 DIETARY INTAKE AND DIET QUALITY OF THE AGEING POPULATION 

1.3.1 Dietary intake 

Dietary intake is often suboptimal amongst older adults, as the majority of 65- 

74 year olds and 75+ year olds are not meeting various dietary guidelines, 

according to the NDNS from 2014/15 – 2015/16 (Table 1.3) [24]. The mean 

number of portions of fruit and vegetables consumed per day was 4.3 in 65-74 

year olds, with only 31% of men and 32% of women aged 65-74 years old, and 

18% of men and 20% of women aged 75+ years old achieving the 5-a-day 

guideline [24]. The intake of oily fish was below the guideline of 20g/day, as 

the mean intake was 17g for men and 12g for women aged 65-74 years old, 

and 12g for men and 8g for women aged 75+ years old. Only women aged 75+ 

years old had an intake of sugar sweetened beverages (23g/day) below the 

dietary guideline (<30g/day). 

 
The intake of red meat was below the recommended intake of one portion 

(70g) per day in all age groups, with the exception of men aged 65-74 years 

old. The mean daily energy intake was below the estimated average 

requirement in both age groups. Regarding macronutrients, the mean intake 

of total fat was above the recommended intake in men and women aged 75+ 

years old, while saturated fat intake and free sugars intake were above the 

recommended intakes by all older age groups. The mean intake of fibre was 

below the guidelines for all older age groups. The mean daily intakes of the 

majority of vitamins and minerals were close to or above the reference nutrient 

intake (RNI) for all older age groups. However, the mean intakes of vitamin D, 

magnesium, potassium and selenium were below the RNI in all older age 

groups [24]. 
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Table 1.3 UK dietary recommendations for older adults compared to their 

average daily intakes of food groups, macronutrients and micronutrients 

intake in the 2014/2015-2015/2016 NDNS 

UK 
Recommendations 

UK older adults 

65-74 years 

UK older adults 

75+ years 

 Men Women Men Women Men Women 

Food Groups       

Fruit and 
vegetables 
portions/per day 
(% achieving 5 A 
DAY) 

5-a-day (400g) 4.3 
(~31%) 

4.3 
(~32%) 

3.8 
(~18%) 

3.2 
(~20%) 

Oily Fish 

(g/week) 

140 

(at least one portion 
per week ~20g/day) 

17 12 12 8 

Red and 
processed meat 
(g/day) 

<70  73 54 66 43 

Sugar- 
sweetened soft 
drinks (g/day) 

<30  41 51 43 23 

Daily total energy intake 

Energy (kcal) 65- 
74 years 

2342 1912 1940 1483 - - 

Energy (kcal) 
75+ years 

2294 1840 - - 1824 1344 

Macronutrients       

Free sugars (% 
total energy) 

≤5%  11.8% 10.4% 12.5% 10.4% 

Fibre (g/day) 30  19.5 17.4 18.3 15.1 

Trans fatty acids 
(% of food 
energy) 

≤2%  0.5% 0.6% 0.6% 0.7% 

Total fat (of food 
energy) 

<25% 33.7% 34.5% 36.4% 35.6% 

Saturated fat (of 
food energy) 

<11% 12.6% 13.5% 14.4% 14.8% 

Micronutrients *       

Vitamin D** 
(ug/d) 

10  39% 32% 33% 25% 
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Iron (mg/d) 8.7  0% 8% 2% 12% 

Calcium(mg/d) 700  0% 11% 4% 10% 

Potassium(mg/d) 3500  4% 22% 16% 34% 

Vitamin A(ug/d) 700 600 6% 7% 5% 10% 

Riboflavin(mg/d) 1.3 1.1 1% 7% 3% 13% 

Folate (ug/d) 200  0% 3% 3% 8% 

Magnesium 
(mg/d) 

300 270 6% 11% 22% 27% 

Iodine(ug/d) 140  2% 6% 4% 9% 

Selenium(ug/d) 75 60 34% 57% 39% 76% 

Zinc (mg/d) 9.5 7.0 5% 3% 8% 12% 

Nutrient recommendations from British Nutrition Foundation [25] and food-based group’s 

recommendations from NDNS [24] *Micronutrient intakes results are the percentage below the lower 

reference nutrient intakes (RNI) **Average daily vitamin D intake as a percentage below the RNI is only 

set for those aged 1.503 and 65+ years, future reports will use the new RNI set by SACN. 

 

1.3.2 Diet quality 

1.3.2.1 Dietary patterns 

The use of dietary pattern (DP) analysis has become a popular alternative and 

complementary approach to analysing single nutrients, to examine overall 

dietary intake and diet quality, and explore the relationship between diet and 

disease [26]. This is important as people do not consume single nutrients or 

foods, but rather a combination of foods [27]. Therefore, it is useful to 

investigate dietary patterns to take account of potential synergistic interaction 

effect of nutrients [28]. The effect of a single nutrient may not be large enough 

to produce significant associations [29]. There is also less chance of significant 

results due to chance as fewer statistical tests are conducted on DPs, 

compared to nutrients studied individually [29]. The use of DPs in public health 

promotion may be easier for the public to understand [30]. However, it is not 

clear if a certain dietary assessment method is required to accurately calculate 

a DP [29]. There is no consensus for a single definition for diet quality which 

has resulted in many different terminologies [31]. It is suggested that dietary 

quality indices may be used to determine adherence to dietary 

recommendations or specific dietary patterns such as the Mediterranean diet 

(MD) [26]. 
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1.3.2.1 Types of dietary pattern analysis 

There are two types of DP analysis that can be performed including: priori and 

posteriori [26]. A priori methods involve the use of dietary indices which are 

developed based on prior knowledge of a healthy diet [26]. However, this 

method is limited by current knowledge of the diet-disease relationship which 

can make it difficult to select individual score components [26]. Furthermore, 

there can be uncertainties in relation to the index construction process [32]. It 

is also recognised that food groups used to construct a DP contain healthy 

nutrients, but if consumed in excess may increase the risk of chronic diseases 

[32]. On the other hand, posteriori methods involve the use of factor analysis 

and cluster analysis, where eating patterns are determined using statistical 

modelling of dietary data [26]. This method does not rely on scientific evidence 

and, therefore, DPs may not necessarily indicate an optimal diet [26]. In this 

thesis, chapters 5 and 6 will use the priori method in the analysis of results. 

Further information is presented below in relation to a priori methods. 

 
1.3.2.2 Derivation of a priori dietary patterns 

The use of a priori methods, in terms of dietary indices, can be helpful for 

assessing overall diet quality, by quantifying and summing foods and/or 

nutrients together to give an overall score [27]. The simplest method for 

quantifying items as part of the index is the use of cut-offs, where a score of 

zero is given if consumption is below the value (or higher) and a score of one 

if consumption is higher than the value (or lower) depending on the food group 

[27,33]. These cut-offs can relate to dietary recommendations or the median 

score in the population, which will be presented later in this chapter. The total 

score can be ordered according to minimum and maximum score, which 

means that results can be compared across populations [34]. The components 

of a dietary quality index can consist of nutrients, food groups or a combination 

of both [33]. There are a number of dietary indices, but in general, the Diet 

Quality Index, Healthy Diet Indicator and MDS are three internationally 

recognised dietary indices with adapted versions [35]. In addition to this, the 

DDS also referred to as dietary variety score, can also be measured to assess 

dietary quality [27]. As, MDS and DDS focus on food group consumption, they 
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will be the focus of the diet quality analysis in chapters 5 and 6. Further 

information on the MDS and DDS are presented below. 

 
1.3.2.3 Mediterranean Diet 

The MD is a dietary pattern mainly consumed in areas within the 

Mediterranean region and is associated with a reduced risk of cardiovascular 

disease (CVD) [36]. It consists of a high intake of fish, olive oil, non-starchy 

vegetables, legumes, wholegrains (cereals), fruits, and nuts, as well as a lower 

intake of dairy products, red and processed meat and a moderate intake of 

wine [37]. However this definition can vary according to country and region 

[37]. It has been suggested that it is desirable for non-Mediterranean countries 

to adopt the MD [38]. The transferability of non-Mediterranean countries 

consuming a MD has recently been discussed and practical approaches are 

suggested to help encourage the consumption of the MD, for example, regular 

consumption of fresh fruit rather than a dessert [38]. It is important to address 

barriers to consuming a MD in non-Mediterranean populations such as, 

perceived difficulty living in a colder climate, perceived impact on body weight, 

cultural differences and MD acceptability [39]. To overcome these barriers it is 

important that the public are educated about the MD and understand that a 

tailored MD takes account of cultural eating patterns [39]. It is important to 

assess adherence to the MD to be able to compare findings between countries. 

To do this a number of dietary indices based on the MD have been developed 

to obtain an overall MDS. 

 
1.3.2.4 Mediterranean Diet Score 

Evidence from reviews have shown that a number of dietary indices have been 

developed based on the MD food groups [32,33]. For example, the first MDS 

was developed in 1995 and is made up of eight food groups (range 0-8), 

consisting of a low consumption of meat and meat products and dairy products, 

high consumption of legumes, cereals, fruits and nuts, vegetables and 

monounsaturated to saturated fat ratio, as well as a moderate level of ethanol 

(i.e. alcohol) [40]. A modified MDS was developed at a later stage to include 

fish consumption (range 0-9) [41]. A simplified version was then developed in 

2004 based on a nine item questionnaire [42]. An adapted version known as 
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the Mediterranean Diet Adherence Screener (MEDAS) was then developed, 

consisting of 12 items to assess food consumption frequency and two in 

relation to food intake habits (range 0-14) [43]. The MDS used in Chapters 5 

and 6 was based on this validated 14-item questionnaire used in the 

PREvención con Dieta MEDiterránea (PREDIMED) study [44]. This was 

adapted to ensure that the MD made sense for the NI population by not 

including unfamiliar foods, but at the same time including key elements of the 

MD. 

 
In this thesis, the components of the MD have been scored using two different 

cut-off methods, including the UK recommended dietary guidelines [MDS(R)] 

and median values within the study samples [MDS(M)]. The use of the median 

as a cut-off for the MDS ensures that half of the participants receive a positive 

score and half receive a negative score for each food component [27]. The 

median is also better for ranking individuals instead of measuring absolute 

intakes based on dietary guidelines [38]. However, the use of the median may 

not reflect a healthy intake of the food component and may differ between 

population samples [27]. Therefore, cut-offs based on dietary guidelines may 

better reflect whether or not participants have achieved guidelines. However, 

if the majority of food components are below the optimum cut-offs, there is no 

extra benefit to using the guideline cut-offs as it lacks power to determine those 

achieving guidelines [27]. With both advantages and disadvantages to the 

different MDS cut-offs, it was considered best to include both in the MDS 

analysis as it would provide a more complete picture of participant’s diet 

quality. 

 
1.3.3 Dietary diversity 

Dietary diversity is considered a proxy measure of adequate nutrient intake of 

individuals, but also a qualitative measure of household food consumption [45]. 

Dietary diversity is recognised as a key aspect of achieving a high quality diet 

[46]. The importance of dietary diversity relates to the variety of nutrients that 

can be provided from different food groups, and this is particularly important 

for older adults who are at risk of nutritional deficiencies [46]. 
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1.3.2.6 Derivation of the Dietary Diversity Score 

To assess dietary diversity, a DDS can be calculated in terms of the number 

of different food groups consumed by individuals or households over a given 

period of time [47]. The literature, however, does not have a clear consensus 

on the time range that should be used to obtain a DDS. It was suggested to 

range usually between one to three days, or it may extend to over seven days 

or even up to 15 days [47]. Evidence also found that the DDS was a useful 

proxy indicator of adequate nutrient intake in older adults from Sri Lanka [46]. 

The DDS was calculated over the previous 24 hour period, by summing the 

number of food groups consumed at least once per day by the participants 

[46]. 

 
Therefore, as previously mentioned, dietary intake and diet quality can be 

affected by various factors, but one of the important factors to consider is the 

relationship between diet and oral health status. 

 
1.4 IMPACT OF ORAL HEALTH STATUS ON NUTRITION 

1.4.1 Oral health status and dietary intake 

Oral health status has been recognised as one of the important factors 

influencing diet, in terms of food choice and eating behaviour [16,17]. Good 

oral health makes eating possible, enjoyable and can improve older adults’ 

quality of life [16]. Older adults with tooth loss may experience reduced 

masticatory function and chewing ability, which can lead to the avoidance of 

foods perceived as difficult to eat including: fruit, vegetables and nuts and, 

subsequently, suboptimal nutritional status [16]. The association between oral 

health status and dietary intake is not recent, as cross-sectional evidence in 

1999 found that the number of remaining teeth substantially affected the 

selection of foods eaten by older adults [48]. Older adults with a greater 

number of teeth, particularly 21 or more natural teeth, had a higher intake of 

most nutrients (e.g. fibre, intrinsic and milk sugars) and fresh fruit, compared 

to those with fewer teeth [49]. This suggests that an optimal nutritional intake 

should be achieved by those with 21 or more natural teeth compared to those 

with fewer teeth [49]. 
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Various systematic reviews have been conducted to investigate the 

relationship between number of teeth, denture use and edentulism with diet 

and/or nutritional status [50–53]. A recent systematic review of eight 

longitudinal studies revealed contradictory results in relation to tooth loss, 

dietary intake and nutritional status in community-dwelling older adults in 

Australia, United States (US), Brazil and Japan [53]. Four out of the five studies 

which focused on tooth loss and dietary intake, found that greater tooth loss 

may be associated with a reduced food intake of fruit and vegetables, reduced 

nutrient intake of dietary fibre, and increased cholesterol, but overall findings 

were inconclusive [53]. In the studies that focused on the effect of tooth loss 

on nutritional status, three out of four showed some significant associations 

but the results were contradictory, with edentulism being associated with both 

weight gain and weight loss [53]. In the quality assessment, seven of the 

studies were considered poor quality and one was fair quality [53]. 

 
Furthermore, another systematic review (n=26 studies) and meta-analysis 

(n=17 studies) investigated the relationship between nutritional status and 

either number of teeth, edentulism or use of prosthesis in those aged 60 years 

and over [52]. This review differed as it solely focused on the relationship with 

nutritional status and included 23 cross-sectional studies, one case-control, 

one cohort, and one clinical trial, compared to the previously discussed 

systematic review [53]. There were 18 studies which assessed nutritional 

status using the complete mini nutritional assessment (MNA), seven used the 

short form MNA (MNA-SF) and one study used the complete MNA if the MNA- 

SF indicated malnutrition [52]. To be included in the meta-analysis, studies had 

to use the MNA and have sufficient detail from an oral health examination [52]. 

The meta-analysis of the number of teeth and nutritional status (n=5) found 

that having a greater number of natural teeth was associated with a better 

nutritional status [52]. A low level of heterogeneity was observed in this 

analysis (I2 = 9.7%). The two separate meta-analyses for nutritional status and 

dental prosthesis (n=4) and risk of edentulism (n=8) found no significant 

differences between malnourished/at risk of malnutrition compared to 

nourished individuals [52]. A high level of heterogeneity was observed in the 

dental prosthesis meta-analysis (I2 = 78%) and a moderate level (I2 = 50%) in 
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the risk of edentulism meta-analysis. In the quality assessment, the case- 

control study scored 4/9 stars, cohort study 8/9 stars, and cross-sectional 

studies ranged between 2-7 out of 10 [52]. This review stated methodological 

limitations in terms of, heterogeneity between studies (i.e. different follow-up, 

oral health status indicators) which may have influenced the study findings 

[52]. 

 
Evidence from cross-sectional studies completed after the previously 

discussed systematic reviews, added further evidence in relation to denture 

use and edentulism [18,54,55]. However, these studies cannot suggest any 

cause and effect relationships. One study conducted in two Asian populations 

included, Chinese individuals aged 40+ years old (n=1587), and Vietnamese 

individuals aged 20+ years old (n=3073) [18]. They found that food avoidance 

was significantly associated with having less teeth and being edentulous [18]. 

Many of the older participants in particular avoided raw vegetables, apples and 

nuts, and so they may be at risk of malnutrition [18]. However, the risk of 

malnutrition was not investigated or the use of dentures [18]. Amongst older 

adults in care homes in Germany (n=87), a weak relationship was found 

between being edentulous and malnutrition after adjustment for other factors 

[55]. This finding suggests that being edentate may contribute to an increased 

risk of nutritional deficiencies and, subsequently, malnutrition [55]. 

Furthermore, the use of complete dentures in Finnish older adults (n=2241) 

aged 55-84 years old, mainly living in their own home, were found to have an 

unhealthier diet compared to dentate individuals, as they consumed 

significantly less fruit and vegetables and an increased consumption of sugary 

products [54]. This corresponds with the lower intake of vitamins including C 

and E, as well as less dietary fibre amongst those with complete dentures [54]. 

 
Overall the evidence from 2011 up to 2017 in systematic reviews have 

revealed that the results were inconsistent, and based on weak evidence which 

suggested there was no strong evidence regarding the effect of tooth loss on 

diet and nutrition [50,53]. Evidence was also inconclusive in relation the effect 

of dental prosthesis on dietary intake [51]. Recent studies since these 

systematic reviews have been cross-sectional and, therefore, further 
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high quality longitudinal studies are required in other countries to enhance the 

generalisability of the results and help inform policy and practice [50–53]. 

 
1.4.2 Oral health status and diet quality 

As yet, no systematic reviews or longitudinal studies have focused specifically 

on the relationship between diet quality and number of teeth and/or denture 

use. Evidence found that severe tooth loss has been associated with a lower 

overall diet quality in older adults and, subsequently, a greater number of teeth 

has been associated with a higher diet quality [56–61], while having 21 or more 

natural teeth did not contribute substantially to a higher diet quality in older 

adults in the US [62]. A significant association was only observed only in 

Japanese women [60]. It is thought that those with less teeth may have a 

compromised nutritional status, due to a less varied diet and poor diet quality. 

Inconsistency in findings may be due to the studies being conducted in 

different countries and the use of different diet quality indices. The majority of 

this evidence is derived from cross-sectional studies, therefore it is difficult to 

discern the temporal nature of the relationship between oral health and diet, 

and it is possible that poor diet quality leads to tooth loss. 

 
In relation to the use of dentures and diet quality, cross-sectional evidence 

found that dentures which fit correctly was associated with a greater dietary 

diversity and better diet quality [16], while the frequent removal of dentures 

[57] and the use of dentures which do not fit correctly [63] was associated with 

a lower diet quality perhaps due to the avoidance of a greater number of foods 

considered difficult to eat, such as fruit or vegetables [63]. Despite no 

assessment of denture use, edentate older adults who are likely to be wearing 

dentures, consumed less fruit and vegetables [62]. Other studies, found that 

diet quality was not related to complete denture quality and perceived chewing 

ability [64] or masticatory performance, as no difference in diet quality was 

observed between those with and without dentures [65]. However, the majority 

of participants had deficient diets regardless of denture quality [64]. This 

suggests that a combination of prosthodontic rehabilitation (i.e. dentures) with 

dietary guidance may be required to improve dietary intake and diet quality 

[66].  The  difference  in  results  may  be  due  to  the  various  sample sizes, 
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countries studied and the assessment of oral health status in terms of number 

of teeth and denture use. Overall, the literature in relation to diet quality is 

limited, inconclusive and heterogeneous so further research is required with 

good dietary assessment and assessment of number of teeth, denture use and 

satisfaction with denture quality where possible. 

 
Overall, no studies have investigated the association between oral health 

status in terms of number of teeth and subsequent prosthodontic rehabilitation, 

and future dietary intake and diet quality in an older population. 

 
1.4.3 Provision of dietary advice by dentists and dental professionals 

Guidance from National Institute for Health and Care Excellence (NICE) states 

that dentists and dental care professionals should provide patients with tailored 

advice on common behaviours that can not only affect oral health, but also 

general health conditions including: diet, smoking, smokeless tobacco and 

alcohol intake, during their dental examination [67]. This is because it is 

important to utilise every patient contact, and the dental practice can offer an 

opportunistic setting to do this [68,69]. 

 
Limited evidence exists in relation to the provision of dietary advice by dentists 

and dental professionals. A review in relation to this revealed that dietary 

advice is often overlooked, rarely provided and, when given it can vary and 

often be brief [70]. This corresponds to findings in the UK Adult Dental Health 

Survey which found that only 36% of participants were asked about their diet 

by the dentist [71]. The lack of dietary advice may be due to a number of 

reasons, with a main reason being that dental professionals are not taught or 

qualified to provide dietary information [67]. Therefore, it may be necessary to 

review the content of the dental curriculum and ensure that dental practitioners 

have at least some awareness and training to deliver basic dietary advice [70]. 

There are also constraints in terms of time, costs and competence of staff, 

dentists view on the importance of nutrition and the perceived importance of 

nutrition to patients [70]. A cross-sectional study in Japan, not included in this 

review, found that the provision of dietary advice was important to dentists in 

relation to the prevention of dental caries, but only 48.0% provide dietary 
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advice to some patients [72]. As random sampling was not used, selection bias 

may be prevalent in terms of the dentists interviewed [72]. 

 
A randomised controlled trial (RCT) in UK adults and older adults (45-80 years 

old), found that the provision of dietary advice in the dental setting to an 

intervention group by nutritionists and replacement dentures by dentists, 

significantly increased fruit and vegetable consumption compared to the 

control group who received standard dental care and dentures [73]. Results 

proved similar in a recent RCT in Japanese edentate older adults, where 

simple dietary advice provided by dentists using a leaflet and complete denture 

fabrication, was associated with an improved nutrient intake compared to those 

receiving only denture care advice [74]. However, the findings may not be 

generalizable to older adults in care homes [74]. The results may differ in other 

dental practices, depending on the clinical experience of the prosthodontists 

[74]. Therefore, the provision of simple dietary advice using a leaflet appears 

feasible by dentists, however nutritionists may be able to work in cooperation 

with dentists to provide some dietary advice in the dental setting and help 

improve nutritional status [74]. 

 
1.5 NUTRITIONAL STATUS 

1.5.1 Nutritional status definition 

Oral health status may influence dietary intake and, subsequently, this may 

affect an individual’s nutritional status. A systematic review evaluated 

nutritional status amongst older adults and found that there is no single 

definition [75]. It is suggested, however, that nutritional status generally refers 

to the current body status of a person or specific population group in relation 

to their food intake, absorption and utilisation of nutrients [75]. Ideal nutritional 

status occurs when nutritional intake meets nutritional recommendations. If this 

balance is not achieved, it may lead to nutritional deficiencies. However, as 

many nutritional deficiencies have non-specific symptoms it makes them 

difficult to identify and typically only occur once a deficiency is severe [76]. 
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1.5.2 Consequences of poor nutritional status 

Inadequate or excessive nutritional intake can contribute to individuals having 

a poor nutritional status [77]. This may lead to malnutrition which is defined as 

having a deficiency, excess or imbalance of energy, protein and other nutrients 

which may lead to adverse health effects [78]. Malnutrition is considered one 

of the greatest global health challenges [79]. This may be because the term 

encompasses both under- and over-nutrition, but in older adults it usually 

refers to undernutrition, as it is considered the most important nutritional 

disorder amongst older adults [52]. Therefore, malnutrition is suggested to be 

a cause but also a consequence of ill-health [10]. There are three different 

types of malnutrition including: undernutrition, micronutrient-related 

malnutrition, and overweight, obesity and diet-related noncomunicable 

diseases [79]. 

1.5.3 Types of malnutrition 

 
1.5.3.1 Undernutrition 

 
Wasting, stunting, underweight and deficiencies in vitamins and minerals are 

four sub-types of undernutrition [79]. Wasting indicates severe and recent 

weight loss, and individuals tend to have a low weight-for-height [79]. This may 

also include protein-energy malnutrition (PEM) which applies to three related 

disorders including: marasmus, kwashiorkor (KWO), and intermediate states 

of marasmus-kwashiorkor that can be associated with weight loss. Stunting 

occurs due to recurrent undernutrition from poor socio-economic conditions 

and individuals tend to have a low height-for-age [79]. Anyone who is 

underweight tends to have a low weight-for-age [79]. 

1.5.3.2 Micronutrient-related malnutrition 

 
This type of malnutrition is related to an inadequate intake of vitamins and 

minerals, in particular deficiencies in iodine, vitamin A and iron can be a major 

threat to global public health [79]. This can lead to various health conditions. 

For example, a lack of dietary iron may be linked to nutrient deficiency anaemia 

which accounts for a third of anaemia cases, while iron-deficiency anaemia 

(IDA) accounts for two-thirds [80]. It is, therefore, said to be the most prevalent 

micronutrient deficiency worldwide [81]. In addition to this, a deficiency of 
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vitamin D, calcium and other nutrients may be problematic considering they 

may play a role in the prevention of osteoporosis [82]. 

 
1.5.3.3 Overweight, obesity and diet-related non-communicable diseases 

Being overweight or obese is the excessive accumulation of fat due to an 

imbalance between energy consumed and energy expended [79]. Body mass 

index (BMI) is an index of weight-for-height and is often used to classify 

someone as overweight when their BMI ≥25kg/m2 and obese when their BMI 

≥30kg/m2 [79]. Therefore, an unhealthy diet and poor nutrition is one of the top 

risk factors associated with an increased risk of diet-related non-communicable 

diseases including: CVD, hypertension, type 2 diabetes (T2D) and certain 

cancers [79]. It is, therefore, important that older obese adults lose weight. 

However, a systematic review of 10 RCTs, found that treatment approaches 

are controversial, as weight loss in older adults may exacerbate the loss of 

age-related skeletal muscle and bone mass, there can be difficulty changing 

behaviours during older age, and issues surrounding the feasibility of 

maintaining weight loss in the long-term [83]. 

 
1.5.4 Malnutrition statistics 

Globally in 2014, 462 million adults were underweight, and 1.9 billion were 

overweight or obese [79]. Obesity is a major public health concern, with two- 

thirds of the UK population being classified as overweight or obese [84]. It has 

been projected that in the UK by 2050, 60% of males and 50% of females will 

be obese [85]. In England, the Health Survey (2017) indicated that 35.6% are 

overweight and a further 28.7% of adults are obese [86]. In those aged 65-74 

years old, 33% obese, 43% overweight and 24% normal weight and these 

findings were similar in those over 75 years old [86]. 

In the UK, over one million older adults are undernourished or at risk of 

undernutrition, which equates to one in ten older adults [78]. However, this may 

be under-estimated due to the use of different screening tools [87], screening 

delays [88] and often missing those who are undernourished living in the 

community [89]. Therefore, undernutrition remains under-detected, under-

treated, under-resourced and often disregarded by medical practitioners 



23  

[90]. It is important that nutritional deficiencies are detected early, easily and 

quickly to ensure that nutritional support is not delayed. 

1.5.5 Consequences of malnutrition 

 
Malnutrition (i.e. undernutriton) is associated with a delayed recovery from 

illness and, subsequently, longer hospital stays and treatment costs, which can 

have an impact on the health services [91]. Therefore, malnutrition can lead to 

complications as it can have different effects on the function and recovery of 

all organ systems including: cardio-respiratory, gastrointestinal, immune 

functions, and also psychosocial effects such as, depression and self-neglect 

[92]. This can result in an increased rate of morbidity and mortality due to the 

various health consequences discussed below [92]. 

1.5.5.1 Muscle function 

 
Inadequate dietary intake over time may mean that the body using up reserves 

stored in muscles, adipose tissue and bone, and this may affect body 

composition [92]. This can also be linked to sarcopenia, defined as an age- 

related involuntarily loss of skeletal muscle mass and strength, which may 

occur due to inadequate protein and calorie intake [93]. 

1.5.5.2 Cardio-respiratory function 

 
Malnourished individuals tend to have a reduced amount of cardiac muscle 

mass and, subsequently, this reduced cardiac output may affect renal function 

by decreasing glomerular filtration rate [92]. Poor respiratory muscle function 

may also result in longer recovery times from respiratory tract infections [92]. 

1.5.5.3 Gastrointestinal function 

 
It is recognised that chronic malnutrition can affect the gastrointestinal 

function, due to changes in intestinal permeability and blood flow which can 

lead to a reduced reabsorption of water and electrolytes from the colon [92]. 

1.5.5.4 Immunity and would healing 

 
Being malnourished can negatively affect cell-mediated immunity and increase 

the risk of infection in these individuals, while it may take longer for wounds to 

heal [92]. 
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1.5.5.5 Psychosocial effects 

 
In addition to the physical consequences of malnutrition, psychosocial issues 

may also occur including: feelings of depression, being anxious, self-neglect 

and a lack of interest in general wellbeing [92]. 

 
1.5.6 Nutritional frailty 

With increasing age, individuals are at an increased risk of nutritional frailty, 

which is defined as sudden weight loss and loss of muscle mass and strength 

[94]. However, there is currently no consensus on a conceptual or operational 

definition [95]. Therefore, frailty is suggested to be characterized by the 

inability to respond to stress and preserve homeostasis [9]. Subsequently, it is 

considered an important clinically identifiable state that can result in an 

increased vulnerability to adverse outcomes, due to the decline in reserve and 

functions in multiple physiological systems [96]. It has been estimated that 

17.4% of community-dwelling older adults are either frail or prefrail amongst 

upper-middle income countries [95]. However, frailty levels can range between 

4-59%, which may be due to differences in the population and the use of 

different measures to assess frailty [97]. Low appetite or inadequate dietary 

intake may increase the risk of malnutrition in older adults, and, subsequently, 

contribute to frailty [94]. It is important to encourage the consumption of 

nutrient dense foods, and limit energy-dense foods amongst older adults [94]. 

Therefore, it has been established that an overlap exists between malnutrition 

and frailty, in terms of both experiencing an unbalanced diet, changes in body 

composition and diminished physical function [98]. Body composition has also 

been suggested to be a frailty marker in older adults, in terms of having lower 

muscle and bone mass alongside a higher body fat percentage [99]. 

The presence of frailty is dynamic and transitional as it can move between 

being frail, prefrail and non-frail [95]. This indicates that there is potential to 

intervene to improve frailty status in older adults. The problem is that there is 

no agreement on how frailty should be assessed [98]. A systematic review 

identified 51 instruments used to detect frailty, however the most commonly 

used is the frailty phenotype and frailty index using a cumulative deficit model 
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[100]. The use of a standardised instrument is required to be able to compare 

results across countries [100]. Recently, an electronic frailty index was 

developed and externally validated in the UK, where frailty was identified as 

mild, moderate and severe in older adults using routinely collected primary 

healthcare data [101]. The use of this index may improve health outcomes in 

this vulnerable group and planning of health services [101]. Further information 

is presented on frailty in Chapter 6. 

 
1.5.7 Nutritional status screening 

A review evaluated screening tools and stated that there was no gold standard 

for assessing nutritional status, and no uniformity in parameters assessed, 

which makes it difficult to have a universally validated tool [75]. Different 

methods are used for nutritional screening, while a full nutritional assessment 

is used to gather more information on the individual’s condition. Therefore, it is 

vital that any nutritional issues are identified as early as possible, in order to 

help prevent various diet-related noncomunicable diseases (e.g. malnutrition, 

T2D, IDA, frailty). Nutritional screening is an initial rapid assessment to identify 

individuals who may be at nutritional risk and this can be carried out by any 

healthcare professional [102]. In the UK, malnutrition is screened for using 

reliable, validated screening tools, such as the Malnutrition Universal 

Screening Tool (MUST) used by the National Health Service (NHS) [103]. 

Another tool is the MNA which is suggested to be of use in older adults [104]. 

The MNA-SF has also been developed and was found to correlate with the 

overall MNA score and is of use in older adults in the community and hospital 

settings [105,106]. Those assessed to have inadequate nutritional intake will 

initially receive dietary advice known as the food first approach, if this is 

inappropriate then oral nutritional supplements may be considered [103]. If this 

option fails then referral for more expert advice in a full nutritional assessment 

(i.e. dietician) may be necessary [103]. This is due to the lack of detailed 

information from screening tools, as they are not designed to detect 

deficiencies or excessive intake of vitamins or minerals, but rather detect under 

or over nutrition [102]. It is important to maintain results of nutritional screening 

and assessments along with action plans and review the care pathways 

regularly [103]. 
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1.5.8 Nutritional status assessment 

 
Traditionally, a full nutritional assessment may be conducted following 

nutritional screening, as this allows further detailed information to be collected 

and interpreted in a systematic way to help assess nutrition-related health 

issues [102]. Currently, in the UK a full nutritional assessment is a rather 

complex and invasive process, which involves the consideration of an 

individual’s body composition using anthropometric measurements (e.g. 

weight, height, BMI), biochemistry analysis (i.e. blood tests for biomarkers of 

dietary intake), assessment of clinical disease state, and assessment of 

environment in primary care and hospital settings [102]. Dietary intake is also 

assessed to estimate daily dietary intake and overall nutritional status [102]. 

This often involves asking patients or their carer’s questions about their daily 

dietary intake to gain a better understanding of their portion sizes, cooking 

methods and types of items consumed [102]. Therefore, assessing nutritional 

status in clinical practice is complex, but necessary to identify malnutrition or 

malnutrition risk [75], and vital for the prevention or maintenance of various 

diseases [10]. Further detail is presented on the key aspects of the current full 

nutritional status assessment. 

 
1.5.8.1 Anthropometry 

The objective assessment using anthropometric measurements is necessary 

to assess body composition, including weight and percentage weight change, 

BMI, mid-upper arm circumference, mid-arm muscle circumference and skin- 

fold thickness [102]. However, individuals of the same age, height and weight 

can have different body shapes and body composition [107]. For example, 

amongst older adults, lean muscle mass tends to decrease while fat mass 

increases, which can lead to a reduced muscle strength and physical function 

[107]. Therefore, other objective body composition methods may be useful in 

investigations of malnutrition, as they may indicate the location and/or amount 

of body fat, and a number of methods can be employed [107]. For example, 

bio-impedance and quantitative magnetic resonance both measure total body 

water to estimate fat-free mass [107]. Magnetic resonance imaging, positron 

emission tomography scan, air displacement plethysmography and dual 
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energy X-ray absorptiometry (DXA) can also be used to assess body 

composition [107]. A DXA scan provides a whole-body scan to indicate fat 

mass, lean muscle mass, bone mass, fat-free mass and visceral adipose 

tissue (VAT) [107]. A more detailed description of DXA is provided in Chapter 

6, as this method was used to assess body composition of older adults in a 

pilot cross-sectional study. 

1.5.8.2 Clinical assessment 

 
The clinical disease state of individuals is also assessed, as this may increase 

their risk of being malnourished due to increased energy requirements, 

increased nutritional losses or reduced energy intake [102]. For example, 

cancer, gastrointestinal disorders or neurological conditions may be diseases 

present in the individual [102]. However, subjective assessment may occur due 

to the clinician’s knowledge of similar symptoms experienced by other patients 

[108]. 

1.5.8.3 Environment 

 
It is also important to consider the individuals social and physical 

environmental factors, which may affect their ability to shop and prepare 

meals, as well as their appetite, and taste preferences [102]. 

1.5.8.4 Dietary intake 

 
1.5.8.4.1 Self-reported methods 

 
A recent review of dietary assessment methods stated that a number of self- 

reported methods can be used in epidemiological studies to monitor what 

individuals are consuming [109]. Methods are shown in Table 1.4 alongside 

their strengths and limitations [109,110]. The food frequency questionnaire 

(FFQ), dietary record (i.e. food diary), dietary history and 24-hour dietary recall, 

are all subjective measures of dietary intake [110,111]. Those which involve 

recalling dietary intake are subject to recall bias and food composition 

databases used to determine energy and nutrient intakes need to be accurate 

or else this may limit the validity of generated information [109]. In this thesis, 

a FFQ is used in Chapter 5 and a four-day food diary is used in Chapter 6. 
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Table 1.4 Strengths and limitations of dietary assessment methods in 

epidemiological studies [110] 

 

 Strengths Limitations 

Food frequency 
questionnaire 

 Simple assessment of 
dietary intake usually 
over 6 months or a 
year 

 Cost-effective 

 Suitable for 
epidemiological studies 

 Subjective 

 Recall bias – under 
reporting 

 Closed-ended 
questionnaire 

 Specific to study – 
not generalizable to 
other studies 

 Low accuracy 

Dietary record (i.e. 
food diary) 

 Detailed dietary data 
of actual intake over a 
specific time period 

 No interviewer 
required 

 No recall bias 

 Subjective 

 Multiple days 
required 

 Respondent burden – 
literate and motivated 

 Time-consuming 

 Under reporting 

24-Hour recall  Detailed dietary data 
of actual intake 

 Literacy not required 

 Small respondent 
burden 

 Subjective 

 Interviewer required 

– bias possible 

 Expensive 

 Time-consuming 

 Multiple days 
required to assessed 
usual intake 

Dietary history  Assesses usual dietary 
intake 

 Subjective 

 Expensive 

 Time-consuming 

 Not suitable for 
epidemiological 
studies 

Food consumption 
record 

 Objective 

 Actual dietary intake 
information 

 Suitable for those with 
poor literacy or those 
who prepare most 
meals at home 

 Individual dietary 
consumption not 
accurate 

 Unsuitable for those 
who frequently eat 
out 

Duplicate diet 
approach 

 Measurement of dietary 
exposures 

 Not appropriate for 
large studies 
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1.5.8.5 Biomarkers of health status 

 
Biomarkers are defined as objective indicators of health status in terms of, 

normal biological processes, pathogenic processes, or pharmacologic 

responses [112]. Biomarkers can help determine the risk of developing an 

illness, screen and diagnose diseases, determine disease severity and predict 

future diseases [112]. A biomarker should have high predictive accuracy, be 

easily measured and reproducible, minimally invasive and acceptable for use 

amongst patients and physicians [112]. Biomarkers should also have a short 

half-life, exist in a relatively small pool, a predictable catabolic rate and a quick 

synthesis rate [113]. 

1.5.8.5.1 Dietary biomarkers 

 
In addition to the use of the biomarkers mentioned above, they can also be 

used alongside self-reported measures, as objective indicators of dietary 

intake or nutritional status in research and clinical practice [109]. These 

biomarkers should reflect dietary intake, as well as the metabolism of the 

nutrient(s) and potential effects of disease processes [114]. They are 

recommended to help improve the validity of a nutritional assessment [115]. 

This is because they can help overcome the limitations of self-reported dietary 

intake and bias introduced from food composition tables [109]. These 

biomarkers can reflect dietary intake in the short-term (i.e. hours or days) by 

measuring biomarkers in urine, plasma or serum, medium-term (i.e. weeks or 

months) by measuring biomarkers in red blood cells or adipose tissue and in 

the long-term (i.e. months or years) by measuring biomarkers in hair, nails or 

teeth [109]. For example, as carotenoids cannot be synthesised by the body, 

they are considered good indicators of fruit and vegetable intake as they are 

the main source of carotenoids in plasma/serum [116]. 

1.5.8.5.2 Limitations of dietary biomarkers 

 
The use of biomarkers to assess dietary intake has its own set of limitations. 

Individual variability exists for biomarkers even if individuals are on the same 

diet [115]. This is due to other factors that can affect the measurement of 

biomarkers, aside from diet, such as, age, gender, smoking, alcohol, 

medication, and physical activity [109]. Variation in results may also be due to 
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interactions between dietary components, handling of samples and laboratory 

methods in terms of precision and detection limits [109]. This is important as 

the correct interpretation of biomarker results, depends on having defined 

reference values to compare against and these can differ between laboratories 

[115]. In particular, there is a lack of consensus regarding optimal cut-offs for 

malnutrition risk (i.e. undernutriton) in older adults which may result in a 

misdiagnosis [108]. A combination of biomarkers should be used to 

differentiate between micronutrients due to a lack of specificity [115], to help 

identify the different components of nutritional status [117], and help reduce 

the number of false positives and negatives than a single parameter [118]. 

However, a positive biomarker response when measuring nutritional status 

does not necessarily mean that health has improved and no response could 

still indicate an improvement in health [119]. 

1.5.8.6 Biomarkers in clinical practice 

 
Currently, a blood sample is collected in clinical practice to objectively assess 

nutritional status and determine those individuals which may need a nutritional 

intervention, and they can be used to reflect dietary intake [102]. Table 1.5 

shows the various biomarkers measured in clinical practice [102]. It is noted 

that C-Reactive Protein (CRP) is used as a biomarker of inflammation, 

however interpreting nutritional status in the presence of inflammation/infection 

is complex, as inflammation can result in a reduction in protein levels [120]. 

The results of the biomarkers are interpreted alongside a clinical examination, 

medical history and current medications [102]. 
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Table 1.5 Measurement, rationale and normal reference range of 

biomarkers in blood assessed within the current nutritional assessment 

[102] 

 

Measurement Rationale Normal range 

Haemoglobin Assess for iron status or 

indicate anaemia 

Women = 12.0-15.5 g/dl 

Men = 13.5-17.5 g/dl 

Albumin A low level may also 
indicate inflammation or 
infection is present 

35 - 50 g/L (3.5 - 5.0 
g/dL) 

C-Reactive Protein Inflammatory marker 
raised when infection or 
inflammation is present 

Ideally <10 mg/L 

White cell count Immune system marker; 
raised if infection present 

4-11 x109/L (4000- 
11,000 per cubic 
millimetre of blood) 

Glycated Haemoglobin Indicates an average 
blood sugar level over a 
period of months 

Ideally <48 mmol/mol or 
<6.5% (Diabetes UK) 

Sodium Indication of hydration 
status and kidney 
function - raised sodium 
may indicate dehydration 

135-145 mmol/L 

Urea Used to assess kidney 
function – high urea and 
other markers may 
indicate dehydration 

2.5-7.1 mmol/L 

Calcium and Phosphate Used as a baseline when 
assessing risk of 
refeeding syndrome 
Calcium is adjusted for 
albumin level 

Adjusted Ca 2.0-2.6 
mmol/l 
Phosphate 0.7-1.4 
mmol/l 

Magnesium Likely to be low if there 
are large GI losses 

0.7-1.0 mmol/l 

Micronutrients (i.e. 
vitamins and minerals) 

Affected by acute phase 
responses (inflammation 
or infection) – best 
measured when CRP is 
low 

None stated 
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Despite blood being considered the “gold standard” for evaluating systemic 

health and dietary intake, a blood test has limitations including: collection is 

inherently invasive, can cause discomfort and induce patient anxiety, and there 

is a risk of infection to both practitioners and patients [121]. Blood collection in 

older adults can also prove difficult due to poor venous access, while it also 

tends to be less favoured amongst children in research [121]. It is suggested, 

that there is a necessity within the healthcare system for a non-invasive, timely 

and cost-effective method to provide a biological sample which could help 

assess nutritional status [108,122]. Similarly, the use of a quick method to 

support traditional dietary assessment methods would be helpful in dietary 

research. This is where saliva has been suggested as a potential biological 

fluid, as nutritional deficiencies may affect salivary function and composition 

[123]. 

 
1.6 SALIVA 

1.6.1 Saliva secretion 

Whole saliva is mainly produced by three sets of major salivary glands (90%) 

including: parotid (Stenson’s duct linked), submandibular (Wharton’s duct 

linked) and sublingual, as well as a smaller proportion (10%) of saliva being 

produced by minor salivary glands (i.e. buccal, labial, palatal, palatoglossal, 

lingual) and gingival fluid with bacteria [124]. Between 500-1500ml of saliva is 

produced each day, at a rate of 0.5ml/minute [125]. The amount of saliva 

secreted can be affected by the method of salivary collection, as salivary flow 

can range between 0.1-0.3ml/minute under resting conditions and when 

stimulated this can reach up to 7ml/minute [124]. Glandular secretions also 

varies according to the stimulation status as shown in Table 1.6 [124]. In 

unstimulated saliva collection, the majority of whole saliva is produced by the 

submandibular glands and usually represents what was present in a 24 hour 

period [126]. In stimulated collection, the majority of whole saliva is produced 

by the parotid glands [124]. 
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Table 1.6 Differences in salivary gland secretions between unstimulated 

and stimulated saliva collection methods [124] 

 Unstimulated Stimulated 

Salivary glands   

Submandibular ~65% ~35% 

Parotid ~20% >50% 

Sublingual ~5% - 

~7-8% * Minor glands ~10% 

~Approximate values – Not applicable as the result shown below accounts for sublingual 

and minor glands. 

 

1.6.2 Saliva function 

There are two main functions of saliva, one of which is to protect the oral 

tissues by [127]: 

 providing lubrication 

 diluting sugars after consumption of food and drink 

 antimicrobial activity to inhibit bacterial growth 

 neutralising acid production and controlling plaque pH 

 aiding tooth enamel remineralisation and tissue repair 

 

The other main function of saliva in the oral environment is to facilitate eating 

and speech by [127]: 

 enhancing chewing and taste 

 clearing of food residues and swallowing 

 aiding digestion 

 lubricating oral tissues which enables speech 

 

In addition to the two major functions, saliva has also been suggested as a 

potential non-invasive medium that could be used for diagnostic purposes and 

will be presented in detail later in this chapter [127]. 

 
1.6.3 Saliva composition and transport mechanism 

Saliva mainly consists of water (99%), but it also contains various inorganic 

compounds (sodium, potassium, magnesium, chloride, bicarbonate, hydrogen 
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phosphite), organic compounds (uric acid, glucose, amino acids, lipids like 

cholesterol and fatty acids) and proteins/polypeptide compounds [125]. The 

presence of these components in saliva is due to the thin layer of epithelial 

cells which separates the salivary duct from systemic circulation [128]. This 

allows the exchange of blood-based molecules into saliva, either via active 

transport, passive intracellular diffusion from blood capillaries and extracellular 

ultrafiltration via gaps in the blood membrane [128]. Components may also 

originate within the salivary glands themselves [126]. 

 
1.6.3.1 Factors affecting salivary flow and composition 

There are various factors that can affect salivary flow, which may mean that 

results can vary between individuals and within the same person under 

different conditions as shown in Table 1.7 [129]. It is generally accepted that a 

reduced salivary flow is associated with increasing age, however the evidence 

is conflicting as a recent meta-analysis of 47 studies found that 21 showed no 

difference in salivary flow between young and older subjects, 15 found reduced 

salivary flow in older adults, one found both an increase and decrease in 

salivary flow and 10 suggested ambiguous results [130]. Salivary flow 

generally reduced in older adults whole saliva, submandibular and sublingual 

glands, while parotid and minor glands showed no difference to younger 

people [130]. Therefore, the effect of age on salivary flow may be gland- 

specific, but no consensus has been reached perhaps due to different study 

designs and collection methods [130]. A reduced salivary flow may contribute 

to the subjective sensation of a dry mouth (i.e. xerostomia) and this may affect 

quality of life, nutrient intake as chewing may be difficult and, subsequently, 

increase the risk of malnutrition [131]. Older adults may be particularly at risk, 

as they have the highest medication use worldwide and a reduced salivary flow 

can often be a side effect of taking multiple medications (i.e. polypharmacy) to 

manage chronic co-morbidities [132]. 

 
Salivary flow may also affect salivary composition. An increased salivary flow 

may lead to an increase in total protein, sodium, calcium, chloride and 

bicarbonate, while phosphate and magnesium are reduced [133]. Other factors 

may affect salivary composition, including the method used to collect saliva 
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[134]. For example, parotid saliva tends to be serous in texture and rich in ions 

and enzymes [129]. As salivary composition is constantly changing, it may be 

related to the Circadian cycle, where levels change based on the environment, 

such as, proteins may be at their highest level in the afternoon, while sodium 

and chloride may be highest in the morning [133]. Physical activity may also 

affect the levels of salivary proteins, electrolytes, hormones and 

immunoglobulins [135]. 

 
Table 1.7 Factors affecting salivary flow during saliva collection 

 

Increase in salivary flow Decrease in salivary flow 

 Hyper-hydration due to increased 
saliva production [133] 

 Dehydration (i.e. reduction in body 
water content by 8%) as salivary 
glands stop secreting saliva to 
conserve body water [133] 

 Standing up compared to those 
sitting down [129] 

 Lying down compared to those 
sitting down [129] 

 Smoking causes an irritating effect 
which increases glandular 
secretion [133] 

 Collection in the dark may reduce 
salivary flow by 30-40% [129] 

 Circannual rhythm may lead to a 
peak level of salivary flow (parotid 
gland) in the winter [133] 

 Circannual rhythm may decrease 
salivary flow (parotid gland) in the 
summer – may be due to 
dehydration in hot weather [133] 

 Thinking of food and visual 
stimulation [133] 

 Medication including: 
antidepressants, anti- 
hypertensives, anti-histamines, 
anti-psychotics (and it may also 
alter saliva composition) [133] 

 Chemical and mechanical 
stimulation – chewing something 
inert stimulates saliva production 
but at a lower rate than the use of 
citric acid [133] 

 Physical activity – diminished 
salivary secretion due to 
sympathetic stimulation [135] 

 Depression, anxiety and stress 
[136] 

 Prior to and during vomiting [133]  Alcohol reduces stimulated 
salivary flow due to a change in 
the release of total protein and 
electrolytes [137] 

 Gender – males have larger 
salivary glands and body size [138] 

 Fasting in the short-term – does 
not lead to hyposalivation and is 
restored [129]. 



36  

1.6.4 Saliva collection methods 

It is important that standardised salivary collection methods are followed. Table 

1.8 gives details of methods for collecting both whole and glandular specific 

saliva [125]. Whole saliva is easier to collect, the most feasible and does not 

need to be collected by a trained specialist, whereas the collection of glandular 

specific saliva could not be widely used due to the high degree of training 

required [125]. 

 
Table 1.8 Comparison of saliva collection methods using whole and 

glandular specific saliva [125] 

Whole saliva Glandular specific saliva 

Unstimulated Stimulated  

 Passive 
drooling – 
saliva drains off 
lower lip into a 
plastic vial 

 Chewing paraffin 
wax 

 Cannulation of single 
salivary duct or the use 
of an acrylic cup (placed 
over Stenson’s duct) to 
collect parotid saliva 

 Spitting – saliva 
is spat into a 
sterile container 

 Chewing neutral 
gum base 

 Crevicular fluid – direct 
insert of appropriate 
device in gingival crevice 

  Chewing parafilm or 
rubber bands 

 Pipette suction – under 
the tongue 

  Use of powdered 
drink crystals or 
foodstuff containing 
citric acid 

 Pipette suction – 
paragingival gutter 

  Salivette method – 
cotton dental 
rolls/swab 

 Alternative non- 
cotton based 
methods: 
Polystyrene foam 
swabs 

 Submandibular glands – 
tip of collection device 
placed at orifice of 
Wharton’s duct (need to 
block parotid and 
sublingual glands using 
sterile cotton sponges) 

 
1.6.4.1 Guidelines for saliva collection 

There are some key points to help keep the saliva collection process 

standardised. It is advised that saliva collection is made at a standard time, 

and this is suggested to be between 8-11am [139]. This, however, is not 
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always possible during research studies where participants have afternoon 

appointments. Participants should be made to feel comfortable in a calm and 

isolated room, where it is suggested they rinse their mouth prior to collection 

to remove food debris if possible [139]. However, if participants are advised to 

avoid the consumption of food, chewing gum or liquids (except water) for at 

least 30 minutes (ideally one or two hours) so there should be no food debris 

[125]. Prior to saliva collection, participants should avoid brushing their teeth 

at least 45 minutes, should not smoke before saliva collection or have any 

dental work performed in the previous 24 hours before saliva collection [139]. 

Any saliva samples that are visibly contaminated with blood from bleeding 

gums should be discarded and another sample taken if time permits [139]. 

 
1.6.5 Saliva storage 

Successful measurement of salivary biomarkers requires optimal collection, 

processing and storage procedures. Following collection of saliva samples, it 

is recommended that samples are kept on ice, aliquoted and frozen as quickly 

as possible to help maintain the integrity of the samples [125]. This is important 

as bacterial protease enzymes can cause the deterioration of salivary proteins 

and so keeping the samples as cold as possible may prevent bacterial growth 

[125]. It is recommended that freeze-thaw cycles of saliva samples are 

minimised to reduce protein degradation [140]. Therefore, it is suggested that 

saliva samples should be brought to room temperature, vortexed, and 

centrifuged at 1500 x g for 15 minutes on the day of sample testing [141]. 

 
1.6.6 Comparison of saliva and blood collection, storage and analysis 

1.6.6.1 Collection 

The collection of whole saliva is undemanding as no specific training is 

required, whereas blood collection requires highly trained personnel [122]. 

Glandular specific saliva collection can prove difficult as previously mentioned 

and, therefore, it may not be appropriate in clinical practice. Whole saliva is 

accessible, and can be collected easily and non-invasively, especially if 

multiple salivary samples are required [142], whereas the collection of blood 

can be invasive, cause discomfort and there is a risk of infection for both the 

patient and practitioner [121]. Saliva collection can be used when the collection 
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of blood is difficult, as older adults may have poor venous access and the 

collection of blood tends to be less favoured amongst children in research 

[121]. However, the use of saliva may be difficult in those with xerostomia, but 

the use of stimulated whole saliva collection can overcome this limitation [142]. 

Saliva samples are safer to handle during collection as there is no need to 

handle sharp equipment, which helps reduce the risk of infection compared to 

the use of blood [122]. 

 
1.6.6.2 Storage 

Saliva samples are easier to ship and store and more economical due to no 

risk of samples clotting unlike blood [122,143]. Saliva is considered stable at 

room temperature for longer periods of time, compared to blood due to the 

collection methods [142]. However, some whole saliva samples collected using 

the spitting method are not sterile and, therefore, bacterial degradation may 

occur whereas bacteria in blood is not a common occurrence [142]. Salimetrics 

stated that saliva samples can be stored at -80C for several years without 

degradation, but it may vary according to the biomarker and an exact time has 

not been determined [141]. Saliva is considered Human Tissue Act (HTA) 

relevant material as it contains human cells and, therefore, it is necessary that 

samples are collected, processed, stored and disposed of by following 

standard operating procedures (SOPs) in accordance with the HTA 2004 [144]. 

In comparison to this, serum/plasma samples are not considered HTA relevant 

material if they are processed correctly, as this makes the samples acellular 

[144]. 

 
1.6.6.3 Analysis 

As previously mentioned, saliva composition can be affected by different 

factors (e.g. time of day), whereas blood composition is considered quite stable 

[145]. Saliva provides the same information and also additional information to 

that of serum testing as it is a local and systemic diagnostic tool [146]. The 

concentration of salivary biomarkers in saliva is substantially lower compared 

to blood [128]. However, there have been improvements in detection 

sensitivities of biomarkers [147]. The interpretation of saliva assays still 

remains more difficult in comparison to blood which has standard reference 
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ranges [142]. The use of saliva as a diagnostic fluid is not widely accepted 

compared to blood, despite growing awareness of salivary applications [147]. 

This may be due to a lack of familiarity surrounding saliva as a diagnostic 

medium [142] and being considered grotesque in some cultures [146,148]. 

Therefore, it will take time for the use of saliva to become as reliable and well- 

established as blood [146]. 

 
1.7 SALIVA AS A BIOLOGICAL FLUID 

1.7.1 History of the use of saliva 

The use of saliva in clinical diagnostics goes back more than 2000 years ago, 

where doctors said that saliva and blood were “sibling biofluids” both coming 

from the same origin [149]. Studies in the early 20th century found some 

evidence to suggest that diet had an effect on the saliva of dogs [150]. The 

diagnostic power of saliva in humans was first reported in the 20 th century as 

well, as salivary thiocyanate ions were used to differentiate smokers and non- 

smokers [151]. When a potential link was found between saliva and disease, 

Mandel investigated the changes in salivary inorganic components in different 

disease states [152]. For example, salivary potassium and calcium were 

previously established as diagnostic markers of toxicity monitoring [153]. 

However, most inorganic research in saliva proved to be of little use and, 

subsequently, salivary organic components were investigated [149]. 

 
By the 1980s, various hormones and drugs were detected in saliva using highly 

sensitive test procedures, while the development of mass spectrometry 

promoted salivary diagnostic research to a new level [149]. This research led 

the development of a multi-disciplinary research team in 2004, to investigate 

the potential use of saliva in health, funded by the US National Institute of 

Dental and Craniofacial Research [149]. It is recognised that salivary 

diagnostics is an advancing area in health in terms of diagnosing diseases, 

clinical-monitoring and decision-making [147,154]. It is, therefore, not 

surprising that saliva is often referred to as a “window on health status” or 

“mirror of the body”, as it is considered equivalent to blood in reflecting the 

state of the body [128], particularly the real-time status of biochemical and 

physiological changes in relation to various diseases [147]. Research has also 
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suggested that saliva may be a reliable non-invasive source of nutritional 

biomarkers [155]. This is because saliva may reflect the physiological state of 

the body, including nutritional and metabolic status [156]. Recognising saliva 

as a credible means to evaluate health status, may offer translational and 

public health advantages [157]. 

 
1.7.2 Saliva in the measurement of oral and systemic diseases 

A recent systematic review [124] and narrative literature reviews 

[128,149,158–160] have suggested the possible clinical usefulness of saliva in 

the early diagnosis and treatment of various oral or systemic disorders, as 

various salivary biomarkers have been observed to be altered in response to 

various disease states. This included: dental caries, periodontal disease, 

monitoring renal disease, detecting cancer (i.e. oral, prostate, pancreatic, lung 

and breast), human immunodeficiency virus (HIV), sjogrens syndrome, 

obesity, CVD, and drug monitoring, all of which involved the use of various 

salivary biomarkers. 

 
Other specific systematic reviews have been conducted in relation to CVD in 

22 studies [161], dental caries in 11 studies [162] and oral cancer in nine 

studies [163]. These reviews had similar findings to the previously mentioned 

reviews. Salivary matrix metalloproteinase-9 (MMP-9) and chemerin were 

highly specific and sensitive markers of oral cancer [163]. However, the quality 

of the studies included were not commented upon [163]. Furthermore, a 

significant association was found between salivary components (i.e. proteins, 

electrolytes, antioxidants, enzymes, and minerals) and dental caries [162]. The 

quality of the studies were questionable, as two studies had high-risk bias, four 

had moderate-risk bias and five had low-risk bias [162]. However, conflicting 

evidence existed for CVD in relation to various salivary biomarkers including: 

creatine kinase isoform MB, MMP-9, troponin I, myeloperoxidase, myoglobin, 

and brain natriuretic peptide [161]. The only consistent result was that CRP 

increased significantly in those with CVD [161]. It is still suggested that saliva 

has potential to be used to assess CVD risk, despite inconclusive results at 

present [161]. 
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1.7.3 Saliva in the measurement of diet and nutritional status 

The use of salivary biomarkers has potential to aid nutritional assessment, as 

saliva may help detect nutritional deficiencies and, subsequently, disease risk 

factors. Very limited consistent evidence exists regarding the link between 

saliva, nutritional status and dietary intake. This will be explored further in 

Chapter 2. A systematic review and meta-analysis was conducted in relation 

to salivary ferritin and iron, and results suggested their use in differentiating 

between IDA and thalassemia using serum-based kits [164]. This also 

suggests that these conditions, in particular IDA, are detectable using saliva. 

However, this systematic review only included three case-control studies and 

no quality assessment was conducted [164]. The three studies were in younger 

people but the change in biomarker direction was conflicting, as salivary ferritin 

and iron levels increased [165,166] and decreased [167] in those with IDA 

compared to controls. 

 
A descriptive study published since the systematic review, found similar results 

to two of the studies in the systematic review, as salivary ferritin and iron were 

increased in those with IDA [168]. However, participant characteristics were 

unknown in this study [168]. The elevated levels of salivary ferritin may be due 

to endocytosis of ferritin and enzymatic functions, and salivary ferritin may 

change first compared to serum ferritin to monitor iron status [166]. Another 

systematic review and meta-analysis of 10 studies was conducted in those with 

T2D [169]. Salivary glucose levels were increased in individuals with T2D and, 

supported the potential use of this salivary biomarker as a less invasive 

biomarker for T2D screening [169]. However, no quality assessment was 

conducted so the quality of the included studies is unknown. 

 
It is apparent that no systematic review has been published in relation to saliva 

and malnutrition (i.e. under and overnutrition). In relation to under-nutrition, 

studies have been conflicting, as evidence found that salivary protein, albumin, 

and transferrin were significantly reduced in slum individuals of all ages 

compared to nourished individuals [170], and higher salivary total protein and 

albumin levels in hospitalised frail elderly compared to outpatients [171]. 

Differences in results may be due to the use of different saliva collection 
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methods, such as stimulated using paraffin wax collected in the afternoon [171] 

compared to unstimulated saliva collected in the morning [170]. Salivary 

albumin and prealbumin levels were also found to correlate with serum [172]. 

These salivary biomarkers are, therefore, suggested as potentially being useful 

for evaluating protein nutritional status. 

 
In relation to over-nutrition, evidence found that certain salivary biomarkers 

may be higher in those who are obese, particularly salivary CRP as it was six 

times higher, leptin was three times higher and adiponectin 30% lower in obese 

children compared to controls [173]. However, there was no significant 

difference in salivary adiponectin levels amongst obese adults compared to 

controls [174]. Salivary phosphate was also higher in obese cohorts without 

any change in plasma levels and may act as an early obesity indicator [175]. 

However, both animal and human studies were included [175]. Salivary 

glucose levels were three times higher in adolescents than controls [176]. 

Therefore, evidence suggests that the level of salivary biomarkers may differ 

during obesity, but the effect of weight change on salivary biomarkers is 

currently unknown. The literature regarding this will be discussed in detail in 

Chapter 4. 

 
To date, no systematic review has been published in relation to saliva and 

osteoporosis. Evidence has indicated that challenges exist in diagnosing post- 

menopausal woman with osteoporosis [177]. Post-menopausal women with 

osteoporosis had higher salivary calcium [177,178] and higher salivary 

phosphorus [178] compared to controls, which may aid diagnosing 

osteoporosis/osteopenia. Furthermore, salivary calcium was able to 

discriminate women with/without osteoporosis, which may aid osteoporosis 

screening [177]. 

 
Furthermore, no systematic review has been published in relation to saliva and 

dietary intake. A limited number of studies have measured nutritional salivary 

biomarkers in relation to dietary intake, but not all biomarkers showed 

potential. Salivary total antioxidant capacity (TAC) may be useful to reflect 

dietary antioxidant intake or carbohydrate intake in adults [179,180], and 
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salivary nitrate/nitrite may reflect dietary nitrate intake in adults and older adults 

[181,182]. However, zinc content of salivary sediment may not be suitable to 

confirm dietary zinc intake, as cellular zinc may not change based on dietary 

intake of zinc the previous day [183,184]. Salivary ascorbic acid or ascorbate 

were not considered good indicators of dietary vitamin C intake or status in 

adults [185,186]. Salivary copper was also found in low amounts and, therefore, 

it did not reflect dietary copper intake in adults [187]. 

 
To date, the use of different salivary biomarkers in relation to various states of 

nutrition and dietary intake, has yet to be explored in one systematic review. 

 
1.8 GENERAL SUMMARY 

An increase in the number of older adults living longer will place an increased 

economic burden on the healthcare system due to management of chronic 

diseases. A healthy diet and optimal nutritional status should be encouraged, 

as this may prevent or improve many age-related diseases and conditions. 

However, there are a number of factors may affect dietary intake and, 

subsequently, diet quality. Oral health status may be an important factor 

influencing diet. This is because older adults with tooth loss may experience 

reduced masticatory function and chewing ability which can lead to the 

avoidance of foods perceived as difficult to eat including: fruit, vegetables and 

nuts and, subsequently, suboptimal nutritional status. This thesis will 

investigate whether oral health status is associated with future dietary intake 

and diet quality in an older Northern Irish population. This association will also 

be explored in relation to body composition, frailty and health outcomes in a 

pilot study of Northern Irish older adults. 

 
If nutritional intake is inadequate or excessive this can contribute to suboptimal 

nutritional status and this may lead to malnutrition, encompassing both under 

and overnutrition. Malnutrition has been shown to overlap with frailty, in terms 

of them both experiencing an unbalanced diet, changes in body composition 

and diminished physical function. Nutritional intake is currently suboptimal 

amongst older adults, with the majority not meeting many nutritional 

recommendations. It is vital that nutritional issues are identified as early as 
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possible, in order to help prevent various diet-related noncomunicable 

diseases (e.g. malnutrition, T2D, IDA, frailty). 

 
The current UK full nutritional status assessment is a rather complex and 

invasive process, which involves the collection of a blood sample to objectively 

assess nutritional status, including the assessment of inflammation (i.e. CRP), 

and determine those individuals which may need a nutritional intervention. It is 

suggested, that there is a necessity within the healthcare system for a non- 

invasive, timely and cost-effective method to provide a biological sample which 

could help assess nutritional status. This is where saliva has been suggested 

as a potential biological fluid that may be used to assess nutritional status 

and/or dietary intake. This thesis will systematically present a review of the 

evidence for salivary biomarkers of nutritional status and dietary intake. The 

potential nutritional salivary biomarkers identified will guide the testing of saliva 

samples in Northern Irish adults and older adults. This thesis will also 

specifically explore the effect of weight change on inflammatory salivary 

biomarkers in Northern Irish adults 
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1.9 THESIS AIMS AND OBJECTIVES 

Based on the evidence in this chapter, this thesis has three broad aims which 

will be achieved by the following objectives: 

 
AIM ONE: To explore the utility of saliva as a biological matrix in the 

measurement of biomarkers of nutritional status and/or dietary intake 

 To systematically review existing studies in participants of all ages 

which had nutrient(s) measured in whole saliva and/or gland specific or 

glandular saliva, in relation to a nutritional status and/or dietary intake 

outcome (Chapter 2) 

 To explore whether kits developed for serum could be used to measure 

levels of the same nutritional biomarkers in saliva samples in a Northern 

Irish population (Chapter 3) 

 
AIM TWO: To explore the relationship between weight change and 

inflammatory salivary biomarkers 

 To explore the effect of weight change on inflammatory salivary 

biomarkers in Northern Irish adults participating in a community-based 

health programme (Chapter 4) 

 
AIM THREE: To investigate the associations between oral health status, 

diet, nutritional status and health outcomes 

 To investigate whether oral health status, defined as the number of 

natural teeth and subsequent prosthodontic rehabilitation, was 

associated with dietary intake and diet quality in older men, after an 

average time period of 13 years in the PRIME study (Chapter 5) 

 To explore associations between oral health status, dietary patterns, 

body composition, frailty and health outcomes in a cross-sectional pilot 

study of Northern Irish older adults (Chapter 6) 
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CHAPTER 2 

SALIVARY BIOMARKERS OF 

NUTRITIONAL STATUS AND 

DIETARY INTAKE: A SYSTEMATIC 

REVIEW 
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2.1 INTRODUCTION 

2.1.1 Current dietary intake and nutritional status assessment 

The collection of dietary data to assess dietary intake and subsequently, 

nutritional status, is not without its challenges, as the usual methods of data 

collection (i.e. FFQ, 24-hour recall, food diary) are subjective, at risk of recall 

bias and also prone to under- and over-reporting due to difficultly associated 

with reporting portion sizes, as previously mentioned in Chapter 1 [110,111]. 

One method to help overcome these limitations, is the use of dietary 

biomarkers to objectively support traditional dietary assessment methods and 

assess nutritional status [111]. Dietary biomarkers have been suggested to 

more accurately associate dietary intake with disease risk and nutritional 

status, in comparison to self-reported methods [111]. Nutritional status, as 

previously defined in Chapter 1, refers to the state of an individual’s health, in 

terms of the intake and utilisation of nutrients [75]. A variety of nutritional 

conditions can occur perhaps due to inadequate dietary intake and nutritional 

status, including: PEM, IDA, osteoporosis, T2D and obesity, as previously 

mentioned in Chapter 1. Therefore, biomarkers can be used to help detect, 

monitor and/or diagnose these conditions [188]. Consequently, early detection 

of nutritional deficiencies is imperative to the prevention of malnutrition. 

 
Blood is generally considered the best body fluid to evaluate systemic health 

and dietary intake, however it is not without its limitations, as collection is 

inherently invasive, it can cause discomfort and induce patient anxiety from a 

fear of needles, and there is a risk of infection for both the patient and 

practitioner, as previously mentioned in Chapter 1 [121]. Blood collection in 

older adults can also prove difficult due to poor venous access, while it also 

tends to be less favoured amongst children in research [121]. Therefore, the 

process of assessing nutritional status is currently a rather complex and 

invasive process, and so there is a need within the healthcare system for a 

non-invasive, timely and cost-effective method to provide a biological sample 

which could help assess nutritional status [108,122]. Similarly, the use of a 

quick method to support traditional dietary assessment methods would be 

helpful in dietary research. This is where saliva has been suggested as a 
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potential biological fluid, as nutritional deficiencies may affect salivary function 

and composition [123]. 

 
2.1.2 Saliva as a biological fluid 

Saliva is often referred to as a “window on health status” or a “mirror of the 

body” as previously mentioned in Chapter 1 [128]. It mainly consists of water 

(99%), but the remaining 1% consists of various inorganic compounds, organic 

compounds and proteins/polypeptide compounds [125]. Saliva (and urine) 

samples are advised to be collected from all participants in nutritional studies, 

as they are considered the least invasive of the biological samples [114]. The 

biological plausibility for the use of saliva, is that salivary glands are 

surrounded by capillaries which allows the exchange of blood-based 

molecules into saliva, either via active transport, diffusion through cell 

membrane or passive diffusion [134]. Recognising saliva as a credible means 

to evaluate health status, may offer translational and public health advantages 

[157]. This may be due to saliva collection being considered undemanding, as 

less training is required and it can be collected in practice and in the 

community, the procedure is non-invasive, saliva samples are safer to handle, 

easier to ship and store and more economical compared to blood samples 

which may clot [122]. However, the use of saliva is still not widely accepted 

due to its lack of familiarity [147]. 

 
Saliva diagnostics dates back to more than 2000 years ago [149], and by the 

1980s various hormones and drugs were detectable in saliva [149], as 

previously mentioned in Chapter 1. A recent systematic review [124] and 

narrative literature reviews [128,149,158–160] have suggested the possible 

clinical usefulness of saliva in the early diagnosis and treatment of various oral 

or systemic disorders, as salivary biomarkers were altered in response to 

various disease states. This included: dental caries, periodontal disease, 

monitoring renal disease, detecting cancer (i.e. oral, prostate, pancreatic, lung 

and breast), HIV, sjogrens syndrome, obesity, CVD, and drug monitoring, all of 

which involved the use of various salivary biomarkers. Research has 

suggested that saliva may also be a reliable non-invasive source of nutritional 

biomarkers [155]. It was suggested that saliva can reflect the physiological 



49  

state of the body, including nutritional and metabolic status [156]. Therefore, 

the use of salivary biomarkers may aid nutritional assessment, as saliva could 

help detect nutritional deficiencies and, subsequently, disease risk factors. As 

mentioned in Chapter 1, evidence is limited, but a poor quality systematic 

review of three studies was conducted in those with IDA [164]. There was also 

a systematic review conducted in 2014, which found that the level of salivary 

glucose increased in individuals with T2D and, supported the potential use of 

the salivary biomarker as a less invasive biomarker for T2D screening [169]. It 

is, therefore, important that conditions are detected early, ideally at a treatable 

phase, as this is key to enhancing an individual’s prognosis by helping to 

decrease morbidity and mortality [189]. 

 
However, inconclusive and insufficient evidence exists in relation to other 

nutritional salivary biomarkers. Furthermore, the use of different salivary 

biomarkers in relation to various states of nutrition and dietary intake has yet 

to be explored in a systematic review. Salivary biomarkers included in this 

systematic review were initially determined from a scoping exercise. These 

included albumin, prealbumin, transferrin, ferritin/iron, calcium, phosphorus, 

potassium, vitamin C, vitamin D and TAC. Any additional biomarkers found in 

the systematic review search were also included if they were considered a 

nutrient(s) in saliva. Therefore, salivary biomarkers included were in relation to 

various nutritional status outcomes including: malnutrition, IDA, weight, T2D, 

osteoporosis, and also in relation to dietary intake. It was noted that T2D was 

included in case any new evidence had been published since 2014, in relation 

to salivary glucose and any other salivary biomarkers identified for T2D. 

 
2.2 AIM 

To explore the utility of saliva as a biological matrix in the measurement of 

biomarkers of nutritional status and/or dietary intake 

 
2.3 OBJECTIVE 

To systematically review existing studies in participants of all ages which had 

nutrient(s) measured in whole saliva and/or gland specific/glandular saliva, in 

relation to a nutritional status and/or dietary intake outcome 
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2.3.1 Research Question  

Can nutritional salivary biomarkers in humans of any age be used to aid 

nutritional status assessment and/or support traditional dietary assessment 

methods in comparison to corresponding nutritional serum biomarkers or 

control groups (where applicable)?  

 

2.4 METHODS 

2.4.1 Protocol and registration 

This systematic review followed the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) guidelines [190]. The review protocol 

was registered on the International Prospective Register of Systematic 

Reviews (i.e. PROSPERO) (Registration Number: CRD42018107667) 

(Appendix 1). 

 
2.4.2 Eligibility criteria 

Broad criteria were predefined to select papers for inclusion, using the 

participants, interventions, outcomes and study design reporting system 

(PICOS). They were included if: 

 Participants: All ages of participants which had nutrient(s) measured 

in whole saliva and/or gland specific/glandular saliva. This was due to 

the anticipated limited number of available studies in older adults. 

 Interventions: Any intervention delivered in relation to the effect of 

dietary intake on nutritional salivary biomarkers. 

 Comparators/controls: Comparisons were made between the 

measurements of nutritional biomarkers in serum versus the 

measurement of the biomarkers in saliva where applicable and controls 

were those without the presence of the nutritional condition being 

studied or control group in an intervention; however no exclusions were 

applied based upon the presence or absence of comparator or control 

groups. 

 Outcomes: The identification and/or level of nutritional salivary 

biomarkers in relation to a nutritional status or dietary intake outcome. 

Studies were treated separately in relation to nutritional status and 

dietary intake to solve any heterogeneity issues in reporting. 
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 Study design: All study designs were included in order to maximise the 

number of studies in the review. This excluded: reviews, commentaries, 

conference abstracts, animal studies and non-English studies. 

In addition to the PICOS criteria being satisfied, no exclusions were made 

based on the publication date, study setting or current health status (i.e. 

healthy or with one or more condition). 

2.4.3 Study selection and data extraction 

Four electronic bibliographic databases (MEDLINE, Web of Science, Scopus 

and EMBASE), were searched for published literature up to February 2018. 

The search strategy involved a combination of specific Medical Subject 

Headings (MeSH) terms and text words around three main topics: saliva, 

biomarkers and nutritional status. The search terms were combined with an 

“OR” within categories and then “AND” was used to combine different 

categories to create a final search query. The search terms were exploded 

where possible to expand results and adapted for use with each of the 

bibliographic databases. These were combined with filters for English 

language and human studies. Web of Science and Scopus have no human 

filter so articles had to be checked manually. The search strategy and search 

terms were chosen alongside a librarian (RF) with expertise in systematic 

reviewing (Appendix 1). Queen’s University library were contacted to retrieve 

any full-texts of identified articles that were not able to be accessed online, and 

corresponding authors were contacted if further information was required. Trial 

registers (i.e. Cochrane) and other grey literature sources (open grey, google 

and google scholar) were searched using the key words, as well as searching 

relevant reference lists of identified articles. 

All references retrieved were managed using an online programme 

(Covidence, Veritas Health Innovation Ltd, Australia). One reviewer (DL) 

screened the titles and abstracts of all identified publications against the 

eligibility criteria. Duplicates were excluded automatically by Covidence, but 

manually checked to make sure it was correct. Those not meeting the inclusion 

criteria were removed and the reason for exclusion was noted. Full texts were 

retrieved if the studies were considered potentially eligible. The full list of 

eligible studies were exported from Covidence to Microsoft Excel which 

included: study title, authors, journal and publication year.
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Following this, two reviewers (DL and Sara Wallace: SW) independently 

extracted further information on study design, country, study population 

demographics (sample size, age range and gender), methods of data collection 

and analysis, primary outcome in cases and controls if available, as well as the 

comparator result in serum if available, covariates and main conclusions. 

Disagreements were resolved through discussion. Mendeley was used for 

references to be cited quickly and easily, as well as for creating a reference 

list. 

 
2.4.4 Risk of bias assessment in individual and across studies 

The risk of bias was assessed by the principal author (DL) according to the 

individual study design, with the majority of studies being non-randomised. The 

Newcastle-Ottawa Scale (NOS) was used to assess the quality of non- 

randomised studies [191]. However, adaptations were made to ensure that the 

responses were suitable to assess the quality of the included studies 

(Appendix 2). Therefore, the non-response rate was edited to relate to the 

collection of saliva samples, while the ascertainment of the exposure was 

edited to relate to the quality assurance of the salivary laboratory measures. 

The same star system* was used to judge the case-control studies on three 

broad perspectives: selection (4 items) and exposure/outcome (3 items) and 

comparability (1 item). A star was given for each item under the selection and 

exposure/outcome domains and two stars under comparability. A maximum of 

9 stars was obtained to determine whether the evidence is of good, fair or poor 

quality. A good quality study has 3–4 stars in the selection domain AND 1–2 

stars in the comparability domain AND 2–3 stars in the exposure/outcome 

domain; a fair quality study has 2 stars in the selection domain AND 1–2 stars 

in the comparability domain AND 2–3 stars in the exposure/outcome domain; 

and a poor quality study has 0–1 stars in the selection domain OR 0 stars in 

the comparability domain OR 0–1 stars in the exposure/outcome domain [191]. 
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For cross-sectional studies an existing adapted NOS version was used [192]. 

This was further adapted with the same changes that were previously 

mentioned in relation to case-control studies (Appendix 2). A maximum of 10 

stars could be given, where 0-4 was unsatisfactory, 5-6 was satisfactory, 7-8 

was good and 9-10 was very good [192]. For randomised clinical trials, the 

Cochrane risk of bias tool was used to assess the quality of the studies. This 

was based on selection bias, performance bias, detection bias, attrition bias, 

reporting bias and other bias not covered [193]. For randomised cross-over 

trials, an existing adapted version of the Cochrane risk of bias tool was used 

to assess the quality of the studies [194]. For the before and after studies with 

no control group, the National Institute of Health quality assessment tool was 

used [195]. 

 
2.4.5 Data synthesis 

The type of summary conducted was a narrative synthesis, according to each 

salivary biomarker in relation to either nutritional status or dietary intake. In the 

data extraction table, the individual studies have been grouped according to 

nutritional status or dietary intake. This is due to the number of different salivary 

biomarkers that some studies assessed. A league table was then devised to 

help determine which salivary biomarkers should be explored further in 

Chapter 3. Due to the high level of heterogeneity between the other salivary 

biomarkers in studies, a meta-analysis was only possible for salivary glucose 

(n=12). The mean salivary glucose levels in those with T2D and controls were 

presented in a cumulative forest plot as standardised mean differences with 

95% confidence intervals (CI), using a random-effects model. A funnel plot was 

used to indicate any publication bias in relation to the salivary glucose meta-

analysis. No additional analysis was conducted as this was not considered 

appropriate. 
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2.5 RESULTS 

2.5.1 Study selection 

A flow chart of the screening and selection of studies is shown in Figure 2.1. 

Of the 6585 papers were identified, 4836 papers remained after removing 

duplicates, 4702 were irrelevant, 134 full-texts were assessed for eligibility and 

64 papers were included in the final analysis. The main reason for the 

exclusion of studies was that they did not have the appropriate outcome to be 

included.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1: PRISMA Flowchart 

 

2.5.2 Study characteristics 

Of the 64 included studies, 45 were classified as case-control studies, 10 

cross-sectional, five randomised controlled crossover trial, two before and after 

studies (with no control group), one RCT, and one study included both aspects 

of a cross-sectional study and a before-after study (with no control group) as 

shown in the data extraction table in Appendix 3. Studies were conducted in a 

number of countries including: 27 in Asia, 13 in Europe, 10 in South America, 

Records identified through database 

searching 

(Medline, Embase, Scopus, Web of 
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Records after duplicates removed 
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Studies included in analysis  

(n=64) 

Full-text articles 
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n=61 wrong outcome,  

n=8 wrong study 

design,  

n=1 saliva samples 

held in storage and no 

results yet 

Additional records identified through 

other sources (Google and 

references) 

(n=1 google), (n=14 references) 
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seven in North America, four in Africa, two in Australia and one in Oceania (i.e. 

Papua New Guinea). The total sample size was 14,191 participants, ranging 

from only six participants being studied up to 8,317 participants. Participants’ 

age varied from six weeks old to 65+ year olds, as studies were conducted in 

infants, children, adolescents, adults and older people. The included studies 

were all published between 1956 up until 2018 to maximise the number 

included in the systematic review. 

2.5.3 Synthesis of results 

2.5.3.1 Proteins 

2.5.3.1.1 Total Protein 

Of the 11 studies which reported the level of total protein in malnourished 

individuals, seven showed significant associations, although the results were 

inconsistent. Three studies found that total protein was significantly lower in 

malnourished children compared to controls [170,196,197]. Similar significant 

results were noted in young people and older adults living in slum conditions 

[170]. On the other hand, three studies found that total protein was significantly 

higher in malnourished adults [198] and children (6-36 months) [199] 

compared to controls, and also hospitalised older adults compared to 

outpatients [171]. One study found that total protein levels in children (6-36 

months) were significantly increased in edematous cases, significantly 

reduced in non-edematous cases (2nd grade marasmus), and increased in 3rd 

grade marasmus [200]. Three studies found that the level of salivary total 

protein was not significantly different in malnourished children compared to 

controls [201–203]. One cross-sectional study found that salivary total protein 

did not reflect serum protein levels in older adults [172]. 

One study reported significantly lower levels of total protein in children (eight 

months – ten years old) with IDA, which significantly correlated with serum 

protein [165]. Of the three studies reporting the level of total protein in obese 

individuals, two showed some significant associations. One found higher levels 

in obese children [204], but also greater breakdown of proteins (i.e. proteolysis) 

in obese male adults, both compared to normal weight controls [205]. However, 

the other study showed no significant difference in total protein levels between 

obese and normal weight children [206]. 
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Of the eight studies which reported the level of total protein in patients with 

T2D, two showed some significant associations, although results were 

inconsistent. One found lower levels of total protein in diabetic adults and older 

adults compared to controls [207]. However, the other study found higher levels 

amongst 3-15 year olds compared to controls [208]. The other six studies 

showed no significant findings amongst adults (40+ years old) [209– 214]. In 

the four studies which looked at the relationship between dietary protein 

intake and total protein in saliva, none found any significant associations, 

whether it was investigated in adolescents [215,216], adults [180,216], or older 

people [216]. There was also no significant relationship between the dietary 

intake of macronutrients (i.e. protein) and salivary TAS assessed using ferric 

reducing antioxidant power (FRAP) assay amongst pregnant adults [217]. 

2.5.3.1.2 Albumin 

 
Of the eight studies which reported the level of albumin in malnourished 

individuals, five showed significant associations, although the results were 

inconsistent. One study found lower levels of albumin in malnourished children, 

young people and older adults compared to controls [170]. Two studies found 

higher levels of albumin in children [199] and hospitalised older adults [171] 

compared to controls. Furthermore, one study found that albumin levels in 

children (6-36 months) was significantly increased in edematous cases, 

significantly reduced in non-edematous cases (2nd grade marasmus), and 

increased in 3rd grade marasmus [200]. One cross-sectional study found that 

salivary albumin significantly reflected serum albumin levels in older adults 

[172]. There were, however, three studies which did not find any significant 

difference between albumin levels in malnourished children compared to 

controls [202,203,218]. One study looked at the relationship between salivary 

albumin and weight and it found that dysmature infants (i.e. underweight) had 

significantly higher levels of albumin compared to controls [219]. There were 

two studies which looked at the relationship between dietary intake and 

albumin in saliva, but none found any significant association in adolescents 

[215,216] adults [216], or older people [216]. Only one study identified found 

significantly higher levels of albumin in T2D adults compared to controls [220]. 

2.5.3.1.3 Prealbumin (Transthyretin) 
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Three studies reported the level of salivary prealbumin in malnourished 

individuals, and they all found significant associations, although the results 

were inconsistent. One study found higher levels of prealbumin in children (6- 

36 months) [199]. One study found that prealbumin levels in children (6-36 

months) were significantly increased in edematous cases and significantly 

reduced in non-edematous cases (2nd grade marasmus), and increased in 3rd 

grade marasmus [200]. One cross-sectional study found that salivary 

prealbumin significantly reflected serum prealbumin levels in older adults [172]. 

2.5.3.1.4 Transferrin 

 
Transferrin levels were reported in four studies amongst malnourished 

individuals, and of this three studies found significant associations, although 

the direction of biomarker change was inconsistent. One study found lower 

levels of transferrin in children (5-15 years), adults and older people [170], but 

higher levels in children aged 6-36 months [199]. The other study found that 

transferrin levels were significantly increased in edematous cases and 

significantly reduced in non-edematous cases who were 2nd grade marasmus, 

and increased in 3rd grade marasmus in children (6-36 months) [200]. The 

other study found that transferrin levels did not differ significantly in dysmature 

infants (i.e. underweight) compared to controls [219]. 

2.5.3.1.5 Ferritin 

Only one study identified significantly lower salivary ferritin levels in 

malnourished children compared to controls [196]. In three studies reporting 

the level of ferritin in individuals with IDA, one found lower levels in children 

and adolescents with IDA [167]. The other two studies found higher levels in 

children and adolescents with IDA [166] and participants with IDA of unknown 

age [168] compared to controls. 

2.5.3.1.6 Essential Amino Acids 

 
One study reported that essential amino acids in saliva including: leucine, 

phenylalanine, lysine, valine, threonine, methionine, tryptophan, and total 

essential amino acids, were generally significantly increased in malnourished 

children (6-36 months), particularly amongst those with 3rd grade marasmus 
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malnutrition compared to controls [199]. 

2.5.3.2 Fat (including lipoproteins) 

 

Salivary lipoprotein levels were reported in two studies conducted in children 

(6-36 months), where one study found significantly increased levels in 

malnourished children [199] and the other found significantly increased levels 

in edematous cases and reduced levels in non-edematous 2nd grade 

marasmus and increased in 3rd grade marasmus [200] compared to controls. 

Only one study reported lipoproteins amongst T2D adults. They found that in 

both saliva and serum, cholesterol, triglycerides, low-density lipoprotein 

cholesterol (LDL-C) and very low-density lipoprotein cholesterol (VLDL-C) 

levels significantly increased, while high-density lipoproteins cholesterol (HDL- 

C) significantly decreased in T2D adults compared to controls [221]. However, 

salivary triglyceride levels were not significantly different in overweight/obese 

children compared to controls [206]. Salivary cholesterol levels were 

significantly but weakly correlated with serum cholesterol and non-HDL 

cholesterol amongst adults, and a positive correlation was observed between 

salivary cholesterol and BMI [222]. 

2.5.3.3 Carbohydrates 

 
2.5.3.3.1 Total Sugars 

 
One study found that salivary total sugars were higher in adolescents with T2D 

compared to controls, and salivary total sugars were able to characterise 90% 

as diabetic or non-diabetic [208]. However, no p values were stated in this 

paper so it is not clear if this difference was significant. 

2.5.3.3.2 Glucose 

 
One study assessed found no significant difference in salivary glucose levels 

between weight categories in adolescents [177]. In terms of salivary glucose 

levels and T2D, 12 studies were appropriate for a meta-analysis, as each study 

measured the levels of salivary glucose in those with T2D and controls, as 

shown in Figure 2.2. The units differed between the studies so a standardised 

mean difference and random-effects model was chosen. Findings showed that 

the mean was significantly higher in individuals with T2D by on average 1.26 
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standard deviations (SD) compared to controls (p<0.0001). However, 

substantial heterogeneity existed between the studies, as the I2 statistic was 

94%. 

 
 
Figure 2.2: Cumulative forest plot showing the effect of type 2 diabetes on standardised 
mean differences of salivary glucose levels compared to controls (Area of the squares 
represents sample size, continuous horizontal lines represent 95% CI and the diamond shape 
indicated the pooled random effects weighted estimate) 

Publication bias in the above meta-analysis of 12 studies was illustrated using 

a funnel plot as shown in Figure 2.3. The funnel plot was not symmetrical which 

could suggest publication bias in studies reporting on salivary glucose levels 

in those with T2D and controls. 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2.3: Funnel plot illustrating publication bias in the standardised mean difference 
of salivary glucose in cases with type 2 diabetes and controls 

 
Ten studies reported on the correlation between salivary glucose and serum 

glucose: a significant positive correlation was found in six studies measured in 

adults with T2D and controls [223–225] and in one cross-sectional study of 
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healthy men [226]. However, one study found that the salivary glucose and 

serum glucose only correlated in T2D, as salivary glucose was not detected in 

controls [227], while another study only showed a correlation between salivary 

glucose and fasting plasma glucose in those with T2D [228]. However, four 

studies found no significant correlation between salivary and serum glucose in 

adults with T2D and controls [207,229], amongst 19-72 year olds in a cross- 

sectional study [230] or between salivary glucose and serum fasting plasma 

glucose in older adults with T2D and controls [213]. 

2.5.3.4 Vitamins 

 
2.5.3.4.1 Vitamin C (ascorbic acid/ascorbate) 

 
The relationship between salivary ascorbic acid and dietary ascorbic acid 

intake reported in healthy adult males, found that salivary ascorbic acid levels 

was not a good indicator of ascorbic acid dietary intake [186] and, 

subsequently, salivary ascorbate should not be used to assess ascorbic acid 

status [185]. 

2.5.3.4.2 Vitamin D 

 
Only one study identified a reliable ratio between salivary 25-hydroxyvitamin 

D3 [25(OH)D3] and serum, and after 10 days of 25(OH)D3 supplementation 

salivary levels of 25(OH)D3 also significantly increased [231]. On the other 

hand, one study found that long-term supplementation of vitamin D combined 

with calcium, did not significantly affect the salivary level of calcium in women 

with osteoporosis [232]. 

2.5.3.4.3 Glutathione 

 
One study reported a weak positive association between salivary and blood 

glutathione in healthy people, but the finding was not statistically significant 

[233]. However, this study had a small sample size (n=15) and may be different 

in another population sample [233]. 
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2.5.3.4.4 Total Antioxidant Capacity, Status or Activity 

 
Inconsistent results were found in studies looking at the relationship between 

salivary total antioxidants and dietary antioxidants. A RCT in 30-65 year olds 

observed an increasing trend in salivary TAC levels amongst those with an 

increased dietary antioxidant intake [179]. Cross-sectional evidence in adults 

found a positive association between salivary TAC and simple carbohydrate 

dietary intake and an inverse association with complex carbohydrate dietary 

intake [180]. However, salivary TAC was not associated with the dietary intake 

of any micronutrient or macronutrient in pregnant women [217]. One study in 

adolescents with anorexia nervosa found significantly reduced levels of TAS 

in saliva and serum compared to controls [155]. The other study did not state 

the findings for TAS, so it is not clear if salivary TAS differed in obese men to 

controls [205]. Salivary total antioxidant activity (TAA) was significantly 

elevated in T2D individuals, of unknown age, compared to controls [228]. 

2.5.3.5 Minerals 

 
2.5.3.5.1 Calcium 

 
One study found that the level of salivary calcium was significantly lower in 

children with moderate/severe malnutrition compared to controls [201]. Of the 

two studies that reported the level of salivary calcium in relation to weight, no 

significant differences were found between overweight/obese children 

compared to normal weight controls [204,206]. Two cross-sectional studies 

found no significant relationship between salivary calcium and dietary calcium 

in adolescents [215] or adults [216]. Of the five studies that reported the 

relationship between salivary calcium and T2D, two found some significant 

associations, although the results were not consistent. One of these found 

significantly higher levels in adults and older adults with T2D [207] and the 

other found lower levels in children and adolescents [208] compared to 

controls. Salivary calcium levels were also able to be used to differentiate 

those aged 25-75 years old with T2D from controls [234]. However, two studies 

found salivary calcium levels in adults with T2D were not significantly different 

to controls [212,235]. 
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2.5.3.5.2 Chloride 

 
One study found that salivary chloride was significantly lower in children with 

moderate/severe malnutrition compared to controls [201], while one study 

found that chloride levels were not significantly different amongst adults with 

T2D compared to controls [212]. 

2.5.3.5.3 Iron 

 
Two studies found significant but inconsistent results for iron levels in 

individuals with IDA, as they were lower in children and adolescents [167], but 

higher in children aged 8-10 years [165] compared to controls. However, one 

study found that salivary iron could not differentiate those aged 25-75 years 

old with T2D from controls [234]. 

2.5.3.5.4 Iron Binding Capacity 

 
One of the previously mentioned studies, also reported the level of iron binding 

capacity to be significantly higher in children and adolescents with IDA 

compared to controls [167]. 

2.5.3.5.5 Fluoride 

 
Two studies in relation to salivary fluoride found non-significant results. 

Fluoride levels were not significantly different between overweight/obese 

children compared to controls [204], and no correlation was found between 

salivary fluoride and dietary fluoride intake in adolescents [215]. 

2.5.3.5.6 Magnesium 

 
One study found no significant effect of long-term supplementation of calcium 

and vitamin D on salivary magnesium levels in women with osteoporosis 

compared to controls [232]. However, one study found that salivary 

magnesium levels were able to differentiate adults and older adults with T2D 

from controls [234]. 

2.5.3.5.7 Phosphate/phosphorus 

 
Of the three studies which reported the level of salivary phosphate, two studies 

found significant differences, although the results were not consistent. One 

study found that overweight/obese adolescents had higher levels of phosphate 
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[175] and one found lower levels in children [204] compared to controls. 

However, the other study found no significant difference between 

overweight/obese children compared to controls [206]. There were two cross- 

sectional studies which found no significant relationship between salivary 

phosphate levels and dietary phosphate intake in adolescents [215,216] and 

amongst adults and older adults [216]. Two studies found that phosphorus 

levels were not significantly different between adults with T2D and controls 

[235] and phosphorus levels were not able to differentiate 25-75 year olds with 

and without T2D [234]. 

2.5.3.5.8 Potassium and Sodium 

 
Two studies found that salivary potassium levels were significantly elevated in 

adults with T2D compared to controls, whilst salivary sodium levels did not 

differ [212,235]. One study found that salivary sodium and potassium levels 

tended to be lower in boys (8-10 years) with nutritional dystrophy compared to 

controls, but it was not clear if this difference was significant as no statistical 

tests were conducted [236]. However, three studies found non-significant 

results, as salivary sodium and potassium levels were not significantly different 

between children with PEM and controls [201], amongst 16-60 year olds with 

and without IDA [237], or in women with osteoporosis taking calcium and 

vitamin D supplementation compared to controls [232]. 

2.5.3.5.9 Zinc 

 
Only one study found that salivary zinc levels had a positive relationship with 

weight in toddlers [238]. One study found that salivary zinc levels were able to 

differentiate T2D from healthy controls amongst 25-75 year olds [234]. 

However, two studies found no correlation between salivary zinc sediment and 

dietary zinc, reportedly consumed by vegetarian adults compared to controls 

[184] or amongst adolescents in a dietary intervention with no control group 

[183]. 

2.5.3.6 Trace Elements 

 
2.5.2.6.1 Copper 

 
One study found that salivary copper levels were low in saliva and did not 
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reflect dietary copper in healthy adult males [187]. One study found that 

salivary copper levels were not significantly different in 25-75 year olds with 

T2D compared to controls [234]. Other trace elements were also assessed in 

the same study and results showed that salivary aluminium, sulphur, beryllium, 

boron, cobalt, chromium, strontium, lithium, manganese, nickel, rubidium, 

titanium and vanadium were not able to differentiate T2D from healthy controls 

[234]. 

2.5.3.6.2 Nitrate and Nitrite 

 
One randomised controlled crossover study, found that healthy individuals 

aged 38-70 years old had significantly higher salivary and plasma nitrate and 

nitrite levels after consuming a high-nitrate diet, compared to those consuming 

a low-nitrate diet [181]. Another similar study found that only adults on a high- 

nitrate diet found a significant increase in both saliva and plasma nitrate and 

nitrite concentrations after seven days on a high-nitrate intake, and these 

levels returned to baseline seven days after cessation of the nitrate intake 

[182]. 

2.5.3.6.3 Nitric oxide (NO) 

 
One study found a positive correlation between BMI and salivary nitric oxide, 

however, the Youth Healthy Eating Index (YHEI) had a modest non-significant 

correlation with salivary NO concentration in primary school children [239]. 

2.5.3.6.4 Other 

 
One non-randomised crossover study investigated the levels of salivary 

choline, pyruvate, propionate, acetate, alanine, lactate, and propionate in 

adults [240]. However, saliva and plasma did not represent a sensitive 

metabolic profile that reflected acute dietary intake [240]. 

2.5.4 Quality of included studies 

 
Summary tables of the quality assessment are shown in Appendix 4 (A-E). The 

quality of case-control studies was highly variable, ranging from two to eight 

and an average score of 4.38 out of nine. Selection bias was possible in the 

majority of case-control studies, with the exception of seven studies 

considered to have a consecutive or representative set of cases 



65  

[184,204,212,224,232,234,235]. Case definition varied according to nutritional 

status, however 12 studies lacked detail or gave no description of the case 

definition [167,170,207,208,212,219,220,223,227,229,232,236]. Community 

controls were selected in 31 studies, while the other studies either recruited 

hospitalised controls or no description was given. 

 

Various studies controlled for different confounders including: age 

[165,170,219,227,228], gender [203,209], both gender and age 

[155,167,198,201,207,211,212,214,220,221,224,235],   both   age   and body 

weight [176,237] and both age and employment [217]. The remaining 23 case- 

control studies did not control for any potential confounding factors on the basis 

of design or analysis. The ascertainment of exposure was assessed according 

to the quality assurance of the laboratory measure of saliva, in terms of 

whether information was given on the method of saliva collection, amount 

collected, analysis method, amount required for analysis, blinded in analysis 

and CVs. All of the case-control studies lacked at least one or more of the 

above mentioned criteria for the ascertainment of exposure, indicating the poor 

quality of the information provided. In terms of the non-response rate, seven 

of the studies did not include any detail on the characteristics of the individuals 

whose saliva samples were not included in the analysis 

[196,198,204,208,211,213,218]. 

 
The quality of the cross-sectional studies ranged between two and five and 

had an average score of 3.64 out of 10. The selection criteria varied according 

to nutritional status, and found that seven studies out of 11 were considered to 

have a representative sample of participants [171,180,215,216,222,230,233]. 

In terms of the non-response rate, four studies did not include any detail on the 

characteristics of the individuals whose saliva samples were not included in 

analysis [180,215,216,222]. The ascertainment of exposure was assessed in 

the same way as case-control studies, and similarly all the studies lacked at 

least one or more of the criteria. Only three of these studies controlled for 

gender [222], and both age and gender [180,216], whilst the other studies did 

not account for any confounding factors. In terms of the assessment of 

outcome (nutritional status/dietary intake) some studies involved: blind 
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assessment [233], medical records/history [171,230], self-reported without 

nutritional condition [226], self-reported 24-hour dietary recalls 

[180,215,216,222], and validated measurement tools or cut-offs for nutritional 

status [172,238]. 

 
The overall quality of the one RCT was considered of fair quality, due to the 

study having two unclear criteria (i.e. allocation concealment and blinding of 

participants and personnel) [179]. However, it may not have been possible to 

blind participants as they could have worked out what group they were in. 

There were also five randomised controlled crossover trials, of which three 

were considered poor quality [185–187], one fair quality [181] and one good 

quality [240]. The reason for the three studies being considered of poor quality 

was because no randomisation was applied, allocation concealment was not 

possible and risk of detection bias was possible due to no blinding in the 

analysis of samples. There were three before and after studies with no control 

group. Of these studies, two were considered fair quality [183,231] and one 

good quality [182]. The reason for the studies being of fair quality was due to 

no clear time period for recruitment, it was a subgroup of the population, no 

sample size calculation, and no blinding occurred when assessing outcomes. 

 
2.6 DISCUSSION 

This is the first systematic review to investigate the utility of saliva and effect 

of various nutritional conditions and/or dietary intake on nutritional salivary 

biomarkers. This systematic review identified 64 studies which included: 49 in 

relation to different nutritional states, and 15 in relation to dietary intake. A 

number of potential nutritional salivary biomarkers were identified, primarily in 

whole saliva collected from different age groups. The larger evidence base for 

whole saliva was expected, as the collection of whole saliva, as previously 

described in Chapter 1, is deemed easier than glandular specific saliva. The 

findings in this chapter will help to inform which biomarkers should be explored 

further in Chapter 3. 
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2.6.1 Relationship between salivary biomarkers and nutritional status 

The salivary profile of total protein varies according to the presence or absence 

of PEM and this suggests that saliva may a useful tool in the assessment of 

PEM [197]. However, the results for salivary protein in relation to PEM has 

proved inconsistent. Significantly lower total protein levels were found in 

malnourished children [170,196,197], young people and older adults [170]. The 

level of total protein was also reduced in serum, and with increasing severity 

of PEM [196]. The saliva collection and analyses methods varied, as citric acid 

stimulated saliva was collected in children and analysed using the Lowry 

method [196], while unstimulated saliva was collected in children, young people 

and older adults and analysed using the Bradford and Lowry method, 

respectively [170,197]. This suggests that the use of both stimulated and 

unstimulated saliva collection is suitable in older adults, which is contrary to 

the low salivary rates often experienced by older adults due to multiple 

medications being associated with xerostomia [241]. The reason for lower total 

protein levels may be due to a reduced food intake, while PEM may lead to the 

reduced action of adrenergic mediators involved in saliva secretion [170]. 

However, as previously mentioned in Chapter 1, interpreting nutritional status 

in the presence of inflammation/infection is complex [120]. The discussed 

studies did not mention if participants were free-from infection and, therefore, 

the reduction in salivary total protein may not be the result of malnutrition, but 

due to an inflammatory process. 

 

Salivary total protein levels were significantly higher in hospitalised frail older adults, 

compared to outpatients using paraffin-wax stimulated saliva [171], and amongst 

malnourished adults using unstimulated saliva [198]. Both studies analysed total 

protein using the Lowry method. An older study found that children (6-36 months) 

free-from infection or any associated complication other than PEM, had significantly 

increased salivary total protein and essential amino acids in unstimulated saliva 

compared to controls [199]. Different methods were used to classify PEM including: 

weight for age [196], child growth World Health Organisation (WHO) standards [197], 

unknown method [170], standard cut-offs for kwashiorkor and marasmus [198,199] 
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and a medical history [171]. It is, however, suggested that a decreased volume of 

saliva produced may have resulted in the higher concentration of total protein 

[198,199]. However, three studies found no significant difference between 

malnourished children compared to controls using unstimulated saliva [202,203] and 

stimulated saliva [201], and were analysed using the Bradford and Lowry methods. 

These non-significant studies had smaller sample sizes, ranging between 32-135 

individuals, and may explain the non-significant findings. Despite the evidence being 

inconclusive and inconsistent, the use of salivary total protein has potential in 

relation to malnutrition. This biomarker should be explored further in this thesis, 

using serum-based kits to determine if the methodology is suitable. 

 
Stimulated salivary total protein levels were lower in children with IDA 

compared to controls, and correlated with reduced serum protein levels [165]. 

The analysis method was unknown and levels may be due to decreased serum 

protein levels and the fact that they suffered from hypoalbuminaemia. The level 

of salivary total protein in relation to overnutrition was conflicting, with levels 

being 26.2% higher in obese children using stimulated saliva and analysed 

using Folins Phenol reagent [204]. No significant difference was found in 

salivary total protein levels in obese children compared to normal weight 

controls, using either stimulated and unstimulated saliva and analysed using 

colorimetric methods [206]. Due to the conflicting evidence, the methods 

chosen may not be useful to assess total protein in overweight or obese 

children. 

 
The majority of studies found no significant difference in salivary total protein 

levels in those with T2D and controls [209–214]. These studies were 

conducted in adults using unstimulated saliva, but one study did not state the 

time of saliva collection [211]. However, other studies using unstimulated 

saliva found lower total protein levels in diabetic adults (18-84 years old) [207] 

and higher levels amongst 3-15 year olds [208] both compared to controls. 

Colorimetric methods were used to analyse samples, however only one of the 

studies clearly stated the Biuret method was used, which makes it difficult to 

compare the results [207]. Despite the significant studies being conducted in 
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South America, one included type 1 diabetes and T2D, so it is not clear which 

had the greater impact on salivary total protein levels [207]. The results may 

also differ due to the inclusion of different age groups. Furthermore, the 

measurement of salivary total protein, alongside salivary glucose, total sugars, 

and calcium, performed well in the discriminatory analysis, as they were able 

to characterise almost 90% of children (on insulin treatment) as either diabetic 

or non-diabetic [208]. This suggests that a combination of salivary biomarkers 

may be useful in the classification of T2D. 

 

Salivary albumin was measured in both unstimulated and stimulated saliva 

samples in relation to PEM, although results proved inconsistent. Levels 

increased using stimulated saliva in hospitalised older adults not free-from 

infection [171] and using unstimulated saliva in PEM children free-from 

infection [199]. Similar results were achieved using different analysis methods, 

electrophoretic separation of proteins [199] and spectrophotometer [171]. The 

strongest explanatory factor for albumin levels was the use of painkillers [171]. 

An increase in serum albumin may be due to an intravascular volume deficit or 

renal failure [242]. However, albumin levels determined using a 

spectrophotometer, decreased in unstimulated saliva of malnourished 

children, young people and older adults living in slum areas compared to 

controls [170]. However, it was not clear if participants were free-from infection 

[170], but corresponds with a reduction in serum albumin in malnourished 

individuals [87]. This is problematic as albumin is a negative acute-phase 

protein, which decreases in the presence of inflammation/infection, and this 

could explain why levels were significantly lower. Furthermore, the use of 

salivary albumin in unstimulated saliva significantly reflected serum albumin 

levels in older adults [172]. The studies which found no significant difference 

in salivary albumin between malnourished and nourished individuals, may be 

due to the inclusion of children with a clinical diagnosis of pneumonia [218]. 

Higher levels of inflammation may mask any reduction in albumin levels 

caused by malnutrition. The other two non-significant studies were conducted 

in Japan in 1977 and no-one were seriously ill at the time of the study 

[202,203]. These studies, however, did not use the same analysis methods, 

with immunodiffusion [202,218] and bromocresfugol green [203]. It is not clear 
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whether there is a preference for a particular saliva collection method 

according to age group. 

 

The measurement of albumin levels in unstimulated saliva was significantly 

higher in underweight infants compared to normal weight [219] and amongst 

adults with T2D [220]. Different methods may have been used as one study 

stated no method [219] and the other used a micro-albumin kit [220]. The 

findings may be due to the high permeability of physiological barriers, which 

allows more proteins with a lower molecular mass to pass into saliva [219]. 

Decreased salivary flow rates are common in those with T2D as they often 

experience xerostomia (i.e. 70% of T2D in study) [220]. This may have resulted 

in a lower saliva volume and, subsequently, higher levels of salivary albumin 

[220]. Another reason may be that serum albumin is substantially increased 

with acute inflammation of salivary glands, and subsequently, this can lead to 

increased leakage of serum albumin into saliva [220]. It is suggested that 

salivary albumin may be useful in relation to malnutrition and describing oral 

findings of diabetics, rather than identifying individuals with T2D. Therefore, 

salivary albumin should be explored further in this thesis, using serum-based 

kits to see if they are suitable. 

 

There is a lack of evidence for salivary prealbumin and malnutrition, and none 

in relation to other nutritional conditions. Levels of prealbumin measured in 

unstimulated saliva increased in malnourished children (6-36 months) free- 

from infection or any associated complication other than PEM in Egypt [199]. 

As previously mentioned for serum albumin, an increase in prealbumin levels 

may also be due to an intravascular volume deficit or renal failure [242]. 

Findings, however, did not correspond with the reduction in serum prealbumin 

observed in malnourished individuals [87]. In saying this, other research found 

that salivary prealbumin measured in unstimulated saliva, significantly 

reflected serum prealbumin levels in older adults [172]. It is not clear whether 

salivary prealbumin responds to malnutrition in the same way as serum 

prealbumin. Furthermore, salivary prealbumin levels were only detected in 

children with PEM rather than controls [200]. Evidence concluded that salivary 

proteins, such as prealbumin, may be useful in evaluating protein nutritional 
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status in older adults [172]. Therefore, evidence is promising and should be 

explored further within this thesis, to see if serum-based kits are appropriate. 

 

Lower levels of transferrin were measured in unstimulated saliva of children, 

adolescents, adults and older people living in slum areas, compared to healthy 

controls in India [170]. Since transferrin is also a negative acute-phase protein, 

levels can be reduced in the presence of both inflammation and malnutrition. 

However, it was not clear whether these individuals were free-from infection or 

other medical conditions. When the relationship was investigated in those aged 

6-36 months free-from infection, higher levels of transferrin were observed in 

unstimulated saliva in those with PEM, compared to healthy controls [199]. 

This is contradictory to the effect that malnutrition has on serum transferrin [87]. 

Results may also differ due to the different methods used to analyse salivary 

transferrin levels. Furthermore, transferrin levels measured in unstimulated 

saliva were not significantly different between underweight infants and normal 

weight infants [219]. Salivary transferrin levels can appear abnormally high if 

saliva samples are contaminated by blood, due to biomarkers being in a higher 

concentration in blood compared to saliva [243]. Therefore, salivary transferrin 

has been suggested as a biomarker of blood contamination, and dilution effects 

were observed for salivary transferrin using stimulated saliva [243]. It is also 

recognised that those with IDA can have elevated serum transferrin levels, due 

to increased iron absorption [87]. This can result in a false conclusion, as IDA 

could mask malnutrition, but it not clear if the same effect occurs in salivary 

transferrin. Limited evidence suggests that salivary transferrin may not be a 

useful nutritional biomarker, but a biomarker of blood contamination. 

Therefore, at present the evidence does not warrant it to be investigated further 

within this thesis. 

 

Stimulated salivary ferritin was lower in malnourished children compared to 

controls analysed using a serum-based ferritin kit [196]. Unstimulated salivary 

ferritin levels were lower in 6-25 year olds with IDA, and corresponded with 

reduced serum ferritin levels [167]. Unstimulated ferritin levels were, however, 

higher in 8-14 year olds with IDA, but it was not clear whether they were free- 

from infection [166]. Higher salivary ferritin levels were also observed amongst 
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individuals with IDA of unknown age and no saliva collection details were 

stated [168]. Higher levels were contradictory to the reduced serum ferritin 

levels in those with IDA [168]. It was assumed that the analysis was the same 

using a ferritin enzyme-linked immunosorbent assay (ELISA) [167,168], 

although one study only mentioned a ferritin assay [166]. Different results may 

be due to saliva being collected for two minutes [166], compared to 30 minutes 

which may have gave a larger sample to analyse [167]. It is not fully understood 

how IDA increased levels of salivary ferritin, but it is suggested that the body 

may try to maintain a higher concentration in saliva to aid conservation of iron 

and iron-dependent enzymatic functions in saliva [166]. As ferritin is a positive 

acute-phase protein, concurrent inflammation may also have led to increased 

levels of ferritin and, therefore, this may give the impression that IDA is not 

present. Evidence is promising as it suggests salivary ferritin may be a useful 

potential biomarker in the evaluation of iron stores and routine diagnosis of 

both an iron deficiency or an excess intake of iron. However, results are 

inconsistent, so further research is required within this thesis, using serum-

based kits. 

 

Lower levels of unstimulated salivary iron were found in children and 

adolescents with IDA as analysed using serum-based assays [167]. This 

corresponded with reduced serum iron in those with IDA [167]. This 

demonstrates that saliva is considered a mirror of the body. However, 

stimulated salivary iron levels were significantly higher in children with IDA 

[165]. These findings are contradictory to the reduced serum iron levels 

observed in those with IDA [165]. It is promising, as both studies found a 

significant correlation between salivary and serum iron levels in those with IDA 

[165,167]. Higher iron levels is thought to be due to the body trying to maintain 

a higher concentration of iron in saliva of those with IDA, and the need for iron 

in salivary iron-dependent enzymatic functions [165]. Findings may also differ, 

as the use of different saliva collection methods can affect saliva composition 

[134]. There may also have been a difference in how long saliva was collected, 

as one study did not state this information [165], while it was collected for 30 

minutes in the other study [167]. The studies were conducted 20 years apart 

and involved different age ranges which may have affected the measurement 
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of salivary iron levels. Furthermore, total iron binding capacity levels in 

unstimulated saliva were significantly higher in children and adolescents with 

IDA compared to controls [167]. Salivary iron levels have also been measured 

in adults and older adults with T2D, however levels were not able to 

differentiate T2D from controls [234]. Despite conflicting results, evidence 

suggests salivary iron as a potential biomarker of IDA. Therefore, further 

research is required within this thesis, in relation to salivary iron using serum- 

based methods. 

 
The meta-analysis, as previously shown in Figure 2.2, was conducted in 

individuals with T2D and controls, with the continuous outcome being salivary 

glucose. The current meta-analysis findings support a previous meta-analysis 

conducted in 2014, which found that salivary glucose levels were significantly 

increased in individuals with T2D [169]. The higher level of salivary glucose 

may be due to the increase in serum glucose levels in those with T2D. This is 

supported by the positive correlation between salivary and serum glucose in 

adults with T2D and controls [223–226]. A closer relationship, however, was 

observed between saliva and serum glucose in the diabetic group [224]. 

Salivary glucose was not detected in unstimulated saliva of controls and only 

in adults with T2D, and this study was not included in the meta-analysis [227]. 

The reason for no detection of glucose in saliva is not clear, as it used the 

same saliva collection method and a colorimetric glucose test kit [227]. 

 

However, substantial heterogeneity existed (I2 =94%) as the absolute values 

for the mean salivary glucose levels varied greatly between studies. The 

reasons for high level of heterogeneity may be due to different age groups 

included: adults [207,209,210,212,214,223–225,229], children and 

adolescents [208], older adults [213] and one study did not state the age of the 

participants included [228]. Out of these studies, two studies included both 

controlled and uncontrolled T2D [209,214], one study did not separate type 1 

diabetes and T2D [207], and one study looked specifically at T2D in obese and 

non-obese individuals [210]. In this meta-analysis, the separate categories 

mentioned here were combined to give the mean result for the T2D group 

compared to controls which may have affected the results. One study collected 
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stimulated saliva, however only unstimulated baseline results were included in 

the meta-analysis so results were comparable [224]. Furthermore, the funnel 

plot shown in Figure 2.3 for this meta-analysis was not symmetrical and may 

suggest publication bias.  

 

Furthermore, glucose levels in unstimulated saliva showed no significant 

difference between weight categories with the use of colorimetric assay kit 

[177]. Obesity was not related to elevated glucose concentrations and, 

therefore, salivary glucose as discussed above may be more useful in the 

diagnosis of T2D. The results do, however, support the potential use of 

glucose, measured in unstimulated saliva, as a biomarker for T2D and general 

monitoring of glucose levels in all age groups. However, this biomarker should 

be explored further in this thesis using serum-based methods. 

 

Higher levels of unstimulated salivary total sugars were found in children and 

adolescents with T2D, analysed using the phenol sulphuric method [208]. This 

result was expected as glucose levels were generally significantly increased in 

those with T2D. However, only one study was identified so these findings will 

not be explored further in this thesis. 

 
Limited evidence suggested that lower levels of TAS were observed in 

anorexic adolescents compared to healthy controls, using both stimulated and 

unstimulated saliva and TAS colorimetric assay kits (Randox, UK) [155]. 

Therefore, serum TAS may be reflected in salivary TAS, and this reduction 

may be the result of a reduced dietary intake in anorexic individuals, 

particularly from fruit and vegetables (i.e. antioxidants). This suggests that 

salivary TAS might be a non-invasive and reliable source of potent nutritional 

biomarkers [155]. Unstimulated salivary TAA analysed using the FRAP assay 

found higher levels in T2D compared to controls [228]. However, participants 

were of unknown age and so it is not clear if the findings are generalizable. 

Rather than the combined effect of antioxidants, research investigated whether 

saliva could replace blood measurements for health monitoring, using an 

individual antioxidant, salivary glutathione, as it is the most abundant thiol 

biomarker in the body [233]. Due to the weak correlation between unstimulated 
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saliva and serum glutathione, salivary glutathione may not be an appropriate 

marker of general health in healthy volunteers [233]. However, it may be used 

as a biomarker of specific diseases [233]. Therefore, the combined effect with 

other salivary antioxidants may give a better indication of antioxidant status. 

The current evidence is promising in relation to TAS, however no firm 

conclusions can be made at present, and therefore this biomarker should be 

explored further in this thesis using serum-based methods. 

 

Lower levels of salivary calcium in stimulated whole saliva were observed in 

children with PEM compared to controls using a spectrophotometer [201]. 

However, the experimental group were not extremely malnourished and only 

30% were of normal nutritional status in the control group which may have 

influenced the results [201]. Both stimulated and unstimulated saliva did not 

show any significant differences between overweight/obese children and 

controls using colorimetric testing [204,206]. However, the use of an atomic 

absorption spectrophotometer to test unstimulated saliva in postmenopausal 

women with osteoporosis, found that long-term vitamin D supplementation 

combined with calcium had no effect on salivary calcium levels [232]. It is not 

clear why this finding occurred, but perhaps serum calcium levels are 

influenced instead, although this was not investigated. 

 
Conflicting findings suggested that salivary calcium levels differ in younger 

(lower levels) [208] and older people (higher levels) [207] with T2D compared 

to controls. Lower levels may have been due to the binding of calcium with 

specific salivary proteins and, subsequently, higher levels if binding was not 

effective [208]. However, no p-value was stated so it is unknown whether the 

finding was significantly different to controls [208]. Both studies used similar 

colorimetric methods for analysis, however unstimulated saliva was collected 

using the spitting method [207] and sterile syringe method avoiding contact 

with the epithelia [208]. This difference in results could be due to the different 

saliva collection and analysis methods chosen. However, two studies did not 

find any significant difference between unstimulated salivary calcium in T2D 

adults and controls using spectrometry [212,235]. Furthermore, unstimulated 

salivary calcium analysed using inductively coupled plasma mass 
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spectrometry (ICP-MS), was useful in discriminating (90%) between those 

aged 25-75 years old with T2D and controls [234]. As there is a lack of 

evidence at present to conclude whether or not salivary calcium levels is 

affected by PEM, T2D, obesity or supplementation in osteoporotic women, this 

biomarker will not be explored further in this thesis.  

 

Limited evidence exists in relation to salivary vitamin D. The quantification of 

the circulating form of vitamin D, 25-hydroxyvitamin D (25(OH)D3), found that 

after 10 days of supplementation there was a significant increase in salivary 

levels of 25(OH)D3 measured in unstimulated saliva of healthy volunteers 

[231]. The level of 25(OH)D3 in saliva was less than one thousandth of that in 

serum, but still significantly correlated with serum 25(OH)D3 [231]. This 

involved the liquid chromatography-tandem mass spectrometric method and 

saliva was suggested as a non-invasive tool for the assessment of vitamin D 

status, or diagnosis of a disease caused by a vitamin D deficiency [231]. This 

study had a small sample size and so it cannot be concluded based on one 

study, if changes in serum vitamin D are reflected in salivary vitamin D and, 

therefore, this biomarker will not be explored further in this thesis. 

 
Lipoproteins analysed in unstimulated saliva were increased in malnourished 

children using electrophoretic separation of protein components [199,200]. 

These findings correspond to the increase in salivary total protein levels, 

however no specific lipoproteins were stated so it is not clear which may be 

affected by malnutrition [199,200]. However, both studies were conducted in 

1978 and have not been investigated since in relation to malnutrition, 

suggesting that salivary lipoproteins may not be useful biomarkers of 

malnutrition. In 2011, research indicated that specific salivary and serum 

lipoproteins (i.e. HDL-C, LDL-C, and VLDL-C), as well as cholesterol and 

triglycerides, similarly affected adults with T2D [221]. Findings suggested that 

unstimulated saliva and enzymatic methods to analyse lipoprotein components 

was promising in adults with T2D [221]. However, if children are obese and 

have T2D, both unstimulated and stimulated salivary triglyceride levels may 

not be useful as no difference was found compared to healthy weight controls 

[206]. Stimulated salivary cholesterol using thin-layer chromatography may be 
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useful to identify adults with high serum cholesterol levels [222]. Overall, 

salivary fat may be useful as a biomarker in relation to cholesterol levels, but 

the methods may not be feasible due to time constraints and so it will not be 

investigated further in this thesis.  

 

Significantly lower levels of stimulated salivary chloride were observed in 

malnourished children [201]. It is not clear why the levels reduced, but perhaps 

it may be due to a reduced dietary intake and, subsequently, a reduced 

nutritional status. The use of unstimulated saliva showed no differences in 

chloride levels in adults with T2D [212]. Both studies analysed salivary chloride 

using atomic absorption spectrometry, but differed in terms of saliva collection 

methods and nutritional states which may have affected the results. Due to the 

lack of existing evidence to make any firm conclusions, salivary chloride will 

not be explored further in this thesis. 

 
The measurement of stimulated salivary fluoride analysed using a fluoride 

selective electrode in relation to weight categories was not significantly 

different in children [204]. Findings may be due to the effect that systemic or 

topic use (e.g. fluoride in water) that fluoride can have on the concentrations 

in saliva, such that salivary fluoride is not affected by nutritional status [204]. 

Due to the lack of existing evidence to firm any conclusions upon, salivary 

fluoride will not be explored further in this thesis.  

 

Findings suggest that magnesium can be measured in unstimulated saliva of 

women with osteoporosis and analysed using atomic absorption spectrometry, 

however no significant difference was observed in salivary magnesium levels 

upon long-term supplementation of calcium and vitamin D [232]. It is not clear 

why this finding occurred, but perhaps the use of stimulated saliva may have 

shown different results. Magnesium levels were able to differentiate T2D adults 

and older adults from healthy controls, with the use of unstimulated saliva and 

analysed using ICP-MS [234]. However, it is not possible to draw any 

conclusions from one significant finding, and other salivary biomarkers (i.e. 

glucose) have a stronger evidence base in relation to T2D and so salivary 

magnesium will not be explored further in this thesis. 
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The measurement of salivary phosphate varied according to age group and 

saliva collection method, with higher levels in overweight/obese adolescents 

using unstimulated saliva samples with mass spectrometry [175] and lower 

levels in overweight/obese children using stimulated saliva with colorimetric 

testing [204]. The increase shown in phosphate levels, without any change in 

plasma levels, may be a potential early biomarker of eventual obesity 

development [175]. More recent evidence found no significant difference in 

unstimulated or stimulated salivary phosphate in overweight/obese children 

compared to controls, using colorimetric methods [206]. These results are 

conflicting, but may be due to the small sample sizes in all three studies. 

Furthermore, the use of salivary phosphorus measured in unstimulated saliva, 

did not distinguish T2D from controls using ICP-MS [234], and suggested that 

salivary phosphate was not a suitable biomarker of T2D [235]. The evidence 

is not strong enough to prioritise exploring salivary phosphate further over 

other potential biomarkers in this thesis. 

 
Levels of unstimulated salivary sodium and potassium were lower in 

malnourished children, analysed using spectrometry [201]. However, no 

significant difference was found in sodium or potassium using unstimulated 

saliva and a flame photometer in children [236]. These results may differ as 

the level of malnutrition varied, and different collection and analysis methods 

were used. Evidence suggested that increased levels of potassium, but not 

sodium, in unstimulated saliva may be a biomarker of T2D, analysed using 

either flame emission spectrometry or spectrometry [212,235]. Levels of both 

biomarkers in unstimulated saliva of osteoporotic women did not differ to 

controls using spectrometry [232]. Furthermore, the use of stimulated saliva 

and flame photometry, in relation to adults with IDA, did not appear to be a 

useful biomarker [237]. These non-significant findings may suggest that the 

methods used were not appropriate to detect the biomarkers. Therefore, the 

current evidence is not strong enough to prioritise exploring these biomarkers 

further in this thesis. 

 
The use of unstimulated salivary copper and other trace elements were not 
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able to differentiate T2D adults and older adults from healthy controls, 

analysed using ICP-MS [234]. However, the current methods may not have 

been appropriate for detecting salivary copper or other trace elements. At 

present, the findings suggest that these biomarkers are not useful in relation 

to T2D and, therefore, they will not be explored further in this thesis. 

 

The measurement of salivary zinc in unstimulated saliva of children, 

significantly correlated with nutritional status [238]. However, this study was of 

poor quality and so findings cannot be relied upon. Unstimulated salivary zinc 

was able to differentiate those aged 25-75 years old with T2D from healthy 

controls using ICP-MS [234]. However, there is a stronger evidence in relation 

to the use of salivary glucose and T2D. Salivary sediment zinc levels were 

reduced following a decrease in fat-mass, amongst 14-18 year old females, 

and so it may be useful in obesity research [183]. Despite significant findings, 

the evidence in relation to different nutritional states is based on single studies, 

and so salivary zinc will not be explored further in this thesis. 

 

2.6.2 Relationship between salivary biomarkers and dietary intake 

Significant associations existed between dietary intake and salivary TAC using 

Trolox Equivalent Antioxidant Capacity (TEAC) and Oxygen Radical 

Absorbance Capacity (ORAC) assays amongst adults [179,180] using 

unstimulated saliva [180] and unknown collection method [179]. Furthermore, 

the FRAP assay did not find any significant association between salivary TAC 

and micronutrient or macronutrient intake in pregnant women [217]. Findings 

suggested that the TEAC or ORAC assay may be more sensitive than the 

FRAP assay, in detecting an increase in salivary TAC, in those with an 

increased consumption of fruit and vegetables assessed using a three-day 

food diary [179]. The ORAC assay suggested that saliva composition may 

change to some extent according to an individual’s usual diet, but only for 

carbohydrate intake, assessed using a 24-hour dietary recall [180]. For 

example, a higher intake of complex carbohydrate was associated with a lower 

level of salivary TAC and, a higher intake of simple carbohydrate was 

associated with a higher level of salivary TAC [180]. As uric acid is the major 

component of TAC, the latter finding may be explained by simple 
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carbohydrates increasing the level of uric acid in the blood circulation, and 

consequently into saliva fluid [180]. The results may differ due to the use of 

different assays or population groups. Therefore, salivary TAC/TAS may be 

useful in reflecting dietary antioxidant intake or carbohydrate intake, and 

should be explored further in this thesis using serum-based assays. 

 

A significant relationship was observed between dietary nitrate/nitrite and salivary 

nitrate/nitrite levels using gas chromatography-mass spectrometry [181,182]. 

Findings suggested that an increased consumption of dietary nitrate from spinach and 

green leafy vegetables, resulted in an increase in salivary and plasma nitrate and 

nitrite levels in adults and older adults [181,182]. This can be explained by dietary 

nitrate, along with nitrate produced from NO, both entering the enterosalivary 

nitrate-nitrite-NO-pathway, and then nitrate is absorbed from plasma into the 

salivary glands [181]. The saliva collection method was not detailed apart from stating 

collection was five minutes, while dietary intake was recorded using a food diary 

[181,182]. The findings suggest that salivary nitrate/nitrite is successful in validating 

nitrate dietary intake. However, the measurement of salivary nitrate/nitrite is very 

restrictive and would not be suitable for a quick measurement, as it requires 

individuals to avoid mouthwash two weeks prior to their study visit [181]. Therefore, 

it is not possible to explore this salivary biomarker further in this thesis, as this 

requirement cannot be achieved. In relation to unstimulated salivary NO, one study 

found a non-significant modest positive correlation with the YHEI in primary 

school children [239]. Salivary NO levels did, however, significantly correlate with 

BMI, as those with a higher BMI had higher levels of salivary NO [239]. This suggests 

that salivary NO levels may be of use in obesity research, however this biomarker will 

not be explored further as the evidence base is stronger for other biomarkers. 

 
Two studies investigated stimulated salivary zinc sediment with the use of a 

spectrophotometer, in relation to dietary intake amongst adolescents [183] and 

adults [184]. They both concluded similar findings and, suggested that cellular 

levels of zinc does not change according to dietary zinc intake [183,184]. 

Dietary intake was assessed using a similar method, one 24-hour recall in the 

case-control study [184] and four 24-hour recalls in the before-after study with 
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no control group [183]. Despite the different study designs, age groups, and 

being conducted 30 years later in vegetarians, the same non-significant 

findings were suggested. Therefore, salivary zinc in relation to dietary zinc 

intake will not be explored further in this thesis. 

 

Only one study looked at the metabolomics profile using a H-nuclear magnetic 

spectra of unstimulated saliva (i.e. choline, pyruvate, propionate, acetate, 

alanine, lactate, and propionate), and found that saliva and plasma did not 

represent a sensitive metabolic profile that reflected acute dietary intake in 19- 

31 year olds [240]. Dietary intake was not collected to analyse nutrient intake, 

instead it was used to help identify foods that may influence the biofluid 

metabolic profile [240]. Furthermore, no significant association was found 

between stimulated salivary fluoride and dietary fluoride intake in adolescents, 

using a fluoride electrode [215]. Dietary information was collected using three 

24-hour dietary recalls to give an indication of average nutrient intake [215]. 

However, the use of multiple food diaries may have given a better indication of 

usual diet and may have affected results. Amongst adults, stimulated salivary 

cholesterol levels positively correlated with BMI, analysed using a thin-layer 

chromatography and scanning densitometer [222]. Overall, these non- 

significant findings of salivary biomarkers and dietary intake suggest that saliva 

may not be useful to reflect acute dietary intake of the discussed biomarkers 

and, therefore, they will not be explored further in this thesis. 

 

Salivary ascorbic acid was not considered a good indicator of ascorbic acid 

intake in young healthy men, whereas plasma levels were considered the most 

reliable marker of ascorbic acid [186]. During controlled periods of ascorbic 

acid depletion and supplementation, salivary ascorbate levels did not 

correspond to intake, indicating that the lingual ascorbate acid test was not an 

appropriate measure of ascorbic acid status [185]. Both studies produced 

similar results despite the use of different analysis methods. The assessment 

of salivary copper in stimulated parotid saliva, analysed using spectrometry, 

showed that salivary copper levels were low and did not reflect dietary copper 

intake [187]. These three studies followed men for three months, but provided 

no detail on how dietary data were collected, studies had small sample sizes 
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and were conducted in the 1980/90s in healthy young men. It is noted that 

dietary intake could be assessed for a longer period of time, with a greater 

level of detail, to give a better indication of its relationship to salivary 

biomarkers. Results may differ in individuals of different nutritional status, non- 

healthy populations, females and the use of different saliva collection methods. 

Therefore, salivary ascorbic acid, ascorbate or copper will not be explored 

further in this thesis, as they are not considered suitable biomarkers of dietary 

vitamin C or dietary copper intake. 

 

Other salivary biomarkers were not associated with the corresponding nutrient 

intake. The level of salivary total protein was analysed using either the Lowry 

or Bradford method [180,215,216], while albumin was analysed with either 

electro-immunoassay or partigen immunodiffusion plates, calcium was 

analysed using spectrophotometry and phosphate was analysed using 

colorimetric methods [215,216]. No relationship was observed between 

salivary sodium levels and sodium intake using spectrophotometry or 

chromatography [180,216]. Findings were based on studies with different age 

groups (adolescents to older adults), and both unstimulated and stimulated 

saliva collection methods. Furthermore, TAS assessed using the FRAP assay, 

did not find any significant association with dietary protein intake, in pregnant 

women using unstimulated saliva [217]. However, the studies were cross- 

sectional, and so they cannot confirm any cause and effect relationship 

between salivary biomarkers and dietary intake, with the exception of one 

case-control study [217]. Results may be non-significant due to the recruitment 

of healthy populations or differences in saliva collection as the time of saliva 

collection was unknown in two studies [180,217]. These non-significant 

findings may also suggest that the methods may not be suitable or that the 

biomarkers in saliva are inappropriate in reflecting dietary intake. These 

biomarkers will not be explored further in relation to dietary intake, with the 

exception of TAS as previously mentioned to reflect dietary antioxidant intake. 
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A league table of nutritional salivary biomarkers based on existing evidence 

was developed, to determine which biomarkers should be explored further in 

Chapter 3, as shown in Table 2.1. This was based on the strongest evidence, 

methods and volume of saliva required for analysis. Findings suggested that 

total protein, albumin, glucose, iron, prealbumin, ferritin and TAS may be 

potential salivary biomarkers of nutritional status and/or dietary intake. This is 

because some studies found that total protein was detectable in relation to 

different nutritional states including: PEM, IDA, T2D and obesity, and 

measured in relation to dietary protein intake. Other studies found that albumin 

and prealbumin were detected in those with PEM, while albumin was 

detectable in those with T2D and levels were compared against dietary intake. 

Ferritin was detected in those with PEM and IDA, while iron was detected in 

those with IDA and T2D. Glucose was detected in those with T2D and obesity, 

while TAS was measured in saliva in relation to dietary antioxidant intake. 
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Table 2.1 League table based on systematic review evidence of salivary biomarkers in relation to nutritional status 
and/or dietary intake 

Salivary Biomarkers Nutritional status / 
Dietary Intake 

Significant evidence Method of analysis Volume required Feasible? 

1. Total Protein  Protein energy/ 
calorie 
malnutrition 

 7 out of 11 significant 
 

 3/11 lower levels 

 3/11 higher levels 

 1/11 lower and higher 
levels in those 
malnourished 

 4/11 no significant 
difference 

 Lowry assay 

 Bradford assay (i.e. 
Coomassie blue 
method) 

 Biuret method 

 3ml of saliva 
required for protein 
estimation 

 1-2ul of saliva in 
analysis (0.0001- 
0.002ml) 

Yes – focus 
should be on 
the use of 
protein in 
relation to 
malnutrition 

The use of 
stimulated 
saliva collection 
in DENHAB has 
produced 
between 3-6ml 
of saliva 

   Iron deficiency 
anaemia 

 1 out of 1 significant 
(lower levels in those 
with IDA) 

 1ml of 10% 
trichloroacetic acid 
added to saliva, 
dissolved in NaOH 

 1ml of saliva 
added to 
trichloroacetic acid 
– 0.1ml required 
for analysis 

Not sure – lack 
of evidence 

   Obesity  2 out of 3 significant 
 

 1 no significant 
difference among o/w, 
obese and normal 

 1 higher levels in 
  obese  

 Colorimetric methods 

 Lowry assay (Folins 
phenol reagent) 

 Bradford assay 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – focus 
should be on 
protein relation 
to malnutrition 
as more 
important 
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    1 higher (proteolysis 

higher in obese 
compared to controls) 

   

   Dietary intake  0 out of 4 significant  Lowry assay 

 Bradford assay 

 15ml collected 

 5ml collected – 
2ml used in 
analysis 

 Other biomarkers 
analysed in the 
samples as well as 
protein 

No – no 
correlation 
between 
nutrient intake 
and salivary 
composition 

   T2D  2 out of 8 significant 
 

 1/8 lower levels in 
diabetics than controls 

 Biuret method 

 Lowry method 

 Bradford method 

 Colorimetric methods 
(bovine serum 
albumin) 

 High performance 
liquid 
chromatography 

 Biolabo salivary kit 

 Pyrogallol red dye by 
endpoint method 

 200ul required for 
analysis 

No – total 
protein should 
not be focused 
on in relation to 
diabetes 

  1/8 higher levels in 
diabetics than controls 

 

 
 6 no significant 

difference between 
diabetic cases and 
controls 

 

2. Glucose  T2D  12 out of 15 
significant 

 

 3/15 Higher levels in 
diabetics and 
significant correlation 
with serum glucose 

 Salivary kit using the 
glucose oxidase and 
peroxidase method 
and 
spectrophotometer 
(Colorimetric 
methods) 

 Human glucose 
colour kit 

 Glucose test kit 
(glucose 
Liquicolour) 

 At least 1.5ml 
collected 

 10ul required for 
analysis (in 2 
papers) 

 5ml collected and 
200ul required for 
analysis (in 2 
papers) 

Not sure – 
evidence is 
strong for this 
but a lot of 
studies already 
in this area 

   
 7/15 higher levels in 

diabetics and no 
correlation with serum 
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   glucose as not 
measured 

 

 1/15 no sig difference 
in levels but sig 
correlation in saliva 
and serum 

 

 2/15 Correlation 
between saliva and 
serum 

 

 1/15 no difference and 
no correlation in saliva 
and serum 

 

 1/15 No correlation 

  0.01ml (10ul) 
required for 
analysis 

 100ul required for 
analysis 

 

   Obesity  0 out of 1 significant  Colorimetric/ 
Fluorometric assay 
kit – 
spectrophotometer 

 400ul stored and 
30ul required for 
analysis 

No – focus will 
not be on 
obesity 

3. Albumin  Protein energy/ 
calorie 
malnutrition 

 5 out of 8 significant 

 
 

 1/8 lower levels 
 

 2/8 higher levels 
 

 1/8 lower and higher 
levels 

 
 1/8 albumin 

significantly reflected 
serum 

 Bromocresol green 
method 

 Two-site enzyme 
immunoassay 

 Electrophoretic 
separation of protein 
components 

 Electro- 
immunodiffusion 

 Spectrophotometer 

 Low level 
immunodiffusion 
plates 

 1ml collected 

 4-5ml collected 

 10ml collected 

 2-4ml collected 

 Not stated how 
much required for 
analysis (other 
biomarkers 
analysed in the 
samples as well as 
albumin) 

Yes – should be 
okay as the 
majority of 
previous studies 
collected up to 
5ml – the use of 
stimulated 
saliva collection 
in DENHAB has 
produced 
between 3-6ml 
of saliva 
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 3/8 no significant 

difference 

   

   Underweight 
(dysmature) 

 1 out of 1 significant 

 Higher levels in 
dysmature infants 

 No method stated  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence and no 
clear methods 

   Dietary intake  0 out of 2 significant 
 

 No associations 

 Rocket immune 
electrophoresis 
(electro- 
immunoassay) 

 LC0-Partigen 
immunodiffusion 
plates 

 15ml collected 

 5ml collected – 
2ml used in 
analysis 

 Other biomarkers 
analysed in the 
samples as well as 
albumin 

No – lack of 
supportive 
evidence 

   T2D  1 out of 1 significant 

 Higher levels in 
diabetics (T2D) 

 Nephelometric 
method – micro- 
albumin kit 

 Unknown amount 
of saliva collected 
or required for 
analysis 

No – lack of 
evidence for 
albumin in 
diabetics 

4. Iron  Iron deficiency 
anaemia 

 2 out of 2 significant 
 

 1 out of 2 higher 
levels 

 1 out of 2 lower levels 

 Modified Hallgren 
methods – could not 
find this reference 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

Yes – although 
small number of 
studies 

   T2D  0 out of 1 significant  Inductively coupled 
plasma mass 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 
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5. Prealbumin 
(transthyretin) 

 Protein energy/ 
calorie 
malnutrition 

 3 out of 3 significant 
 

 1/3 higher levels 

 1/3 lower and higher 
levels 

 1/3 prealbumin 
significantly reflected 
serum levels 

 Electrophoretic 
separation of protein 
components 

 Two-site enzyme 
immunoassay 

 4-5ml collected 

 Not stated how 
much required for 
analysis (other 
biomarkers 
analysed in the 
samples as well as 
prealbumin) 

Yes – should be 
okay as the use 
of stimulated 
saliva collection 
in DENHAB has 
produced 
between 3-6ml 
of saliva 

6. Total antioxidant 
capacity (TAC) 

 Dietary TAC  2 out of 3 significant 
using TEAC assay 
(significant trend 
p=0.06) and ORAC 
assay 

 FRAP assay – not 
significant 

 TEAC assay 

 ORAC assay 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

Yes may be 
suitable 

7. Total antioxidant 
status (TAS) 

 Anorexia 
nervosa 
(underweight) 

 1 out of 2 significant 

 Significantly reduced 
in anorexic 

 TAS colorimetric 
assay kit (Randox) 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

Possibly as 
similar to TAC 

8. Total antioxidant 
activity 

 T2D  1 out of 1 significant 
Elevated in T2D 

 FRAP assay  Not stated how 
much saliva 
collected or 
required for 
analysis 

No 

9. Ferritin  Protein energy/ 
calorie 
malnutrition 

 1 out of 1 significant 
(malnourished had 
significantly lower 
levels) 

 Commercially 
available ferritin kit 

 3ml of saliva 
required for ferritin 
estimation 

Lack of 
evidence for 
malnutrition 

   Iron deficiency 
anaemia 

 3 out of 3 significant 
 

 2/3 higher levels 
 

 1/3 lower levels 

 Commercially 
available ferritin kit 

 Solid phase enzyme- 
linked 
immunosorbent 

 Yes – should be 
okay as the use 
of stimulated 
saliva collection 
in DENHAB has 
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    assay technique 
using a commercially 
available ferritin kit 

 Ferritin assay 

 produced 
between 3-6ml 
of saliva 

10. Transferrin  Protein energy/ 
calorie 
malnutrition 

 3 out of 3 significant 
 

 1/3 higher levels 

 1/3 lower levels 

 1/3 lower and higher 
levels 

 Electrophoretic 
separation of protein 
components 

 Method by Wilson 
and Walker – could 
not find this 
reference 

 4-5ml collected 

 10ml collected 

 Not stated how 
much required for 
analysis (other 
biomarkers 
analysed in the 
samples as well as 
transferrin) 

Yes – should be 
okay as the use 
of stimulated 
saliva collection 
in DENHAB has 
produced 
between 3-6ml 
of saliva 

   Underweight 
(dysmature) 

 0 out of 1 significant 

 Not significantly 
different 

 No method stated  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

11. Total Iron 
binding 
capacity 

 Iron deficiency 
anaemia 

 1 out of 1 significant 

 significantly higher in 
the iron deficiency 
group 

 Unknown  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

12. Vitamin D  Vitamin D status 
and after vitamin 

D3 

supplementation 

 1 out of 1 significant  Liquid 
chromatography- 
tandem mass 
spectrometric 
method 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

Not sure – lack 
of evidence 

13. Calcium  Protein 
energy/calorie 
malnutrition 

 1 out of 1 significant  Atomic absorption 
spectrophotometer 

 Not stated how 
much saliva 
collected or 

Not sure – lack 
of evidence 
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     required for 
analysis 

 

   Calcium and 
vitamin D 
supplementation 

 0 out of 1 significant  Atomic absorption 
spectrophotometer 

 1ml saliva required 
for analysis 

No – lack of 
evidence 

   Obesity  0 out of 2 significant  Colorimetric methods  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

   Dietary intake  0 out of 2 significant  Atomic absorption 
spectrophotometer 

 15ml collected 

 5ml collected – 
2ml used for 
analysis 

No – lack of 
evidence 

   T2D  3 out of 5 significant 
(p values not stated 
for 1) 

 1 higher, 1 lower and 
1 able to differentiate 

 Colorimetric complex 

 Atomic absorption 
spectrophotometer 
(flame emission 
spectrometry) 

 Inductively coupled 
plasma mass 
spectrometry (ICP- 
MS) 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

14. Lipoproteins  Diabetes (Type 
II) – 
Specifically 
HDL-C, LDL-C, 
VLDL-C 

 1 out of 1 significant 

 Increase and 
decrease in levels 

 Enzymatic methods  Not stated how 
much saliva 
collected or 
required for 
analysis 

Not sure – lack 
of evidence 

   Protein energy/ 
calorie 
malnutrition 

 2 out of 2 signifcant  Electrophoretic 
separation of protein 
components 

 Up to 4-5ml 
collected 

Not sure – lack 
of evidence 
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      Not stated how 
much required for 
analysis 

 

15. Antioxidant – 

Glutathione 

 Antioxidant 
status 

 0 out of 1 significant  Tietze enzymatic 
kinetic assay and 
spectrophotometer 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

16. Chloride  Protein 
energy/calorie 
malnutrition 

 1 out of 1 significant 

 Lower levels 

 Atomic absorption 
spectrophotometer 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

   T2D  0 out of 1 significant  Schales method 
using mercuric 
nitrate 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

17. Essential amino 
acids 

 Protein 
energy/calorie 
malnutrition 

 1 out of 1 significant 

 Increased in 
malnourished 
generally 

 One-dimensional 
paper 
chromatography 
technique 

 4-5ml collected 

 Not stated how 
much required for 
analysis (other 
biomarkers 
analysed in the 
samples as well as 
amino acids) 

No – lack of 
evidence 

18. Sodium  Protein 

energy/calorie 
malnutrition 

 0 out of 2 significant  Flame analysis 

 Atomic absorption 
spectrophotometer 

 Not stated how 
much saliva 
collected or 

No – lack of 
evidence 
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     required for 
analysis 

 

   Iron deficiency 
anaemia 

 0 out of 1 significant  Flame photometry  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

   Calcium and 
vitamin D 
supplementation 

 0 out of 1 significant  Atomic absorption 
spectrophotometer 

 1ml saliva required 
for analysis 

No – lack of 
evidence 

   Dietary intake  0 out of 2 significant  HPLC ionic 
chromatography 

 Atomic absorption 
spectrophotometer 

 5ml collected – 
2ml used in 
analysis 

No – lack of 
evidence 

   T2D  0 out of 2 significant  Atomic absorption 
spectrophotometer 

 Flame emission 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

19. Potassium  Protein 
energy/calorie 
malnutrition 

 0 out of 2 significant  Flame analysis 

 Atomic absorption 
spectrophotometer 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

   Iron deficiency 
anaemia 

 0 out of 1 significant  Flame photometry  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 
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   Calcium and 
vitamin D 
supplementation 

 0 out of 1 significant  Atomic absorption 
spectrophotometer 

 1ml saliva required 
for analysis 

No – lack of 
evidence 

   T2D  2 out of 2 significant 

 Significantly increased 
in diabetics 

 Atomic absorption 
spectrophotometer 

 Flame emission 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 
(glucose should 
be focused on 
instead if going 
to look at 
diabetes as 
stronger 
evidence) 

20. Magnesium  Calcium and 
vitamin D 
supplementation 

 0 out of 1 significant  Atomic absorption 
spectrophotometer 

 1ml saliva required 
for analysis 

No – lack of 
evidence 

   T2D  1 out of 1 significant  Inductively coupled 
plasma mass 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

21. Phosphate  Obesity  2 out of 3 significant 
1 higher and 1 lower 
levels 

 Colorimetric methods 

 Gas chromatography 
/ mass spectrometry 

 Stanbio phosphorus 
Liqui-UV test 

 100ul required for 
analysis 

No – not going 
to focus on 
those in relation 
to obesity 

   Dietary intake  0 out of 2 significant  Commercial 
colorimetric kit 

 15ml collected 

 5ml collected – 
2ml used for 
analysis 

No – lack of 
evidence 
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   T2D  0 out of 2 significant  Atomic absorption 
spectrophotometer 

 Inductively coupled 
plasma mass 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

22. Triglycerides 

(type of fat) 

 Obesity  0 out of 1 significant  Enzymatic methods  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

   T2D  1 out of 1 significant 
increase in T2D 

 Enzymatic methods  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

23. Total 
Cholesterol 

 Dietary intake  1 out of 1 significant  Thin-layer 
chromatography with 
pre-coated 
channelled silica gel 
– separated lipids 
quantified using a 
scanning 
densitometer 

 14ml collected by 
stimulated method 
– 
10ml used for 
analysis 

No – a large 
amount of saliva 
collected that is 
not likely 
possible in older 
adults 

   T2D  1 out of 1 significant 
increase in T2D 

 Enzymatic methods  Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

24. Fluoride  Obesity  0 out of 1 significant  Fluoride selective 
electrode 

 Not stated how 
much saliva 
collected or 

No – lack of 
evidence 
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     required for 
analysis 

 

   Dietary intake  0 out of 1 significant   15ml saliva 
collected 

 Not stated how 
much required for 
analysis 

No – lack of 
evidence 

25. Zinc (sediment)  Dietary intake / 
nutritional status 

 1 out of 2 significant 

 1 out of 1 significant 
(weight) 

 Atomic absorption 
spectrophotometer 

 5ml collected 

 10-15ml collected 

 Ten. mm (10ul) 
aliquots 

No – dietary 
zinc and 
salivary zinc not 
correlated 

   T2D  1 out of 1 significant  Inductively coupled 
plasma mass 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

26. Copper  Dietary intake  0 out of 1 significant  Atomic absorption 
spectrophotometer 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – salivary 
copper did not 
reflect dietary 
copper 

   T2D  0 out of 1 significant  Inductively coupled 
plasma mass 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 

27. Ascorbate  Ascorbic acid 
dietary intake 

 0 out of 2 significant  TCA-saliva mixture 
was centrifuged and 
the TCA soluble 
fraction analysed 

 2ml collected No – salivary 
ascorbate levels 
not related to 
controlled 
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      Not stated how 
much required for 
analysis 

period of 
ascorbic acid 
depletion and 
supplementation 

28. Ascorbic acid 
and 
dehydroascorbic 
acid (total 
biologically active 
vitamin C) 

   Spectrophotometric 
procedures with 2,4,- 
dinitro- 
phenylhydrazine as 
chromogen 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

 Not stated how 
much required for 
analysis 

No – salivary 
ascorbic acid is 
not a good 
indicator of 
ascorbic acid 
intake 

29. Nitrate  Dietary intake  2 out of 2 significant  Gas 
chromatography- 
mass 
spectrophotometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – very 
specific 
requirements to 
assess salivary 
nitrate 

30. Nitric oxide  Dietary intake  1 out of 1 significant 
(not significant for 
YHEI – BMI 
significant) 

 Colorimetric ELISA 
kit and ELISA reader 

 3ml collected 

 Not stated how 
much required for 
analysis 

No – lack of 
evidence 

31. Metabolomics 
profile (i.e. 
choline, pyruvate, 
propionate, 
acetate, alanine, 
lactate, 
propionate) 

 Dietary intake  0 out of 1 significant  H nuclear magnetic 
resonance 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – saliva not 
reflective of 
acute dietary 
intake 

32. Total sugars  T2D  1 out of 1 significant  Phenol Sulfuric 
method 

 Not stated how 
much saliva 
collected or 

No – lack of 
evidence 
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     required for 
analysis 

 

33. Other trace 
elements 

 T2D  0 out of 1 significant  Inductively coupled 
plasma mass 
spectrometry 

 Not stated how 
much saliva 
collected or 
required for 
analysis 

No – lack of 
evidence 
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2.6.3 Strengths and limitations 

Strengths of this study included, that this is the first systematic review to 

investigate various salivary biomarkers in relation to both nutritional status and 

dietary intake. The broad inclusion criteria meant that all age groups, years of 

publication, study design, and settings, which helped maximise the number of 

studies included in the systematic review. Studies were included whether or 

not there was a control group, and participants could have health conditions 

present. Data extraction involved two independent reviewers. The findings of 

this review are, however, limited by the quality of the evidence currently 

available. 

 
There are, however, limitations which must be acknowledged. Due to the 

limited conflicting evidence in relation to nutritional status or dietary intake, it 

was difficult to make firm conclusions about the salivary biomarkers. Therefore, 

it was not clear if particular saliva collection methods are required for particular 

salivary biomarkers. The majority of the studies did not adequately describe 

the exposure measure, in terms of the quality assurance of the laboratory 

measure of salivary biomarkers. This was due to studies not presenting 

information in relation to the method of saliva collection, amount of saliva 

collected, salivary analysis method, and amount of saliva required for analysis, 

whether analysis was blinded and if a CV was calculated. This limits the 

interpretation of the findings and makes it difficult to compare the study findings 

due to high variability in salivary methods. Therefore, a meta-analysis was not 

conducted for the salivary biomarkers, with the exception of salivary glucose. 

However, the funnel plot for this was not symmetrical which could suggest 

publication bias, Heterogeneity also existed in terms of confounders that were 

controlled for, with many studies not controlling for age and gender as 

previously mentioned. It was also not possible to formally assess publication 

bias for the salivary biomarkers. Cross-sectional studies included in the review 

could not confirm cause and effect relationships. Biomarkers in blood was not 

assessed in all studies and so comparisons were not always possible. There 

was a lack of RCTs which have investigated nutritional salivary biomarkers in 

relation to dietary intake. Dietary assessment in studies was not very detailed, 

and therefore, this may explain some of the non-significant findings. 
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2.7 CONCLUSION 

 
To conclude, a number of potential salivary biomarkers of nutritional status 

and/or dietary intake were identified in different age groups (i.e. infants to older 

adults) and primarily in whole saliva rather than specific salivary glands. This 

suggests that saliva is a useful non-invasive biofluid that could potentially be 

used in the future, to aid nutritional status assessment and support traditional 

dietary assessment methods. However, the majority of the limited evidence for 

each salivary biomarker in relation to either nutritional status (i.e. IDA, weight, 

undernutrition) or dietary intake was inconclusive, particularly as the change in 

the direction of salivary biomarkers was not always consistent. This may be 

due to many of the studies being of poor and fair quality and different saliva 

collection and analysis methods. The strongest evidence, however, still 

suggests that, total protein, albumin, glucose, iron, prealbumin, ferritin and 

TAS may be potential salivary biomarkers of nutritional status and/or dietary 

intake. 

 
Furthermore, there was no clear consensus on if a particular saliva collection 

or analysis method should be used for certain salivary biomarkers, age groups, 

nutritional conditions or dietary intake validation, with the exception of the 

majority of literature using unstimulated saliva in relation to salivary glucose. 

Studies used serum-based kits, but it is unclear if salivary biomarkers respond 

in the same way to nutritional status or dietary intake, as their corresponding 

serum biomarkers. Consistent results are imperative if assessment of 

biomarkers in saliva would eventually be used a sole diagnostic or dietary 

assessment tool, either clinically, in the community or commercially [233]. At 

present, the overall evidence in relation to these biomarkers is insufficient and 

inconclusive, and suggests that salivary biomarkers cannot be used alone to 

assess nutritional status and/or dietary intake. Therefore, further studies are 

required to explore whether the methodology of serum kits is applicable to 

detecting nutritional salivary biomarkers (i.e. total protein, albumin, glucose, 

iron, prealbumin, ferritin and TAS) in saliva samples of other populations. 
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EXPLORATION OF TESTING OF 

POTENTIAL SALIVARY 

BIOMARKERS OF NUTRITIONAL 

STATUS AND DIETARY INTAKE 
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3.1 INTRODUCTION 

3.1.1 Rationale for chosen salivary biomarkers 

As concluded in the systematic review in Chapter 2, saliva has potential to be 

used to assess nutritional status and dietary intake, as a number of potential 

nutritional salivary biomarkers were identified across all age groups (i.e. infants 

to older adults) and primarily in whole saliva instead of specific salivary glands. 

However, the majority of the evidence for each salivary biomarker in relation 

to either nutritional status or dietary intake was inconclusive, particularly as the 

direction of salivary biomarker changes were inconsistent and mainly based 

on poor or fair quality studies. The strongest evidence was based on seven 

salivary biomarkers and this included: total protein, albumin and prealbumin in 

relation to malnutrition, salivary iron and ferritin in relation to IDA, salivary 

glucose for T2D and TAS in relation to dietary antioxidant intake. These 

biomarkers may be of use in all age groups, however they may be particularly 

beneficial amongst older adults, due to the need for a non-invasive assessment 

of dietary intake and nutritional status in older adults, as previously mentioned 

in Chapter 1. This is important because blood collection used to reflect dietary 

intake or assess nutritional status, can prove difficult in older adults due to poor 

venous access [121]. 

 
These biomarkers were deemed of interest to explore further, but due to the 

lack of availability of saliva-specific kits, serum-based assay kits widely used 

could be explored as to whether they could be used to measure levels of the 

same nutritional biomarkers, and this chapter presents analysis conducted in 

saliva samples collected from a Northern Irish population. It was important to 

ensure that there would be a large enough saliva sample to carry out the 

different assays. The biomarkers chosen were prioritised, and, as the evidence 

was stronger, it was decided that total protein, albumin, glucose and iron would 

initially be explored, with the further advantage that they also required the 

same calibrators and controls in order to conduct the analysis. 

 
3.2 AIM 

To explore the utility of saliva as a biological matrix in the measurement of 

biomarkers of nutritional status and/or dietary intake 
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3.3 OBJECTIVE 

To explore whether kits developed for serum could be used to measure levels 

of the same nutritional biomarkers in saliva samples in a Northern Irish 

population 

 
3.4 METHODS 

3.4.1 Study populations and designs 

This study was based on four human studies previously conducted within the 

CPH, at Queen’s University Belfast (QUB). This included a pilot cross- 

sectional study (i.e. DHAS: Ref: 18/WM/0375), a pilot RCT (i.e. DENHAB: Ref: 

16/NI/0224), a randomised crossover study (i.e. Breakfast study: Ref: 18.41v2) 

and a pilot cluster RCT (i.e. TEAM-MED Extend Study (TME): Ref: 15.25.v5). 

Each of these had at least one of DL supervisors as the principal investigators 

on the projects. These studies employed different methodologies, but only the 

relevant methodology utilised in this chapter has been included. These four 

studies had saliva samples from either adults or older adults within NI. This 

chapter, therefore, utilised the saliva samples to explore whether serum-based 

methodology is applicable to saliva to detect nutritional salivary biomarkers. 

 
3.4.1.1 Diet and Healthy Ageing Study 

In brief, DHAS was a cross-sectional study which recruited 50 community- 

dwelling older adults, collecting data on dietary intake, body composition, 

physical function and frailty risk measures to inform the design and power 

calculation for a future Mediterranean dietary intervention in older adults. 

Participants had to be over 65 years old and live independently, with no 

medical condition that would affect their ability to participate in the study. The 

study took place between July and September 2019 and the study visits were 

facilitated by the researcher (DL) and staff at the NICRF. Participants were 

recruited using different methods, for example, by displaying posters in public 

areas, such as hospitals, CPH, community centres, pharmacies. Data 

collection involved the completion of four questionnaires, such as participant’s 

personal health, lifestyle and medical history. Anthropometric measurements 

included: weight in kilograms (kg) using calibrated scales and height in 

centimetres (cm) measured using a stadiometer. BMI was calculated as 
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weight (kg) divided by height (m2) and was categorised as normal, overweight 

and obese. A stimulated saliva sample was collected from participants using 

the Greiner Bio-One Saliva Collection System, either in the morning or 

afternoon. Further information on this study can be found in Chapter 6. 

 
3.4.1.2 Dental Habits Study 

The DENHAB study was a pilot RCT in community-dwelling older adults which 

aimed to determine if a tailored dietary intervention coupled with oral 

rehabilitation was effective in improving older adult’s diets. Participants had to 

be over 65 years old, live independently and be partially dentate with missing 

teeth replaced by dentures in the last five years. Participants were excluded if 

they had diabetes mellitus (both type 1 diabetes and T2D). This study ran 

between November 2017 and July 2019, and participants were recruited using 

different methods, for example, screening dental records, posters placed in 

public places and by the snowballing effect from either existing study 

participants or researcher contacts. All participants received standardised 

written dietary information, but the intervention group also received a tailored 

habit-based dietary intervention carried out by researchers (LAM and LM). 

Data collection took place at, baseline, six weeks, four months and eight 

months. This included the completion of various questionnaires, including the 

lifestyle questionnaire used to assess demographic (e.g. age, gender) and 

general health information. Anthropometric measurements were also collected 

including, weight (kg) and height (cm) which were measured using 

standardized instruments. BMI was then calculated as described above and 

categorised into the same three groups. A stimulated saliva sample using the 

same method as the DHAS was collected by researchers (LAM and LM) at 

each of these time points, either in the morning or afternoon. 

 
3.4.1.3 Breakfast Study 

The Breakfast study was a randomised crossover experiment in adults, which 

aimed to investigate how oral processing, texture differences and masticatory 

performance can influence self-reported satiety. There were four different 

breakfast conditions, as each breakfast was consumed twice and participants 

were asked to eat each at their normal rate and also to eat as slowly as they 
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could. Participants were healthy individuals aged over 18 years old, with no 

dietary restrictions, including allergies to the breakfast options. The study was 

conducted between October 2018 and May 2019. Participants were recruited 

using a poster advertisement and by word of mouth. Study visits were 

facilitated by the researcher (SW) on four occasions in the morning, after an 

overnight fast, with at least one week in between each visit. Various 

questionnaires were completed including, a demographic (e.g. age and 

gender), health and lifestyle questionnaire. Anthropometric measurements (i.e. 

height, weight) were also collected using standardized instruments. BMI was 

then calculated as described above and categorised into the same three 

groups. An unstimulated saliva sample was collected by the researcher (DL) 

at baseline and at the last visit, between 7-10am, prior to the participants eating 

any food in the study. 

 
3.4.1.4 TEAM-MED Extend Study 

The TME study was a pilot cluster RCT which took place over a 12-month 

period. This study aimed to explore the feasibility of a peer support intervention 

that would encourage adoption and maintenance of a MD in established 

community groups who were at an increased risk of CVD, compared to those 

who would receive a less intensive MD support approach. To be included, 

community groups had to be drawn from the one community network, consist 

of regular service users and homogeneous gender. Group members had to be 

40+ years old, have a MDS of 5 or less, and have at least one CVD risk factor. 

Peer supporters had to be a lay participant or community health worker and 

commit to complete training and delivery of the 12 month intervention. The 

TME study took place following the original TEAM-MED study (January – June 

2016). Recruitment involved, media releases being disseminated to local 

community groups, health centres and charity organisations. Data were 

collected at baseline, three, six and 12 months. This included: various 

questionnaires such as, the demographic and lifestyle questionnaire (e.g. age 

and gender). Anthropometric data including, weight and height, were 

measured using standardized instruments. A stimulated saliva sample using 

the same method as the DHAS and DENHAB was collected at each of these 

time points, either in the morning or afternoon. 
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3.4.2 Ethical approval 

Ethical approval for the four studies was obtained from the School of Medicine, 

Dentistry and Biomedical Sciences Research Ethics Committee at QUB. 

Written informed consent was obtained from all participants at baseline of each 

of the four studies. The data collected from all four studies were anonymised 

using a unique study participant number, treated securely and confidentially 

under the Data Protection Act. Data were stored securely on password 

protected hard drives and all written documentation were stored in locked filling 

cabinets in locked rooms in the CPH at QUB. 

 
3.4.3 Collection and processing of whole saliva 

As previously mentioned, saliva samples were collected in the four studies. 

Stimulated saliva was collected in DHAS, DENHAB and TME as they generally 

involved older adults. This collection method is discussed in detail in Chapter 

6. In brief, SOPs in CPH were followed for the sampling (Appendix 5) and 

processing (Appendix 6) of saliva samples using the Greiner Bio-One Saliva 

Collection System. Participants were instructed to swirl a mouthwash solution 

in their mouth for two minutes, and then spit the saliva solution into a collection 

beaker. Samples were then stored in a cool bag until transferred to the QUB 

laboratory. All samples were processed in the centrifuge at 1000rpm for 15 

minutes at 4C.  

 

In the Breakfast study, unstimulated saliva was collected as participants were 

younger. SOPs in CPH were also followed for the sampling (Appendix 7) and 

processing (Appendix 8). In brief, participants were asked to spit as much 

saliva as they could produce in five minutes into a sterile plastic collection tube. 

Samples were kept on ice and transferred straight to the laboratory, where 

samples were processed at 800 x g for 10 minutes. All the saliva samples were 

collected, processed, stored at -80C and will be disposed of following QUB 

SOPs, in accordance with the HTA 2004. 
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3.4.4 Analysis of saliva samples 

The Clinical Chemistry Analyser Daytona Rx (Figure 3.1) was used to measure 

total protein, albumin, glucose and iron in saliva [244]. This machine is bench- 

top, fully automated, and consists of 50 reagent positions with automatic 

barcode identification [244]. It has built in thorough mixing systems to remove 

any bubbling in samples, and a wash station to clean the cuvettes [244]. The 

required sample is automatically taken from the reagent bottle and this is mixed 

with each of the saliva samples, and then the system is washed [244]. 

 

Figure 3.1 Randox Daytona+ Clinical Analyser [244] 

 
 

The laboratory technician (CE) carried out the analysis at the CPH laboratory, 

QUB, following discussion of the methods with DL. Samples were thawed prior 

to analysis. Analysis started according to kit insert in one study, but biomarker 

levels in saliva were very low, so this was repeated using an increased sample 

volume (3x) to try to deal with this. However, the results were still below the 

lower technical range, and final results were corrected for the 3x normal 

sampling volume. Freeze-thaw cycles were minimised to reduce protein 

degradation. All analysis was conducted on previously unthawed samples, 

except the first batch of DENHAB samples which had three freeze-thaw cycles 

for total protein (i.e. normal sample volume, 3x sampling volume, issue with 

quality control (QC)), and two thaw cycles for albumin, glucose, and iron (i.e. 

normal sample volume and 3x sampling volume). Another exception was that 

half of the samples tested for albumin had two freeze-thaw cycles in the TME 

study due to a QC issue. The intensity of the final colour is directly proportional 

to the concentration of the biomarkers in saliva. This machine required the use 

of serum-based assay kits and these are described below. 
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3.4.4.1 Determination of total protein in saliva 

Total protein concentration in saliva was determined using the Total Protein 2 

Assay Kit with the biuret reagent (Randox, Crumlin, UK). This enabled a 

reaction to take place between protein present in the saliva and cupric ions in 

the alkaline medium. 

 
3.4.4.2 Determination of albumin in saliva 

Albumin concentration in saliva was determined using the Albumin Assay kit 

with the use of the bromocresol green reagent (Randox, Crumlin, UK). 

 
3.4.4.3 Determination of glucose in saliva 

Glucose concentration in saliva was determined using the Glucose GOD/PAP 

kit (Randox, Crumlin, UK). This occurs by enzymatic oxidation in the presence 

of glucose oxidase, hydrogen peroxide produced reacts with phenol and 4- 

aminophenazone to form a red/violet dye. 

 
3.4.4.4 Determination of iron in saliva 

Iron concentration in saliva was determined using the Iron kit (Randox, 

Crumlin, UK). Iron reflects the concentration of serum ferric iron bound to 

transferrin, and then ferric iron is separated from transferrin and is reduced to 

ferrous iron, which complexes with the chromogen to form a chromophore. 

 
3.4.5 Quality control of serum and saliva samples 

The Clinical Chemistry Analyser Daytona Rx. Machine was calibrated prior to 

the start of analysis. Serum QC was carried out at two levels (i.e. level 2 and 

3) for each assay at the start, middle and end of the round of samples. Flagged 

values outside the expected range require the machine to be recalibrated and 

the QC repeated. An internal QC was carried out by pooling unstimulated 

saliva (n=25) and stimulated saliva (n=17) collected using the methods 

previously mentioned. Individual samples were still collected in the morning 

time according to SOPs (Appendices 5 and 6). This only had one level of QC, 

compared to the two levels in serum. 
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Inter- and intra-assay CVs were calculated for both serum and saliva using the 

calculated densities. Intra-assay CV is the variation of the sample 

measurement within the same run, and the inter-assay CV is the variation of 

the sample measurement in different runs. The intra-assay CV is calculated as 

the SD divided by the mean and multiplied by 100 for each QC level (i.e. level 

2 and level 3). The inter-assay CV is then calculated by getting an average of 

level 2 and 3 CVs. One of the saliva glucose CVs was calculated as zero and 

this was recoded as missing and not included in the overall intra-assay CV 

calculation, as this would have been misleading and suggested that the assay 

was behaving perfectly. 

 
3.4.6 Statistical methods 

All variables were summarised using descriptive statistics and presented 

according to the four studies in terms of their individual total sample, gender, 

age and BMI. Two age groups were created by dividing the salivary biomarkers 

into two equal groups. Pooled results for the four studies were also discussed 

in text, with and without the inclusion of salivary iron measured in the Breakfast 

study, as the iron results in unstimulated saliva were not comparable to the 

other three studies. Means and SD, median and interquartile range (IQR), and 

minimum and maximum numbers were presented for continuous variables. 

Frequencies and percentages were presented for categorical variables. 

Comparison of continuous variables between two groups was carried out using 

independent t-tests and more than two groups using ANOVA. Comparison of 

skewed continuous variables between two groups was carried out using the 

Mann Whitney test and more than two groups using the Kruskal-Wallis test. 

Comparison of continuous variables over different time points in the same 

participants were explored using repeated measures ANOVA. LSD post-hoc 

tests were used where appropriate to look for significant differences between 

groups. Statistical analysis was carried out using SPSS for Windows version 

21.0. The level of statistical significance was set at p≤0.05. 



109  

3.5 RESULTS 

 
3.5.1 Assay coefficient of variation 

 
The intra- and inter-assay CVs were calculated for both serum and saliva. In 

serum, the intra-assay CVs ranged from 0.56-3.35%, and the inter-assay CVs 

ranged from 0.53-3.09%. The intra-assay CVs were all below the 10% that is 

recommended and the inter-assay CVs were all below the 15% that is 

recommended as shown in Table 3.1. 

Table 3.1 Serum mean intra- and inter-assay coefficient of variation 

 
Intra-assay coefficient of 

variation (%) 
Inter-assay coefficient 

of variation (%) 

Assays Low High  

Total protein 0.70 0.56 0.53 

Albumin 1.36 1.47 1.10 

Glucose 2.13 1.34 3.09 

Iron 3.35 1.64 1.14 

 
 

Table 3.2 shows the inter- and intra-assay CVs in saliva. In stimulated saliva, 

the intra-assay CV ranged from 11.10-90.74%, and the inter-assay CV ranged 

from 6.49-113.98%. In unstimulated saliva, the intra-assay CV ranged from - 

238.76-49.71%. This negative value is meaningless and may be due to the 

iron QC concentration variable including both positive and negative values. It 

is recommended that the intra-assay CV should be <10% [245]. The only 

biomarker that achieved this was salivary albumin (5.11%) measured in 

unstimulated saliva. It is recommended that the inter-assay CV should be less 

than 15% [245]. Both total protein (6.49%) and iron (10.40%) achieved this in 

stimulated saliva. One of the saliva glucose CVs was calculated as zero and 

this was recoded as missing and not included in the overall intra-assay CV 

calculation as this would be misleading. The assay reproducibility is very poor 

in the current study using the saliva samples. 
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Table 3.2 Saliva mean intra- and inter-assay coefficient of variation 
 

Stimulated Saliva Unstimulated Saliva 

 Intra-assay 
coefficient of 
variation (%) 

Inter-assay 
coefficient of 
variation (%) 

Intra-assay 
coefficient of 
variation (%) 

Assays    

Total protein 11.57 6.49 49.01 

Albumin 20.92 43.20 5.11 

Glucose 90.74^ 113.98 49.71 

Iron 11.10 10.40 -238.76* 

*CV is misleading as the values in the variable were both positive and negative. ^One of the CVs was 

calculated as zero and this was recoded as missing and not included in the overall intra-assay CV 

calculation. 

 

 
3.5.2 Descriptive statistics of salivary biomarkers at baseline 

Table 3.3 shows the descriptive statistics of salivary biomarkers at baseline in 

each of the studies. The mean age was oldest in DENHAB and youngest in 

the Breakfast study. The studies were predominantly in females, with the 

exception of DENHAB which had a greater number of males. Three of these 

studies collected saliva using stimulated collection, whilst the Breakfast study 

used unstimulated saliva collected using the spitting method. Salivary total 

protein, albumin, and glucose were comparable across all four studies. Iron 

results were not comparable in the Breakfast study compared to the other three 

studies. Glucose results were converted from mmol/l to mg/dl as the majority 

of the existing literature have presented glucose results using this unit (both 

shown in table 3.3). 

3.5.3 Salivary levels of total protein, albumin, glucose and iron in the 

literature 

Tables 3.4-3.7 shows the salivary levels of total protein, albumin, glucose and 

iron in the literature. Some of the results were similar, but there was marked 

heterogeneity across the existing studies. 
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Table 3.3 Descriptive statistics of salivary biomarkers at baseline in each of the studies in the exploratory analysis 

 
Studies DHAS (n=49) DENHAB (n=45) TME (n=25) BREAKFAST (n=24) 

Age (years) 
Mean (SD) 

 
72.2 (4.4) 

 
72.3 (6.1) 

 
59.5 (10.4) 

 
31.1 (8.8) 

Gender     

Male n (%) 17 (34.7) 25 (55.6) 9 (36.0) 7 (29.2) 
Female n (%) 32 (65.3) 20 (44.4) 16 (64.0) 17 (70.8) 

Collection method Stimulated Stimulated Stimulated Unstimulated 

Salivary Biomarkers     

Total protein (g/l)     

Mean (SD) 0.44 (0.18) 0.63 (0.36) 0.48 (0.22) 0.52 (0.22) 
Median (IQR) 0.42 (0.33, 0.52) 0.50 (0.40, 0.73) 0.40 (0.32, 0.64) 0.46 (0.39, 0.53) 
Min, Max -0.07, 0.92 0.24, 1.77 0.16, 1.07 0.30, 1.37 

Albumin (g/l)     

Mean (SD) 0.05 (0.02) 0.06 (0.03) 0.04 (0.03) 0.07 (0.07) 
Median (IQR) 0.05 (0.03, 0.06) 0.05 (0.04, 0.08) 0.05 (0.02, 0.05) 0.06 (0.04, 0.08) 
Min, Max 0.02, 0.10 0.03, 0.14 0.00, 0.10 0.02, 0.40 

Glucose (mmol/l)     

Mean (SD) 0.02 (0.06) 0.01 (0.02) 0.07 (0.01) 0.04 (0.01) 
Median (IQR) 0.01 (0.00, 0.02) 0.01 (0.00, 0.03) 0.07 (0.06, 0.08) 0.03 (0.03, 0.04) 
Min, Max -0.01, 0.38 0.00, 0.06 0.06, 0.10 0.01, 0.06 

Glucose (mg/dl)     

Mean (SD) 0.41 (1.02) 0.25 (0.30) 1.25 (0.2) 0.65 (0.21) 
Median (IQR) 0.18 (0, 0.36) 0.18 (0.00, 0.54) 1.26 (1.08, 1.35) 0.54 (0.54, 0.72) 
Min, Max -0.18, 6.84 0.00, 1.08 1.08, 1.80 0.18, 1.08 

Iron (umol/l)     

Mean (SD) 0.22 (0.16) 0.36 (0.22) 0.93 (0.36) -0.01 (0.04) 
Median (IQR) 0.18 (0.12,0.29) 0.29 (0.23, 0.42) 0.82 (0.74, 1.02) -0.02 (-0.04, 0.00) 
Min, Max 0.03, 0.76 0.09, 1.09 0.61, 2.24 -0.07, 0.11 
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Table 3.4 Mean (SD) salivary total protein measured in the literature in relation to type 2 diabetes, malnutrition (i.e. 

undernutrition), weight status, and dietary protein intake 

Salivary total protein in cases with T2D and controls (g/l) 

 Cases * Controls Collection method Analysis method Age (years) Study size Country Other 

Al-Zahawi et 
al. (2012) 

Controlled 
0.91(0.03) 
Uncontrolled 
0.90(0.04) 

0.80(0.04) Unstimulated spitting 
5 minutes 
9-11am 

BIOLABO SA kit – 
biuret method 

40-60 90 
60 cases 
30 controls 

Iraq  

Aydin et al. 
(2007) 

Obese: 
1.74±0.3 g/min 
Non-obese: 
1.68±0.2 g/min 

1.84±0.4 
g/min 

Unstimulated passive 
drool 
5 minutes 
8am after fasting 

Bradford method Cases: 
47±7 years 
Controls: 
48±8.5 years 

62 
40 cases 
20 controls 

Turkey Cannot 
convert 
g/min to g/l 

Dodds et al. 
(1997) 

2.63(0.17) 2.24(0.15) Stimulated parotid 
saliva (5 mins) 
Unknown time 

High-performance 
liquid 
chromatography 
(bovine serum 
albumin as 
standard) 

20-65 81 
45 cases 
36 controls 

North 
America 

Mean 
(SEM) 

Lasisi et al. 
(2012) 

0.01±0.01 0.01±0.01 Unstimulated spitting 
10 minutes 
8-9am 

colorimetric 
methods 

31-65 40 
20 cases 
20 controls 

Nigeria  

Lopez et al. 
(2003) 

1.12±0.38 0.81±0.32 Unstimulated with 
sterile syringe 
5 minutes 
Assumed morning as 
8 hours after fasting 

Biuret method 3-15 41 
20 cases 
21 controls 

Argentina  

Manjrekar et 
al. (2012) 

1.47±0.65 1.39±0.39 
1.20±0.47 
non-diabetic 
relatives 

Unstimulated 
Assumed morning as 
10 hours of fasting 

Lowry method ~30-70 66 
23 cases 
23 controls 
20 non- 
diabetic first 

India No units 
but 
assumed to 
be mg/dl as 
similar 
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      degree 

relatives 

 results to 
Lopez 

Panchbhai 
et al. (2010) 

Controlled 
0.89±0.50 
Uncontrolled 
0.90±0.44 

0.98±0.50 Unstimulated spitting 
5 minutes 
8-11am 

pyrogallol red dye 
by the end-point 
method 

13-69 120 
80 cases 
40 controls 

India  

Salivary total protein in cases who are undernourished and controls (g/l) 

 Cases ^ Controls Collection method Analysis method Age (years) Study size Country Other 

Agarwal et PEM Grade I: 118.1(39.0) Stimulated citric acid Lowry method 1-10 94 India Convert 
al. (1984) 0.001(0.00008) 0.001(0.0004) 9am   52 cases  ug/dl to g/l 

 PEM Grade II:     42 controls  (divide by 
 0.0009(0.0001)       100,000) 
 PEM Grade III:        

 57.1(5.6)        

 0.0006(0.00006)        

El-Shobaki Moderate KWO: 0.66(0.07) Unstimulated using electrophoretic 6-36 months 126 Egypt Mean 
et al. (1978) 1.32(0.16)  cotton plugs separation of  104 cases  (±SE) 

 Severe KWO:  Morning protein  22 controls   

 2.45(0.23)   components    Convert 
 2nd grade       mg/100ml 
 marasmus:       to g/l 
 0.58(0.05)       (divide by 
 3rd grade       100) 
 marasmus:        

 0.78(0.09)        

 Marasmic KWO:        

 1.24(0.18)        

Ibrahim et Moderate KWO: 0.67(0.06) Unstimulated using electrophoretic 6-36 months 85 Egypt Convert 
al. (1978) 1.33±.0.2  cotton plugs separation of  70 cases  mg/100ml 

 Severe KWO:  Morning protein  15 controls  to g/l 
 2.43±0.54   components    (divide by 
 2nd grade       100) 
 marasmus:        

 0.65±0.07        



114  

 
 
 
 

 
 3rd grade 

marasmus: 
0.80±0.11 
Marasmic KWO: 
1.25±0.27 

       

Johansson 
et al. (1994) 

Unstimulated 
Severe/Moderate 
PEM: 1.95±0.83 
Stimulated 
Severe/Moderate 
PEM: 1.51±0.57 

Unstimulated 
Mild/Normal 
PEM: 
1.74±0.67 
Stimulated 
Mild/Normal 
PEM: 
1.51±0.44 

Unstimulated passive 
drooling 
10 minutes 
9am – 1pm 

 

Stimulated by 
chewing paraffin 
5 minutes 
9am – 1pm 

Coomassie blue 
method (Bradford 
method) 

8-12 68 
34 cases 
34 controls 

India  

Mahadevan 5-15 years: 5-15 years: Unstimulated Lowry method 5-15 years 155 India  

and Velavan 0.63±0.02 0.88±0.003 9-10am  old   

(2013) 24-32 years: 24-32 years:   24-32 years   

 1.01±0.04 1.5±0.06   old   

 58-77 years: 58-77 years:   58-77 years   

 0.91±0.03 0.96±0.03   old   

McMurray et Grade I: 1.00±0.1 Normal: Unstimulated using Lowry method 1.5-2 years 71 South Mean 
al. (1977) Grade II & Grade 1.09±0.09 plastic dropper  old 44 cases America ±SEM 

 III: 1.01±0.12     27 controls  Convert 
        mg/100ml 
        to g/l(divide 
        by 100) 

Meurman et Hospitalised Outpatients Stimulated by Lowry method 70-96 383 Finland  

al. (2002) Survived; 2.3±1.0 1.6±0.8 chewing paraffin wax   121  

 Died; 2.6±1.7  1-3pm   hospitalised  

   5 minutes   252  

      outpatients  
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Murayama 1.93±0.99 No controls Unstimulated using Biuret method 68-97 32 Japan Convert 
et al. (1999) Hospitalised cases  cotton wool swab     mg/l to g/l 

   2 hours after     (divide by 
   breakfast     1000) 
   3-25 minutes      

Salivary total protein in relation to weight status (g/l) 

 Cases # Controls Collection method Analysis method Age (years) Study size Country Other 

De Campos Unstimulated Unstimulated Unstimulated spitting colorimetric 5-12 68 Brazil Converted 
et al. (2014) O/W 0.50(0.35) 0.43(0.22) 5 minutes methods  29 cases  mg/dl to g/l 

 OB 0.35(0.16)  Morning   39 controls  (divide by 
  Stimulated      100) 
 Stimulated 0.35(0.24) Stimulated by      

 O/W 0.30(0.22)  chewing inert material      

 OB 0.27(0.13)  Morning      

Pannunzio Overweight: 1.22±0.30 Stimulated collection Folins phenol 7-10 90 Brazil  

et al. (2010) 1.32±0.41  using a piece of reagent with  60 cases  

 Obese: 1.54±0.35  parafilm bovine serum  30 controls  

   5 minutes albumin    

   2-3pm     

Salivary total protein in relation to dietary protein intake (g/l) 

   Collection method Analysis method Age (years) Study size Country Other 
Kedjarune Boys Girls Stimulated with wax Lowry method 12-16 243 Thailand  

et al. (1997) Urban: Urban: 10am     

 1.5±0.5(1.4-1.7) 1.5±0.4(1.4-      

 Rural: 1.3±0.4(1.3- 1.7)      

 1.4) Rural:      

  1.4±0.4(1.2-      

  1.5)      

Mazengo et 
al. (1994) 

Males; 
Urban: 2.5±0.8 

Females; Stimulated with wax 
9.30am – 12.30noon 

Lowry method Three age 
groups, 12 

210 Tanzania  
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 Rural: 3.3±0.8 Urban: 
2.6±1.1 
Rural: 3.1±1.3 

 years, 35-44 
years and 
65-75 years 

  

Mejean et al. 
(2015) 

0.6±0.3 Unstimulated spitting 
5 minutes 

Bradford assay 49.6±13.5 
years old 

216 in saliva 
analysis 

France 

*cases had T2D ^cases are malnourished #cases were obese and/or overweight 
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Table 3.5 Mean (SD) salivary albumin measured in the literature in relation to type 2 diabetes and malnutrition 

Salivary albumin in cases with T2D and controls (g/l) 

 Cases * Controls Collection 
method 

Analysis method Age 
(years) 

Study size Country Other 

Vaziri et al. 
(2009) 

73.47±31.35 
mg/dl (0.73± 
0.31g/l) 

53.40± 
25.97mg/dl 

 
0.53±0.26g/l 

Unstimulated 
passive drool 
5 minutes 
8-10am 

Nephelometric 
method (micro 
albumin kit) 

39-82 120 
80 cases (40 
T2D and 40 
T1D) 
40 controls 

Iran No units 
assuming 
mg/dl 

Salivary albumin in cases with undernourished and controls (g/l) 

 Cases ^ Controls Collection 
method 

Analysis method Age 
(years) 

Study size Country Other 

Cripps et al. ≤6 months: ≤6 months: Unstimulated – Electro 6 weeks- 238 Papua Median, 
(2008) 0.002(0.001- 0.003(0.002- gentle suction immunodiffusion 60  New IQR 

 0.01) 0.02)   months  Guinea  

 7-12 months: 7-12 months:      Converted 
 0.02(0.006-0.03) 0.025(0.021-      mg/L to g/L 
 13-24 months: 0.04)      (divide by 
 0.03(0.01-0.04) 13-24 months:      1000) 
 25-36 months: 0.016(0.007-       

 0.02(0.02-0.02) 0.02)       

 37-48 months: 25-36 months:       

 0.02(0.01-0.03) 0.018(0.01-0.04)       

 49-60 months: 37-48 months:       

 0.03(0.01-0.04) 0.017(0.015-       

  0.02)       

  49-60 months:       

  0.02(0.01-0.04)       

El-Shobaki et 
al. (1978) 

Moderate KWO: 
0.36(0.03) 
Severe KWO: 
0.55(0.04) 

0.19(0.02) Unstimulated 
using cotton plugs 
Morning 

Electrophoretic 
separation of 
protein components 

6-36 
months 

126 
104 cases 
22 controls 

Egypt Mean(±SE) 
 

Converted 
mg/100ml 
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 2nd grade 

marasmus: 
0.17(0.02) 
3rd grade 
marasmus: 
0.22(0.04) 
Marasmic KWO: 
0.32(0.02) 

      to g/l 
(divide by 
100) 

Ibrahim et al. Moderate KWO: 0.19(0.02) Unstimulated electrophoretic 6-36 85 Egypt Mean(±SE) 
(1978) 0.35(0.05)  using cotton plugs separation of months 70 cases   

 Severe KWO:  Morning protein components  15 controls  Converted 
 0.58(0.19)       mg/100ml 
 2nd grade       to g/l 
 marasmus:       (divide by 
 0.18(0.02)       100) 
 3rd grade        

 marasmus:        

 0.22(0.04)        

 Marasmic KWO:        

 0.32(0.1)        

Kedjarune et Boys Girls Stimulated with Lowry method 12-16 243 Thailand  

al. (1997) Urban: Urban: wax     

 0.07±0.04 0.08±0.05 10am     

 Rural: Rural:      

 0.08±0.05 0.11±0.08      

Mahadevan 5-15 years: 5-15 years: Unstimulated Only stated 5-15 155 India Converted 
and Velavan 0.02±0.0009 0.04± 0.001 9-10am spectrophotometer years old   mg/dl to g/l 
(2013) 24-32 years: 24-32 years:   24-32   (divide by 

 0.04±0.002 0.05±0.002   years old   100) 
 58-77 years: 58-77 years:   58-77    

 0.04±0.001 0.04±0.002   years old    

Mazengo et 
al. (1994) 

Males; 
Urban: 
0.16±0.09 

Females; 
Urban:0.13±0.0 
6 

Stimulated with 
wax 

LC-Partigen 
immunodiffusion 
plates 

Three age 
groups, 
12 years, 

210 Tanzania Convert 
from mg/l to 
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 Rural: 0.14±0.13 Rural:0.14±0.11 9.30am –  35-44   g/l (divide 

  12.30pm years and by 1000) 
   65-75  

   years  

Meurman et Hospitalised Outpatients Stimulated by Spectrophotometric 70-96 383 Finland Cannot 
al. (2002) Survived; 439.7±432.8 chewing paraffin method (human  121  convert 

 684.3±396.8  wax serum albumin  hospitalised  ug/min to 
 Died;  1-3pm standards used)  252  g/l 
 700.0±481.9  5 minutes   outpatients   

Murayama et Hospitalised No controls Unstimulated two-site enzyme 68-97 32 Japan Convert 
al. (1999) 0.11±0.13  using cotton wool immunoassays    mg/l to g/l 

   swab     (divide by 
   2 hours after     1000) 
   breakfast      

   3-25 minutes      

Szabo et al. 0.19±0.08 0.13±0.04 Unstimulated Unknown methods Cases: 32 Romania Mean (SE) 
(1988)   collection by  4.8±1.8 16 cases  Convert 

   using cotton plugs  months 16 controls  from mg/dl 
     Controls:   to g/l(divide 
     4.7± 1.4   by 100) 
     months    

Watson et al. Grade I: 0.04±0.005 Unstimulated bromocresol green From birth 71 (set A) South Mean±SEM 
(1977) 0.04±0.004  method using method (BCG) – 21 44 cases America Convert 

 Grade II:  sterile soft plastic  months 27 controls  from mg/dl 
 0.03±0.10  droppers     to g/l(divide 
        by 100) 

*cases have T2D ^ cases have IDA 
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Table 3.6 Mean (SD) salivary glucose measured in the literature in relation to type 2 diabetes and weight status 

Salivary glucose in cases with T2D and controls (mg/dl) 

 Cases * Controls Collection 
method 

Analysis method Age (years) Study size Country Other 

Abikshyeet et 
al. (2012) 

4.22(3.59) 
0.31-18.16 

1.23(0.52) 
0.51-2.32 

Unstimulated 
spitting 
10 minutes 
Morning 

GOD-POD 36-65 121 
106 cases 
15 controls 

India Excluded if 
under 
treatment for 
diabetes 

Al-Zahawi et 
al. (2012) 

Controlled 
17.98(1.03) 
Uncontrolled 
15.57(1.03) 

10.11(1.08) Unstimulated 
spitting 
5 minutes 
9-11am 

GOD-POD 40-60 90 
60 cases 
30 controls 

Iraq Taking T2D 
medication 

Carramolino- 
Cuellar et al. 
(2017) 

5.57±5.08 
Unstimulated 
4.31±3.08 
Stimulated 

3.73±2.53 
Unstimulated 
3.46±2.73 
Stimulated 

Unstimulated 
spitting (5 mins) 
Stimulated 
using paraffin 
tablets 
10 hours after 
fasting 

GOD-POD 40-80 93 
47 cases 
46 controls 

Spain  

Hegde et al. 
(2010) 

10.46 ±6.50 7.41±3.44 Unstimulated 
2 minutes 

GOD-POD Unknown 47 
26 cases 
21 controls 

India No units but 
assumed to be 
mg/dl 

Lasisi et al. 
(2012) 

106.1±24.2 71.5±1.9 Unstimulated 
spitting 
10 minutes 
8-9am 

GOD-POD 31-65 40 
20 cases 
20 controls 

Nigeria  

Lima-Aragao 
et al. (2016) 

11±2 3±0.03 Unstimulated 
spitting 
5 minutes 
Assumed 
morning as 
subjects had 
fasted 

GOD-POD 18-84 127 
88 cases 
39 controls 

Brazil  
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Lopez et al. 
(2003) 

2.05±1.63 1.03±1.03 Unstimulated 
with sterile 
syringe 
5 minutes 
Assumed 
morning as 8 
hours after 
fasting 

GOD-POD 3-15 41 
20 cases 
21 controls 

Argentina  

Mahdavi et al. 
(2012) 

11.43 5.2 Unstimulated 
5 minutes 
8am in fasting 
state 

GOD-POD 25-50 99 
52 cases 
47 controls 

Iran No SD 

Manjrekar et 
al. (2012) 

8.8±4.4(4-22) 9.4±6.8(3-22) 
 

9.2±5.9(3-24) 
(first degree 
relatives) 

Unstimulated 
Assumed 
morning as 10 
hours of fasting 

GOD-POD ~30-70 66 
23 cases 
23 controls 
20 non- 
diabetic first 
degree 
relatives 

India  

Panchbhai et 
al. (2010) 

Controlled 
8.09±6.45 
Uncontrolled 
7.64± 6.44 

1.89±1.44 Unstimulated 
spitting 
5 minutes 
8-11am 

GOD-POD 13-69 120 
80 cases 
40 controls 

India  

Soares et al. 
(2009) 

NO CASES 5.94±1.87 Unstimulated 
5 minutes 
9am – noon 

Human Glucose 
Colour Kit from 
Brazil and 
spectrophotometer 

19-72 
 
Mean: 
37.5±15.7 
years old 

63 Brazil Subjects were 
non-diabetic 
and without 
oral pathology, 
aged 18 years 
or more, who 
were non- 
smokers and 
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        not taking any 

medication 
Vasconcelos 
et al. (2010) 

14.03±16.76 6.35±6.02 Unstimulated & 
stimulated – not 
clear which 
used for 
analysis 
8-11am 

Glucose test kit 
(Glucose 
Liquicolor, in vitro 
Diagnostica, 
Itabira, MG, Brazil) 

Cases: 
57.7±8.9 
years 
Controls: 
50.2±12.3 
years old 

80 
40 cases 
40 controls 

Brazil Assumed to 
be mean ±SE 

Yamaguchi et NO CASES A: 0.48-2.61 Unstimulated GOD-POD 24.0±4.6 6 (A-E) Japan  
al. (1998)  B: 0.31-1.40 using cotton  years   

  C: 0.19-3.82 rolls inserted     

  D: 0.31-1.08 onto the     

  E: 0.15-1.48 sublingual     

  F: 0.27-2.17 caruncula for 5     

   minutes     

Salivary glucose in relation to weight status (mg/dl) 

 Cases # Controls Collection 
method 

Analysis method Age (years) Study size Country Other 

Hartman et al. Underweight: Normal: Unstimulated Colorimetric/ 9.6±2.4 years 8245 saliva Kuwait  
(2016) 0.20±0.25 0.20±0.25 spitting Fluorometric  samples  

 Overweight:  Assumed Assay Kit  analysed  

 0.18±0.22 Overall: morning as after     

 Obese: 0.19±0.24 6 hours fasting     

 0.20±0.26 (range= 0-3.5) Average 6.9     

   minutes     

*cases have T2D #cases were either underweight, overweight or obese 
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Table 3.7 Mean (SD) salivary iron measured in the literature in relation to type 2 diabetes and iron deficiency anaemia 

Salivary iron in cases with T2D and controls (umol/l) 

 Cases * Controls Collection method Analysis method Age (years) Study size Country Other 

Martinez 
et al. 
(2018) 

14.1± 1.29 5.79± 6.17 Unstimulated passive 
drool 
Morning time 

ICP-MS 25-75 147 
74 cases 
73 controls 

Spain Convert 
mg/L to 
umol/l 

Salivary iron in cases with IDA and controls (umol/l) 

 Cases ^ Controls Collection method Analysis method Age (years) Study size Country Other 

Canatan 
and 
Akdeniz 
(2012) 

44.1±17.9 132.8±72.9 Unstimulated using 
the spitting method 
30 minutes 

Only mentions 
assays 

Cases: 
9.1±2.12 
years old 
Controls : 
10±2.22 
years old 

160 
126 cases 
34 controls 

Turkey Converted 
mg/dL to 
mg/L and 
then to 
umol/l 

Mishra et 
al. (1992) 

24.0±7.03 18.6±1.7 Stimulated method 
using citric acid 

modified Hallgren 
methods 

8 months – 
10 years 

50 
40 cases 
10 controls 

India Converted 
from ug/dl 
to umol/l 
(x0.179) 

*cases have T2D ^ cases have IDA 
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3.5.4 Descriptive statistics of salivary biomarkers at baseline according 

to gender 

Table 3.8 shows the descriptive statistics of salivary biomarkers at baseline in 

each of the studies according to gender. Salivary glucose levels were 

significantly higher in males compared to females in the DHAS, but not in the 

other three studies. No other significant differences in the other biomarkers 

were observed according to gender in any of the four studies. Iron results in 

the Breakfast study were not compared according to gender, as their results 

were not comparable to the other three studies. When the results of the four 

studies were pooled (n=143), no significant differences were observed 

according to gender in any of the salivary biomarkers (p>0.05). This finding 

remained non-significant when iron results for the Breakfast study were 

removed when explored according to gender. 

3.5.5 Descriptive statistics of salivary biomarkers at baseline according 

to age 

Table 3.9 shows the descriptive statistics of salivary biomarkers at baseline in 

each of the studies according to age group. No significant differences were 

observed for the salivary biomarkers according to age group in any of the four 

studies. Iron results in the Breakfast study were not compared according to 

age group, as their results were not comparable to the other three studies. 

When the results of the four studies were pooled, no significant differences 

were observed according to age group in any of the salivary biomarkers 

(p>0.05). However, when the iron results for the Breakfast study were 

excluded, salivary iron was close to significance in terms of being higher in the 

younger age group (≤69 years old) compared to the older age group (≥70 years 

old) (p=0.06). 

3.5.6 Descriptive statistics of salivary biomarkers at baseline according 

to BMI 

Table 3.10A and 3.10B shows the descriptive statistics of salivary biomarkers 

at baseline for the four studies according to BMI. Participants who were 

overweight had significantly higher total protein levels compared to those who 

were obese (p=0.004) or normal (p=0.01) weight in the DENHAB study. In the 
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TME study, participants who were obese had higher levels of albumin 

compared to normal weight participants (p=0.007). Iron results in the Breakfast 

study were not compared according to BMI, as their results were not 

comparable to the other three studies. When the results of the four studies 

were pooled, a significant difference was observed for salivary iron according 

to BMI (p=0.01). This suggested that those who were overweight or obese had 

significantly higher levels of salivary iron compared to those who were normal 

weight. This association did not remain signifcant after adjustment for age and 

gender (p=0.11). Similarly, when the iron results for the Breakfast study were 

excluded in the pooled analysis, no significant difference remained for 

unadjusted salivary iron (p=0.42) or adjustment for age and gender (p=0.56).  

3.5.7 Mean change in salivary biomarkers over time 

 
Repeated measures analysis was conducted where possible in the four 

studies. Table 3.11 shows the mean change in salivary biomarkers from 

baseline in three studies which had biomarkers measured at different time 

points (i.e. DENHAB, TME and Breakfast study). The change in the biomarkers 

between time points were normally distributed, with the exception of a slight 

skew in DENHAB: albumin (Baseline: TP0 -Time point 1: TP1) and glucose 

(TP0-TP1 and TP0- Time point 3:TP3) and also in the Breakfast study: total 

protein (TP0-TP1). The outliers were removed but it did not affect the overall 

significance of the results and, therefore, they were included in the analysis. 

Results showed that the mean scores for iron concentration in the DENHAB 

study were statistically significantly different (F=3.16, p=0.03) over the time 

points. The significant difference according to LSD post-hoc tests found that 

difference was between baseline and time point 2 (TP2) (i.e. four months) 

(p=0.02). The saliva samples analysed in DENHAB included participants in the 

intervention group and the control group. No other significant differences were 

observed over time for the other biomarkers in any of the studies. 
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Table 3.8 Descriptive statistics of salivary biomarkers at baseline in each of the studies according to gender 

 
Studies  DHAS  DENHAB   TME  BREAKFAST  

 Male (n=17) Female 
(n=32) 

P 
value 

Male (n=25) Female 
(n=20) 

P 
value 

Male 
(n=9)* 

Female 
(n=16) 

P 
value 

Male (n=7) Female 
(n=17) 

P 
value 

Total protein (g/l)             

Mean (SD) 0.47 (0.16) 0.43 (0.19) 0.48 0.61 (0.37) 0.66 (0.36) 0.72 0.55 (0.26) 0.43 (0.19) 0.20 0.46 (0.12) 0.56 (0.26) 0.58^ 

Median (IQR) 0.48 (0.34, 
0.61) 

0.41 (0.33, 
0.51) 

 0.48 (0.42, 
0.67) 

0.58 (0.37, 
0.81) 

 0.53 (0.35, 
0.75) 

0.39 (0.29, 
0.63) 

 0.49 (0.39, 
0.51) 

0.46 (0.42, 
0.66) 

 

Min, Max 0.20, 0.74 -0.07, 0.92  0.24, 1.77 0.28, 1.72  0.30, 1.07 0.16, 0.76  0.30, 0.67 0.31, 1.37  

Albumin (g/l)             

Mean (SD) 0.05 (0.03) 0.05 (0.02) 0.92 0.06 (0.02) 0.06 (0.03) 0.68^ 0.05 (0.03) 0.04 (0.03) 0.54 0.06 (0.02) 0.08 (0.09) 0.49^ 

Median (IQR) 0.04 (0.03, 
0.07) 

0.05 (0.04, 
0.05) 

 0.05 (0.04, 
0.08) 

0.06 (0.03, 
0.08) 

 0.04 (0.03, 
0.07) 

0.05 (0.01, 
0.05) 

 0.06 (0.03, 
0.08) 

0.07 (0.04, 
0.09) 

 

Min, Max 0.02, 0.10 0.03, 0.09  0.03, 0.10 0.03, 0.14  0.02, 0.09 0.00, 0.10  0.03, 0.09 0.02, 0.40  

Glucose (mmol/l)             

Mean (SD) 0.05 (0.09) 0.01 (0.02) 0.007^ 0.01 (0.02) 0.01 (0.02) 0.60^ 0.07 (0.01) 0.07 (0.01) 0.11 0.03 (0.02) 0.04 (0.01) 0.50 

Median (IQR) 0.02 (0.005, 
0.05) 

0.01 (0.00, 
0.01) 

 0.01 (0.00, 
0.03) 

0.00 (0.00, 
0.03) 

 0.07 (0.07, 
0.08) 

0.06 (0.06, 
0.07) 

 0.03 (0.03, 
0.04) 

0.03 (0.03, 
0.05) 

 

Min, Max 0.00, 0.38 -0.01, 0.12  0.00, 0.05 0.00, 0.06  0.06, 0.10 0.06, 0.09  0.01, 0.06 0.03, 0.06  

Iron (umol/l)             

Mean (SD) 0.27 (0.20) 0.20 (0.12) 0.23^ 0.36 (0.23) 0.36 (0.22) 0.83^ 1.06 (0.57) 0.86 (0.15) 1.00^ - -  

Median (IQR) 0.20 (0.13, 
0.34) 

0.16 (0.10, 
0.27) 

 0.29 (0.23, 
0.41) 

0.29 (0.21, 
0.52) 

 0.78 (0.73, 
1.42) 

0.83 (0.75, 
0.98) 

 - -  

Min, Max 0.04, 0.76 0.03, 0.49  0.12, 1.09 0.09, 0.89  0.61, 2.24 0.67, 1.18  - -  

Significance level set at p≤0.05. Continuous variables presented as mean and SD, median (IQR) and minimum and maximum values. Independent samples t-tests conducted for 

differences in biomarkers according to gender. ^Mann Whitney t-test to look for differences in skewed biomarkers according to gender. –Iron not compared as overall results were 

not comparable with the three other studies *n=8 for albumin as one male result was missing. 



127  

 
 
 
 

 

Table 3.9 Descriptive statistics of salivary biomarkers at baseline in each of the studies according to age 

 
Studies  DHAS   DENHAB   TME  BREAKFAST  

Age groups 
(years) 

65-72 
(n=26) 

73+ 
(n=23) 

P 
value 

64-72 
(n=25) 

73+ 
(n=20) 

P 
value 

40-59 
(n=11) 

60+ 
(nMAX=14) 

P 
value 

22-28 
(n=13) 

29+ 
(n=10) # 

P 
value 

Total protein (g/l)             

Mean (SD) 0.48 (0.18) 0.40 (0.18) 0.15 0.62 (0.36) 0.65 (0.38) 0.78 0.41 (0.17) 0.53 (0.25) 0.19 0.55 (0.30) 0.52 (0.11) 0.31^ 

Median (IQR) 0.48 (0.33, 
0.59) 

0.37 (0.33, 
0.49) 

 0.48 (0.40, 
0.67) 

0.56 (0.40, 
0.81) 

 0.38 (0.28, 
0.54) 

0.47 (0.34, 
0.69) 

 0.45 (0.39, 
0.64) 

0.50 (0.45, 
0.61) 

 

Min, Max 0.20, 0.91 -0.07, 0.92  0.28, 1.72 0.24, 1.77  0.16, 0.64 0.18, 1.07  0.30, 1.37 0.39, 0.73  

Albumin (g/l)             

Mean (SD) 0.06 (0.02) 0.05 (0.02) 0.07 0.06 (0.03) 0.06 (0.03) 0.82^ 0.04 (0.03) 0.04 (0.02) 0.97 0.08 (0.10) 0.07 (0.02) 0.34^ 

Median (IQR) 0.05 (0.04, 
0.07) 

0.04 (0.03, 
0.05) 

 0.05 (0.04, 
0.08) 

0.06 (0.04, 
0.08) 

 0.05 (0.02, 
0.05) 

0.04 (0.03, 
0.06) 

 0.06 (0.04, 
0.09) 

0.08 (0.06, 
0.09) 

 

Min, Max 0.03, 0.10 0.02, 0.09  0.03, 0.12 0.03, 0.14  0.00, 0.10 0.01, 0.09  0.02, 0.40 0.03, 0.09  

Glucose (mmol/l)             

Mean (SD) 0.03 (0.07) 0.01 (0.03) 0.09^ 0.01 (0.02) 0.02 (0.02) 0.42^ 0.07 (0.01) 0.07 (0.01) 0.38 0.04 (0.01) 0.03 (0.01) 0.14 

Median (IQR) 0.01 (0.00, 
0.03) 

0.01 (0.00, 
0.01) 

 0.00 (0.00, 
0.03) 

0.01 (0.00, 
0.03) 

 0.06 (0.06, 
0.07) 

0.07 (0.06, 
0.08) 

 0.03 (0.03, 
0.05) 

0.03 (0.03, 
0.04) 

 

Min, Max 0.00, 0.38 -0.01, 0.12  0.00, 0.06 0.00, 0.05  0.06, 0.09 0.06, 0.10  0.03, 0.06 0.01, 0.06  

Iron (umol/l)             

Mean (SD) 0.21 (0.11) 0.24 (0.20) 0.49 0.39 (0.25) 0.32 (0.18) 0.70^ 0.84 (0.19) 1.00 (0.45) 0.29^ - -  

Median (IQR) 0.18 (0.14, 
0.29) 

0.17 (0.10, 
0.36) 

 0.30 (0.22, 
0.49) 

0.28 (0.23, 
0.39) 

 0.81 (0.70, 
1.02) 

0.83 (0.77, 
1.02) 

 - -  

Min, Max 0.03, 0.47 0.04, 0.76  0.14, 1.09 0.09, 0.85  0.61, 1.18 0.71, 2.24  - -  

Significance level set at p≤0.05. Continuous variables presented as mean and SD, median (IQR) and minimum and maximum values. Independent samples t-tests conducted for differences 

in biomarkers according to age group. ^Mann Whitney t-test to look for differences in skewed biomarkers according to age group. –Iron not compared as overall results were not 

comparable with the three other studies #One less participant included as no age was recorded. 
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Table 3.10A Descriptive statistics of salivary biomarkers at baseline in DHAS and DENHAB studies according to BMI 

 
Studies  DHAS    DENHAB *  

 Normal 
(n=17) 

Overweight 
(n=20) 

Obese 
(n=12) 

P value Normal 
(n=11) 

Overweight 
(n=16) 

Obese 
(n=17) 

P value 

Total protein (g/l)         

Mean (SD) 0.46 (0.21) 0.42 (0.19) 0.45 (0.13) 0.78 0.52 (0.29) 0.86 (0.46) 0.50 (0.19) 0.008 

Median (IQR) 0.42 (0.34, 
0.53) 

0.42 (0.32, 
0.51) 

0.48 (0.33, 
0.54) 

 0.44 (0.35, 
0.56) 

0.73 (0.50, 
1.07) 

0.46 (0.37, 
0.64) 

 

Min, Max 0.20, 0.92 -0.07, 0.84 0.24, 0.69  0.28, 1.31 0.39, 1.77 0.24, 0.93  

Albumin (g/l)         

Mean (SD) 0.05 (0.02) 0.05 (0.02) 0.05 (0.02) 0.45 0.05 (0.03) 0.07 (0.02) 0.05 (0.02) 0.06^^ 

Median (IQR) 0.04 (0.03, 
0.05) 

0.05 (0.03, 
0.08) 

0.05 (0.04, 
0.07) 

 0.04 (0.03, 
0.07) 

0.07 (0.05, 
0.09) 

0.05 (0.04, 
0.07) 

 

Min, Max 0.03, 0.09 0.02, 0.10 0.02, 0.09  0.03, 0.14 0.03, 0.12 0.03, 0.10  

Glucose (mmol/l)         

Mean (SD) 0.01 (0.03) 0.02 (0.02) 0.04 (0.11) 0.21^^ 0.008 (0.01) 0.01 (0.01) 0.02 (0.02) 0.32^^ 

Median (IQR) 0.00 (0.00, 
0.01) 

0.01 (0.003, 
0.03) 

0.01 (0.00, 
0.03) 

 0.00 (0.00, 
0.02) 

0.01 (0.00, 
0.03) 

0.02 (0.00, 
0.03) 

 

Min, Max 0.00, 0.12 -0.01, 0.09 0.00, 0.38  0.00, 0.04 0.00, 0.04 0.00, 0.06  

Iron (umol/l)         

Mean (SD) 0.22 (0.17) 0.22 (0.17) 0.23 (0.14) 0.88^^ 0.34 (0.17) 0.34 (0.26) 0.40 (0.22) 0.50^^ 

Median (IQR) 0.18 (0.09, 
0.32) 

0.18 (0.12, 
0.26) 

0.19 (0.11, 
0.34) 

 0.30 (0.22, 
0.45) 

0.35 (0.20, 
0.39) 

0.29 (0.24, 
0.50) 

 

Min, Max 0.03, 0.71 0.04, 0.76 0.07, 0.49  0.18, 0.67 0.09, 1.09 0.20, 0.89  

Significance level set at p≤0.05. Continuous variables presented as mean and SD, median (IQR) and minimum and maximum values. ANOVA conducted for differences 

in BMI (3 groups) ^^Kruskal-Wallis test conducted for differences in skewed biomarkers according to BMI (3 groups). Independent samples t-tests conducted for 

differences in biomarkers according to BMI (2 groups). ^Mann Whitney t-test to look for differences in skewed biomarkers according to BMI (2 groups). LSD post-hoc 

tests were used to see where the significant differences existed. *n=44 as BMI was not able to calculated in one participant –Iron not compared as overall results 

were not comparable with the three other studies. 
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Table 3.10B Descriptive statistics of salivary biomarkers at baseline in TME and BREAKFAST studies according to BMI 
 

Studies  TME    BREAKFAST  

 Normal 
(n=5) 

Overweight 
(n=14) 

Obese 
(n=6) 

P value Normal 
(n=18) 

Overweight 
(n=6) 

P value 

Total protein (g/l)        

Mean (SD) 0.41 (0.18) 0.48 (0.26) 0.53 (0.18) 0.66 0.56 (0.25) 0.44 (0.07) 0.20^ 

Median (IQR) 0.37 (0.25, 
0.59) 

0.38 (0.32, 
0.65) 

0.58 (0.36, 
0.66) 

 0.47 (0.44, 
0.69) 

0.40 (0.39, 
0.52) 

 

Min, Max 0.18, 0.64 0.16, 1.07 0.28, 0.76  0.30, 1.37 0.39, 0.54  

Albumin (g/l)        

Mean (SD) 0.02 (0.02) 0.04 (0.02) 0.06 (0.02) 0.03 0.08 (0.08) 0.05 (0.02) 0.25^ 

Median (IQR) 0.03 (0.005, 
0.04) 

0.05 (0.02, 
0.05) 

0.06 (0.05, 
0.07) 

 0.08 (0.04, 
0.09) 

0.05 (0.04, 
0.07) 

 

Min, Max 0.00, 0.04 0.01, 0.09 0.05, 0.10  0.02, 0.40 0.03, 0.08  

Glucose (mmol/l)        

Mean (SD) 0.07 (0.01) 0.07 (0.01) 0.07 (0.01) 0.87 0.04 (0.01) 0.04 (0.01) 0.53 

Median (IQR) 0.06 (0.06, 
0.08) 

0.07 (0.06, 
0.07) 

0.07 (0.06, 
0.09) 

 0.03 (0.03, 
0.04) 

0.04 (0.03, 
0.05) 

 

Min, Max 0.06, 0.08 0.06, 0.10 0.06, 0.09  0.01, 0.06 0.03, 0.06  

Iron (umol/l)        

Mean (SD) 0.87 (0.08) 0.96 (0.48) 0.92 (0.19) 0.48^^ - -  

Median (IQR) 0.83 (0.82, 
0.94) 

0.77 (0.73, 
0.93) 

0.93 (0.75, 
1.08) 

 - -  

Min, Max 0.81, 1.01 0.61, 2.24 0.67, 1.18)  - -  

Significance level set at p≤0.05. Continuous variables presented as mean and SD, median (IQR) and minimum and maximum values. ANOVA conducted for 

differences in BMI (3 groups) ^^Kruskal-Wallis test conducted for differences in skewed biomarkers according to BMI (3 groups). Independent samples t-tests 

conducted for differences in biomarkers according to BMI (2 groups). ^Mann Whitney t-test to look for differences in skewed biomarkers according to BMI (2 

groups). LSD post-hoc tests were used to see where the significant differences existed.–Iron not compared as overall results were not comparable with the three 

other studies. 
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Table 3.11 Mean change (95% CI) from baseline in salivary biomarkers in each of the studies with multiple time points 

 
 TP0-TP1 TP0-TP2 TP0-TP3 P value 

DENHAB a     

Total protein (g/l) -0.03 (-0.12, 0.06) -0.09 (-0.17, -0.002) -0.09 (-0.17, -0.004) 0.07#
 

Albumin (g/l) -0.001 (-0.01, 0.008) -0.003 (-0.01, 0.004) -0.008 (-0.02, 0.002) 0.59#
 

Glucose (mmol/l) 0.02 (-0.02, 0.05) 0.003 (-0.004, 0.009) 0.005 (-0.006, 0.02) 0.53#
 

Iron (umol/l) 0.13 (0.006, 0.26) 0.18 (0.007, 0.36) 0.14 (-0.05, 0.33) 0.03 

TME b     

Total protein (g/l) 0.009 (-0.07, 0.09) 0.11 (-0.04, 0.25) 0.03 (-0.05, 0.10) 0.73 

Albumin (g/l) 0.002 (-0.006, 0.01) 0.005 (-0.01, 0.02) 0.001 (-0.006, 0.008) 0.74 

Glucose (mmol/l) 0.0007 (-0.003, 0.004) 0.00 (-0.003, 0.003) -0.003 (-0.007, 0.002) 0.66 

Iron (umol/l) 0.18 (0.04, 0.33) 0.82 (0.24, 1.41) 0.33 (0.07, 0.59) 0.14#
 

BREAKFAST c     

Total protein (g/l) -0.07(0.27) (-0.18, 0.05) - - 0.24 

Albumin (g/l) -0.02 (-0.05, 0.02) - - 0.41 

Glucose (mmol/l) 0.001 (-0.006, 0.008) - - 0.71 

Iron (umol/l) -0.009 (-0.03, 0.01) - - 0.42 

Significance level set at p≤0.05. Results presented as the mean change from baseline to each of the time points. Minus (-) represents a reduction in biomarker levels. Repeated 

measures ANOVA was used to look for differences over time in the biomarkers, where superscripts represent: a DENHAB: TP0= Baseline, TP1=6 weeks, Time point 2 (TP2) =4 

months, TP3=8 months b TEAM-MED Extend (TME): TP0= Baseline, TP1=3 months, TP2= 6 months, TP3= 12 months c Breakfast study only had two time points which were 4 

weeks apart (T0 and T1) and paired samples t-test were used to look for differences in the biomarkers #Greenhouse-Geisser p value used if test of sphericity proved significant, 

otherwise sphericity assumed. LSD post-hoc tests were used to see where the significant differences existed. 
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3.6 DISCUSSION 

 
This chapter explored the use of serum-based methods to detect potential 

nutritional salivary biomarkers (i.e. total protein, albumin, glucose and iron) in 

whole saliva of Northern Irish adults and older adults. The concentration of 

salivary biomarkers is known to be substantially lower compared to blood and, 

therefore, it may be difficult to detect some biomarkers [128]. For example, the 

saliva protein concentration has previously been shown to be 10-15 times 

lower compared to plasma [124]. This corresponds with the current study, 

which detected low levels of the four salivary biomarkers. To try to increase 

sensitivity, this was repeated using an increased sample volume (3x), but this 

made no difference as the levels still remained below the lower detection limit 

of the serum kit. The assay performance of the serum-based kits with saliva 

was poor, being imprecise and demonstrating poor reproducibility and, this 

suggests that they were not appropriate for use with saliva samples. Therefore, 

the findings in the current study are considered unreliable due to the high CVs. 

This is because, in stimulated saliva, the intra-assay CV ranged from 11.10- 

90.74%, and the inter-assay CV ranged from 6.49-113.98%. In unstimulated 

saliva, the intra-assay CV ranged from -238.76-49.71%.  

 

However, any potential issues regarding assay performance (i.e. sensitivity) 

were not clear prior to choosing the serum-based assay kits for analysis in this 

chapter. This was because the majority of the studies included in the 

systematic review discussed in Chapter 2, lacked an assessment of the assay 

CV performance and also basic details on saliva collection and analysis 

methods. Therefore, many of the poor and fair quality studies may be based 

on assays with poor reproducibility. However, many results of these studies 

were promising in relation to their use in detecting nutritional salivary 

biomarkers. Therefore, the assays were selected to explore if serum-based 

kits could be used to detect corresponding salivary biomarkers and an 

assessment of assay performance was also included. The assays were 

chosen based on the strongest limited available evidence regarding the 

detection of nutritional salivary biomarkers. Furthermore, the assays were 

suitable for use with the laboratory equipment in the CPH in QUB.   
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In the current study, when the saliva samples from the four studies were 

pooled, there were no significant differences observed in salivary biomarkers 

according to age or gender. When the iron results from the Breakfast study 

were excluded, due to the levels not being comparable to the three other 

studies and the intra-assay CV (-238.76) being meaningless, there were still 

no significant differences according to age or gender. This finding does not 

agree with one study which found reduced levels of salivary total protein in 

unstimulated saliva of the younger age group, compared to the older age group 

[170]. However, this study scored 4/9 in the quality assessment and did not 

describe any assessment of assay performance [170]. Iron levels observed in 

the Breakfast study may have differed to the three other studies for a number 

of reasons. The method of collection was different, as it involved unstimulated 

saliva by spitting and this may affect salivary composition, as previously 

mentioned in Chapter 1. The use of this method is not considered sterile and 

may be subject to bacterial degradation over time [142]. The results may also 

have differed as participants were younger. However, the main reason is 

thought to be due to the high CV, which indicates that the serum-based iron kit 

was not appropriate for detecting iron in saliva samples. 

Furthermore, iron levels in stimulated saliva samples were low and perhaps 

the stimulant caused assay interference which affected the biomarker levels 

[246]. However, with older adults who often experience self-reported 

xerostomia, as previously mentioned in Chapter 1, this can be the only option 

to collect saliva. It is, therefore, suggested that stimulants should be used 

sparingly and in a consistent manner throughout the study [247]. Existing 

studies have measured iron in unstimulated saliva [167,234] and stimulated 

saliva [165] and the levels were much higher than observed in the current 

study. Results may differ as the drooling method was used to collect saliva and 

ICP-MS was used to measure biomarkers [234]. The other study does not state 

the exact analysis method used, apart from the mention of assays [165,167]. 

It is important to note, that although these studies found higher levels of 

salivary iron, they did not describe any assessment of assay performance, as 

previously mentioned in Chapter 2. 
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The calculation of BMI can be used within a nutritional status assessment, and 

this was also an anthropometric measurement taken across the four studies. 

In the current study, salivary biomarker results were pooled and compared 

according to BMI, and it was found that salivary iron levels were significantly 

higher in overweight (p=0.01) and obese (p=0.01) participants compared to 

normal weight participants. However, when the iron results from the Breakfast 

study were excluded, this finding did not remain significant (p=0.42). This 

demonstrates the effect that the high CV of salivary iron may have had on the 

results. No previous studies have been published in relation to BMI and 

salivary iron levels. However, research has previously found that stimulated 

salivary total protein levels were significantly higher in obese children 

compared to overweight and control children, without adjustment for 

confounders [204]. The difference in results may be due to the different 

analysis method (i.e. Folins phenol reagent) and the measurement in children, 

compared to adults and older adults in the current study. 

In the current study, salivary biomarkers were compared over time where 

possible, and results found that only salivary iron levels were significantly 

higher between baseline and TP2 (i.e. four months) in the DENHAB study, but 

not in TME or the Breakfast study. However, as all participants were included 

in the analysis, this may have resulted in an effect of the intervention being 

picked up. This is because study participants in the intervention group may 

have changed their diet since baseline, as they were encouraged to either 

consume more fruit and vegetables, proteins or wholegrains. Vegetables and 

cereals (i.e. wholegrains) are a rich source of non-haem iron, while haem-iron 

is found mainly in meat [248], and these may have been sources that increased 

iron in the diet. If participants increased their intake of these foods, it is possible 

to suggest that salivary iron levels may have increased as well. It is important 

to remember that the inter- and intra-assay CVs were still high using stimulated 

saliva, and it is currently unknown whether salivary iron levels would reflect 

dietary iron intake, as no previous studies have explored this relationship. 

Furthermore, no other significant differences were observed over time for 

salivary total protein, albumin and glucose. Therefore, this may suggest that 

the serum-based kit was not appropriate to detect changes over time in the 

salivary biomarker levels. 



134  

The relationship between the salivary biomarkers and dietary intake was not 

investigated further in this study due to the high inter- and intra-assay CV 

results and so any further analysis may have been misleading and was not 

considered appropriate. Previous evidence has, however, found no significant 

association between salivary total protein and dietary protein intake, whether 

it was investigated in adolescents [215,216], adults [180,216], or older people 

[216]. Similarly, no previous evidence found that salivary albumin reflected 

albumin in the diet in adolescents [215,216] adults [216], or older people [216]. 

Furthermore, no studies have previously explored the relationship between 

salivary iron or salivary glucose in relation to dietary intake of iron and glucose. 

Therefore, this study suggests that the use of serum-based kits is not 

appropriate for detecting the potential salivary biomarkers explored. It is 

possible that the results may have differed using other biomarkers previously 

mentioned (i.e. prealbumin, ferritin, TAS). Therefore, it is recognised that 

further research is required into the development of specific saliva-kits that can 

be used in relation to nutrients in saliva, before this area can be advanced. 

Due to the lack of existing methodology at present, the use of saliva is not a 

reliable or accurate option for measurement of nutritional status and dietary 

intake. 

3.6.1 Strengths and limitations 

Strengths of this study include that it was an exploratory study which looked at 

whether kits designed for serum biomarkers could be used to measure salivary 

biomarkers in a Northern Irish population. The study pooled results from four 

studies to increase the power of the findings. As both stimulated and 

unstimulated saliva samples were collected it allowed for comparability of the 

salivary biomarkers between the methods. The saliva samples were collected 

across a range of ages and BMI was a common measurement, which allowed 

for comparisons to be made between the groups. As some of the studies were 

conducted over multiple time points it also allowed salivary biomarkers to be 

compared for consistency over time. 
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However, there were key challenges in the assessment of salivary biomarkers 

of nutritional status and/or dietary intake. The chosen serum-based kits found 

low levels of salivary biomarkers despite the increase in sampling volume and 

showed high inter- and intra-assay CVs. This suggested that the assay had 

poor reproducibility and the results are not reliable. However, it was still 

important to explore the use of these kits considering the majority of previous 

studies did not assess the assay performance. This was important to help 

determine whether the kits are suitable for detecting nutritional salivary 

biomarkers and advance this area of research in the future. The results 

obtained for iron in the Breakfast study included both positive and negative 

values, so the CV can be misleading as demonstrated in this study [249]. The 

samples analysed were previously collected as part of other studies which may 

not have been ideal, as these studies were not specifically designed for the 

purpose of the current analysis.  

 

Results may have differed if a greater number of participants in the studies had 

nutrition-related conditions (e.g. IDA, T2D, or undernutrition). Differences 

existed in the length of time that saliva samples had been frozen at -80C. 

Saliva samples analysed in DENHAB included both participants in the 

intervention and control groups and, the significant finding may have been due 

to an effect of the intervention. The availability of saliva- specific kits in relation 

to potential nutritional biomarkers is lacking, but the serum-based kits chosen 

ended up not being appropriate for use in the detection of the biomarkers 

explored in saliva. Due to time constraints, other potential nutritional salivary 

biomarkers could not be explored in this thesis. Further research is required 

into the design of saliva-specific kits that can be used to detect nutrients in 

saliva. 

 

3.7 CONCLUSION 

To conclude, this exploratory analysis of potential nutritional salivary 

biomarkers, found that serum-based kits were not appropriate for use with the 

nutritional salivary biomarkers. This was due to the poor assay performance, 

as demonstrated by the high inter- and intra-assay CVs, in contrast to the low 
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serum-based CVs. This suggested that the results for salivary biomarkers were 

unreliable. Previous research has shown biomarkers in saliva to be 

substantially lower compared to blood and, this may make it difficult to detect 

biomarkers. Many of these studies did not describe any assay performance 

assessment when using serum-based kits and, therefore, this suggests that 

those results may also be based on unreliable findings. More specific and 

sensitive methods are required to evaluate salivary biomarkers as indicators 

of nutritional status. Once these are available, research should be conducted 

in populations with and without nutritional conditions and in comparison to 

blood sample results. Due to the lack of specific methodology at present, the 

use of saliva using serum-based kits, is not currently an appropriate alternative 

for capturing nutritional status and dietary intake. 
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4.1 INTRODUCTION 

 
4.1.1 Serum inflammatory biomarkers 

 
Over nutrition is a growing public health issue, with two-thirds of the UK 

population being either overweight or obese, as previously mentioned in 

Chapter 1 [84]. This is associated with an increased risk of non-communicable 

diseases (NCDs) including: T2D, coronary heart disease, stroke, asthma, and 

several cancers [250]. Being obese predisposes individuals to a pro- 

inflammatory state due to the increased presence of pro-inflammatory 

cytokines in body fat [251] and lower levels of anti-inflammatory markers (e.g. 

adiponectin) [252]. Therefore, inflammation is defined as a biological response 

of vascular tissues to damaging stimuli [253]. However, being obese is a 

modifiable risk factor, as individuals can lose weight by making changes to 

their diet, increased physical activity or with the aid of surgery. Medication can 

also be used to aid weight loss, such as orlistat, which acts by blocking the 

lipase enzyme that breaks down fats in the diet [254]. These positive changes 

in weight can be beneficial to the levels of inflammatory markers in blood, as a 

recent review of 76 studies found that, amongst all but three studies, weight 

loss induced by energy restriction or surgery in overweight and obese subjects, 

was associated with a significant reduction in plasma inflammatory cytokines 

and, subsequently, inflammation [251]. This will help to reduce the 

development of NCDs. 

4.1.2 Salivary inflammatory biomarkers 

 
It is standard practice for inflammatory biomarkers to be measured in blood 

during a nutritional assessment, as previously shown in Table 1.5 of Chapter 

1 [102,253]. However, the use of salivary biomarkers have been considered 

as being a promising non-invasive and less expensive option to assess 

systemichealth [255]. This is due the advantages that saliva has over blood as 

previously mentioned in Chapter 1. For example, it is non-invasive, has a 

reduced risk of cross-contamination and also reduced feelings of anxiety. As 

previously mentioned in Chapter 1, a systematic review in 2015 [124] and a 

mini review specifically on salivary inflammatory biomarkers in 2016 [253] 

demonstrated the use of inflammatory salivary biomarkers in the diagnosis of 
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different conditions, such as, cancer, chronic kidney disease, diabetes, CVD 

and oral diseases. The systematic review presented in Chapter 2 also 

identified various potential nutritional biomarkers in saliva, while Chapter 3 

suggested that the methods currently available to analyse nutritional salivary 

samples were unreliable and inappropriate. 

Despite findings in Chapter 3, other analysis methods may be available to 

detect inflammatory biomarkers in saliva. Saliva may, therefore, be useful as 

a non-invasive approach to monitor inflammation and indicate disease risk. It 

was noted that salivary proteins, whether inflammatory or nutritional, may be 

altered in the presence of inflammation [124], as previously mentioned in 

Chapter 1. A study published after these reviews in 2017, focused on the anti- 

inflammatory biomarker ‘adiponectin’, which showed a modest association in 

serum and saliva in adults [255]. This suggests that salivary adiponectin may 

be useful as a marker of inflammation [255]. However, in 2019 in healthy young 

males, a weak correlation was only observed between interleukin-6 (IL-6) in 

saliva and blood, while other biomarkers such as, CRP and tumour necrosis 

factor-alpha (TNF-α) showed no significant correlations [256]. There were, 

however, significant positive correlations between salivary CRP and IL-6 

measured on different days, indicating their reproducibility [256]. Therefore, 

the current evidence is still promising regarding the use of saliva to assess 

inflammatory biomarkers. 

In 2018, a community-based study was conducted by researchers from QUB, 

in relation to the effect of physical activity on inflammatory salivary biomarkers 

[257]. The authors focused on various inflammatory biomarkers in saliva 

including: adiponectin, leptin, IL-6, interleukin-8 (IL-8), interleukin-10 (IL-10), 

CRP, TNF-α, insulin-like growth factor binding protein-3 (IGFBP-3) and 

lipocalin-2. These inflammatory biomarkers were analysed using a custom 

designed magnetic Luminex assay kit. This method could not be used in 

Chapter 3 as the biomarkers were not suitable for the customised assay. 

Findings showed that an increased level of physical activity was significantly 

correlated with a reduction in salivary TNF-α levels over the one week period, 

while the other salivary biomarkers were not correlated with increased physical 

activity [257]. These biomarkers were considered important as they are 
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thought to be mediators in the association between physical activity and NCDs 

(e.g. cancer) [258–260]. The advantage of this study was that it was nested 

within a community-based health programme which collected data on weight 

change. This dataset provided the opportunity to explore the effect of weight 

change on inflammatory salivary biomarkers. 

This is yet to be explored in the general population, and should be explored to 

see if weight change has the same effect on inflammatory salivary biomarkers 

as it does in serum biomarkers. Before discussing this exploratory analysis, a 

literature review is presented in relation to the effect of weight change on both 

serum and salivary biomarkers as previously mentioned. 

4.1.3 Effect of weight change on serum and salivary inflammatory 

biomarkers literature review 

4.1.3.1 Serum Adiponectin 

 
Adiponectin is a tissue-specific protein hormone, produced and released into 

circulation by adipose tissue, and levels tend to be relatively constant and not 

affected by food intake, unlike leptin [261]. Adiponectin is proposed to have an 

anti-inflammatory effect on cellular vascular components and, therefore, higher 

levels may be beneficial [262]. Adiponectin concentration in plasma is 1000 

times greater than leptin [263]. As yet, no systematic reviews have been 

published on the effect of weight change on serum adiponectin levels. In the 

US, higher baseline adiponectin levels were associated with greater weight 

gain in healthy women [264], while low baseline levels did not predict weight 

gain in overweight and obese adults [265]. Therefore, adiponectin levels tend 

to be lower in obese individuals and higher in the healthy population at 

baseline. 

Clinical trials found that weight loss was associated with a beneficial increase 

in adiponectin levels in overweight/obese adults over three months in Korea 

[266], three years in a Scandinavian population [254], two years in the US 

[267,268], and amongst overweight postmenopausal women over 18 months 

in the US [269]. It was also observed that longer term weight loss needed to 

be greater than 10% (~12kg) to lead to increased adiponectin levels [254]. The 

use of gastric surgery also resulted in a significant increase in adiponectin 
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levels in severely obese adults in Taiwan [262] and adult females in the US 

[270,271]. However, one US study found that adiponectin levels decreased 

amongst those on a calorie-reduced diet [272]. The results may differ as the 

study only included healthy normal weight adult women over a four week 

period [272]. Other studies found that diet-induced moderate weight loss did 

not lead to changes in adiponectin levels over 12 weeks in normal and obese 

women in Italy [273], with home-based exercise over 12 months in normal or 

overweight women in Brazil [274] or using diet and exercise over six months 

in the US in overweight and obese postmenopausal women [263,275]. 

Therefore, prolonged periods of energy-restricted diets may be required [273]. 

These non-significant findings may differ as women were recruited from eating 

disorder clinics [273] and previously suffered from breast cancer [263]. 

4.1.3.2 Salivary Adiponectin 

 
Studies have shown that adiponectin can be measured in saliva of healthy 

adults in Japan and Texas respectively, however wide individual variability 

existed [276,277]. Salivary adiponectin levels corresponded to plasma 

adiponectin levels in those older than the median age (43 years old) [277]. 

Evidence in Italy observed no significant difference between adiponectin levels 

in obese adults compared to controls [174]. One study conducted in obese 

adults in Germany who underwent different bariatric procedures, found that 

adiponectin levels increased as participants lost weight over a 12-month period 

[278]. This increase in salivary adiponectin with weight loss corresponds to that 

observed in serum adiponectin. However, there have been no studies which 

have investigated the effect of weight change, without surgery, on salivary 

adiponectin in the general adult population. 

4.1.3.3 Serum Leptin 

 
Leptin is a protein hormone which circulates in the body at concentrations 

proportional to fat mass and, subsequently, inhibits food intake as it reduces 

feelings of hunger [261]. Therefore, as individuals lose weight it is anticipated 

that this is linked with a reduction in leptin levels. A systematic review of nine 

studies found that the evidence was conflicting, as two studies found that 

reductions in leptin during weight loss predicted weight regain, three studies 
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found a smaller decline in leptin during weight loss was associated with a larger 

weight regain and four studies found no association [279]. In relation to weight 

loss, studies have shown a decrease in leptin levels in US obese adults over 

14 days [280], three to six months [281], and in morbidly obese over 10 weeks 

[282], as well as obese US women over 40 weeks [283], obese adults in Korea 

over three months [266], overweight postmenopausal women in the US over 

18 months [269], healthy normal weight women in the US over four weeks 

[272] and over 16 weeks in overweight and obese postmenopausal women in 

Netherlands [284]. Weight loss >15% over six months led to greater reductions 

in leptin levels in overweight and obese post-menopausal breast cancer 

survivors in the US [263]. These weight loss studies used either a combination 

of diet and/or physical activity and leptin levels had a greater reduction in those 

with a greater weight loss. However, weight gain was associated with higher 

leptin levels, as 1.68kg weight gain was associated with a 10mg/ml increase 

in leptin concentration in US adult males [285]. 

4.1.3.4 Salivary Leptin 

 
In general, levels of salivary leptin in young healthy individuals were similar to 

serum leptin levels [286]. Levels were higher in overweight females compared 

to normal weight females in India [287], while no difference was found between 

normal-underweight and overweight-obese males in Malaysia [288]. Hip 

circumference was the most important predictor of salivary leptin levels in 

normal weight participants, and height amongst overweight and obese [288]. 

However, the effect of weight change on salivary leptin is unknown in the 

general adult population. 

4.1.3.5 Serum Interleukin-6 

 
IL-6 is a pro-inflammatory cytokine secreted by adipose tissue [268] and, 

therefore, lower levels would be beneficial. Levels of IL-6 were higher in obese 

individuals, and this corresponds with the higher level of adipose tissue and, 

subsequently, the secretion of IL-6 by adipose tissue [266]. As yet, no 

systematic reviews have been published on the effect of weight change on IL- 

6 levels. Weight loss was associated with a reduction in serum IL-6 in obese 

women on calorie restricted diets, over a three week period in France [289] 
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and 12 week period in Iran [290], and in a behavioural weight loss program 

over two years in overweight/obese adults in the US [268]. Levels were also 

reduced over three months using a combination of exercise and dietary intake 

restriction in obese Korean adults [266]. Following bariatric surgery, IL-6 levels 

significantly reduced after 12 months amongst female adults in Spain [271]. 

4.1.3.6 Salivary Interleukin-6 

 
There have been no studies exploring the effect of weight change on salivary 

IL-6 in the general adult population. Current evidence is in relation to IL-6 levels 

in obese individuals. Studies showed higher levels of salivary IL-6 in obese 

adults [291] and children [292], compared to normal weight individuals, as well 

as a positive correlation between salivary IL-6 levels and BMI [291,292]. 

4.1.3.7 Serum Interleukin 8 

 
IL-8 is a pro-inflammatory cytokine related to fat mass and higher levels were 

found in obese adults [293]. As yet, no systematic reviews have been 

published on the effect of weight change on IL-8 levels. Obese adults in 

Denmark on a very low calorie diet, found that weight loss maintained for 20 

weeks was associated with an increase in circulating IL-8 [294]. However, 

there was no control group to compare against and the mean BMI after 20 

weeks was still in the obese category (33.8kg/m2) which may explain the high 

IL-8 levels [294]. This result may also suggest that weight loss actually 

stimulates the production of IL-8 in other cells [294]. 

4.1.3.8 Salivary Interleukin 8 

 
There is a lack of evidence regarding salivary IL-8 and weight or weight change 

in the general adult population. However, existing evidence suggests that IL-8 

can be measured in saliva, as a systematic review found that salivary IL-8 was 

detectable in those with and without chronic periodontitis [295]. Similarly, 

evidence found a positive correlation between salivary adiponectin and 

salivary IL-8 in adults [255]. 

4.1.3.9 Serum Interleukin 10 

 
IL-10 is an anti-inflammatory cytokine, produced by activated monocytes and 

lymphocytes and so increased levels may be beneficial [266]. As yet, no 
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systematic reviews have been published on the effect of weight change on IL- 

10 levels. Evidence found that over two years, IL-10 levels were not associated 

with weight in overweight/obese adults in the US undergoing behavioural 

weight loss treatment [268]. Upon dietary restriction and exercise, levels of IL- 

10 increased over 12 weeks in obese Korean adults [266]. Other studies found 

that moderate weight loss amongst premenopausal women was not enough to 

significantly affect IL-10 levels in Italy [273] or Iran [290]. This may suggest that 

prolonged periods of energy restriction is required to positively affect IL- 10 

levels [273]. 

4.1.3.10 Salivary Interleukin-10 

 
There have been no studies that have explored the effect of weight change on 

salivary IL-10 in the general adult population. Current evidence, however, 

suggests that salivary IL-10 levels were not significantly different between 

obese and non-obese adults, and salivary IL-10 levels positively correlated 

with salivary IL-6 levels in those with obesity [291]. 

4.1.3.11 Serum Tumour Necrosis Factor-alpha 

 
TNF-α is a pro-inflammatory cytokine secreted by adipose tissue and so lower 

levels may be beneficial [268]. As yet, no systematic reviews have been 

published on the effect of weight change on TNF-α levels. Evidence indicated 

that TNF-α levels were significantly higher in obese adults [268,294] and 

positively correlated with BMI [294]. However, no association was observed 

between weight changes and TNF- α changes over two years in the US [268]. 

Other studies found that TNF-α levels were significantly reduced following 

weight loss in obese adults in Korea over three months in an exercise and 

dietary restriction program [266], morbidly obese adults over 10 weeks on a 

very low calorie diet [282] and amongst obese adults in Denmark in a 20 week 

dietary intervention [294]. However, different rates of weight loss were 

observed and, therefore, it may not be a useful indicator of weight loss 

compliance [282]. 
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4.1.3.12 Salivary Tumour Necrosis Factor-alpha 

 
There have been no studies exploring the effect of weight change on salivary 

TNF-α in the general adult population. However, one study found that TNF-α 

was detectable in children’s saliva, but levels were similar in obese and normal 

weight children [296]. 

4.1.3.13 Serum C – Reactive Protein 

 
CRP is a sensitive, non-specific marker of systemic inflammation 

predominantly produced by the liver [297]. The synthesis of CRP is initiated by 

pro-inflammatory cytokines, such as IL-6 due to oxidative stress [298]. A 

systematic review concluded that weight loss was an effective method of 

reducing CRP levels, specifically for each 1kg of weight lost, the mean CRP 

reduced by 0.13mg/L [299]. Following bariatric surgery, CRP levels in female 

adults were significantly reduced after 12 months [271]. Since the review, an 

intervention involving eight weeks on a very low energy diet and taking either 

orlistat or a placebo with lifestyle intervention for three further years, found that 

achieving a significant decrease in CRP levels required weight loss of more 

than 10% (~12kg) in obese participants in Denmark [254]. Furthermore, 

longitudinal evidence on weight gain and CRP levels is conflicting, with faster 

weight gain being associated with a greater risk of elevated CRP levels in 

Chinese adults [300]. The rate of weight gain was previously weakly 

associated with increased CRP levels in women living in Italy [301]. However, 

home-based exercise did not lead to changes in CRP levels in 

normal/overweight women participating in a 12 month RCT in Brazil [274]. This 

suggests the importance of greater weight loss in reducing CRP levels and/or 

greater intensity than low-moderate exercise [274]. 

4.1.3.14 Salivary C – Reactive Protein 

 
There have been no studies exploring the effect of weight change on salivary 

CRP in the general adult population. Currently, the evidence is in relation to 

salivary CRP levels being significantly higher in overweight/obese children 

compared to normal weight children [302]. However, a recent review indicated 

that CRP was detectable in saliva, but poorly reflected systemic inflammation 

due to the inconsistent and weak correlation with serum CRP [303]. 
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4.1.3.15 Serum Insulin-like growth factor-binding protein-3 

 
IGFBP-3 is a marker of inflammation circulating in plasma and predominantly 

binds to insulin-like growth factor-1 [304]. As yet, no systematic reviews have 

been published on the effect of weight change on IGFBP-3 levels. Evidence 

found that weight loss attributed to dietary restriction and exercise, was 

associated with a reduction in IGFBP-3 levels amongst overweight and obese 

postmenopausal women over 12 months in the US [304] and in obese children 

over two months in Tunisia [305]. Dietary restriction alone for 12 weeks in 

overweight and obese male adults influenced weight loss and reduced IGFBP- 

3 levels [306]. Despite weight loss, IGFBP-3 levels remained unchanged at the 

end of a 12 month exercise and energy restriction study amongst pre- 

menopausal women in the UK [307]. However, the assay (i.e. 

immunoradiometric assay) may not have been able to reflect IGFBP-3 levels, 

as proteolysis may be higher in insulin-resistant individuals which accounted 

for 75% in the study [307]. Therefore, this may explain the difference in the 

results, as well as the participants having a non-random allocation to groups 

[307]. 

4.1.3.16 Salivary Insulin-like growth factor-binding protein-3 

 
There is a lack of literature in relation to salivary IGFBP-3 and weight or weight 

change in the general adult population. Previous studies have illustrated that 

IGFBP-3 is detectable in saliva [308,309] using an enzyme-linked 

immunosorbent assay in adults [309]. 

4.1.3.17 Serum Lipocalin-2 

 
Lipocalin-2 is a glycoprotein, also known as LCN2 or neutrophil gelatinase- 

associated glycoprotein [310]. As yet, no systematic reviews have been 

published on the effect of weight change on lipocalin levels. A higher level of 

lipocalin-2 has been observed in obese pre-pubertal children [310] and 

similarly BMI positively correlated with lipocalin-2 levels in obese adults [311– 

315], while other research in healthy volunteers found no correlation between 

lipocalin and BMI [316]. Following weight loss, lipocalin-2 levels reduced in 

overweight/obese women with polycystic ovary syndrome [317], levels 

correlated negatively with BMI in obese girls aged 9-15 years old [318] and no 
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change was observed in pre-pubertal children in Spain [310]. The difference in 

results may be due to the women being on a low-calorie diet, instructed to 

exercise and on medication for weight loss (i.e. orlistat or sibutramine) for six 

months [317]. The children were on a diet and lifestyle intervention but no 

medication for two years, and it is suggested that the liver, lung and 

macrophages may contribute to the level of lipocalin, aside from adipose tissue 

[310]. 

4.1.13.18 Salivary Lipocalin-2 

 
There is a lack of literature in relation to salivary lipocalin and weight or weight 

change in the general adult population. Previous studies, however, have 

demonstrated that lipocalin is detectable in saliva of healthy controls [319,320] 

and amongst cases with primary Sjögren’s syndrome [319] and acute renal 

colic [320]. 

Therefore, based on the current evidence, it is clear that inflammatory 

biomarkers are raised in those who are overweight or obese. However, weight 

loss is generally associated with a reduction in serum inflammatory biomarkers 

and an increase in anti-inflammatory biomarkers. Saliva has been shown to be 

an alternative biological matrix that can be used to non-invasively measure 

inflammatory biomarkers. However, only one study has previously explored 

salivary adiponectin levels in relation to weight loss, but this was using bariatric 

surgery. Therefore, it is unknown whether a change in weight during a 

community-based health programme, will affect inflammatory salivary 

biomarkers. 

4.2 AIM 

 
To explore the relationship between weight change and inflammatory salivary 

biomarkers 

4.3 OBJECTIVE 

 
To explore the effect of weight change on inflammatory salivary biomarkers in 

Northern Irish adults participating in a community-based health programme 
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4.4 METHODS 

 
4.4.1 Study population and design 

 
Ballygalgets Biggest Loser (BBL) was a community-based health promotion 

and physical activity challenge amongst adults. Those involved in the 

challenge were able to volunteer to also take part in a prospective salivary 

biomarkers research study nested within the challenge. The challenge and 

salivary biomarkers study took place between January and March 2018 over a 

10 week period in the lower Ards Peninsula area, NI. The challenge was 

advertised through social media posts, word-of-mouth and posters in local 

businesses. Participants involved in the BBL paid £15 to register and weekly 

payments thereafter of £5. QUB did not receive any money, as the collected 

money went towards the group. Participants were assigned to teams, with 

approximately 15 other individuals of a similar age. The challenge involved 

participants taking part in weekly classes and physical activities in a team 

setting, as well as weekly weigh-in nights to help monitor any changes in 

weight and BMI. Teams were awarded points and individuals with the highest 

percentage weight loss in each category were awarded a prize. 

4.4.2 Ethical approval 

 
Ethical approval was obtained from the Research Ethics Committee of the 

Faculty of Medicine at QUB (Ref: 17.55v2). Written informed consent was 

obtained from all participants at baseline. The data collected were anonymous 

and treated securely and confidentially according to the Data Protection Act. 

4.4.3 Participant recruitment 

 
To be included in the salivary biomarkers study, individuals had to be: 

 
 participating in the BBL challenge, either as a participant, motivator, 

volunteer organiser or committee member, with the aim of losing 

weight, and 

 aged between 25-65 years 

 
The recruitment of those outside of this age range was not permitted, as 

physical activity may have a different impact on the biomarkers in the younger 
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and older age groups. This was important for the initial research which used 

this dataset to investigate the effect of physical activity on salivary biomarkers 

over a one week period. The age group of 25-65 years was also considered of 

most interest in terms of the importance of promoting physical activity and 

healthy weight in chronic disease prevention (e.g. obesity). Those with pre- 

existing medical conditions were eligible for participation in the salivary 

biomarkers study. 

A flow diagram of participant recruitment is shown below in Figure 4.1. In brief, 

participants were informed about the salivary biomarkers study initially at the 

meet and greet night by researchers (HC and CC). The following week (i.e. 

week 1) some BBL participants registered their interest in the salivary 

biomarkers study with the researchers (HC and CC). They then received a 

participant information sheet which contained information regarding the study 

(Appendix 9). 

After a one week cooling off period, written informed consent was obtained by 

researchers (DL and HC) on the first night of baseline data collection in terms 

of saliva, and questionnaires A and B (week 2) (Appendix 10). Participants 

returned in weeks 3, 8 and 10 for saliva collection, completion of questionnaire 

B and the accelerometer was either provided or returned to researchers (DL 

and CC). The overall dropout rate from the study was 41.4%, between weeks 

2 to 10. The salivary biomarkers study was planned to finish in week 9, but due 

to unforeseen circumstances the study was extended by one week, so that all 

remaining participants could complete the study in week 10. 
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Data collection Week (Time point) No. of 

Participants 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 4.1 Flow diagram of participant’s recruitment and data collection across time points in BBL 

 
 

4.4.4 Data Collection 

4.4.4.1 Questionnaires 

 
Participants completed questionnaire A at baseline which took no longer than 

10-15 minutes to complete (Appendix 11). Information collected included, age 

(years), gender, ethnicity and occupation. Occupation was categorised as low, 

medium and high socio-economic status (SES), according to the three class 

version of occupational status [321]. Participants were also asked questions in 

relation to their alcohol consumption, smoking status, dietary intake (i.e. fruit 

and vegetable consumption), medical conditions and regular use of medication 

(i.e. at least once a week for three months or more). At the four time points, 

participants were asked to complete section B of the questionnaire prior to 

Saliva collection 

Questionnaire B 

Return accelerometer 

& diary 

Week 10 

(Time point 

4) 

17 participants Total dropouts 

(n=12) from time 

point 1 to time 

point 4 (41.4%) 

2 dropouts 

(10.5%) 

19 participants 
Week 8 

(Time point 

3) 

Saliva collection 

Questionnaire B 

Gave accelerometer & 

diary 

9 dropouts (2 

excluded in 

analysis) (32.1%) 

28 participants Week 3 

(Time point 

2) 

Saliva collection 

Questionnaire B 

Return accelerometer 

& diary 

1 withdrawal 

(3.4%) 

29 participants 
Week 2 

(Time point 1 

- baseline) 

Informed consent Saliva 

collection Questionnaire 

A & B 

Gave accelerometer & 

diary 

Week 1 BBL challenge starts 
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saliva collection (Appendix 11). This included different factors which may have 

affected the biomarker levels in saliva such as: food consumption, liquids other 

than water in the hour prior to saliva collection, caffeine intake throughout the 

day, and if females were currently menstruating. The questionnaire results 

were entered into a Microsoft Excel spreadsheet by a member of the research 

team (CC) and quality checked by another researcher (DL). 

4.4.4.2 Anthropometric measurements 

 
The participant’s current weight was measured by the leaders of the BBL 

challenge at each of the four time points, using standard weighing scales, and 

was converted from stones to kg by researchers (DL and CC). Participant’s 

self-reported their height (metres). BMI was calculated by researchers (DL and 

CC) by dividing the weight in kilograms (kg) by height in metres (m2). 

4.4.4.3 Accelerometers 

 
Accelerometers (Actigraph GT3X+ monitors) [322] were worn by participants 

on their right hip using an elasticated belt, for two seven day periods, from 

weeks 2-3 (TP 1-2) and weeks 8-9. Participants may have worn the 

accelerometer during weeks 9-10 if they forgot to wear it between weeks 8-9 

(TP 3-4). Participants were shown how to wear the device and given an 

accelerometer information sheet in week 2 (TP 1) (Appendix 12). Participants 

were advised to remove the accelerometer if participating in water activities 

such as, swimming or showering and advised that it could be worn under or 

over clothing. They were asked to complete an accelerometer wear time diary 

(Appendix 11). This included day number, day of week, time monitor is put on 

in morning and taken off at night and other times that the monitor is removed. 

The accelerometer measured acceleration in 3-axes 100 times per second and 

enabled physical activity to be measured objectively. To remove noise from 

data, it was band-passed filtered and digitised into a representation of the 

analogue signal and up-scaled to a user-defined ‘epoch’. This was held as a 

‘count’ which represented the participant’s activity level within the window of 

interest. Data were screened and cleaned after each seven day period, using 

Actilife 6. Software [323]. This was completed prior to statistical analysis by a 

postdoctoral fellow of the research team (CCL). Data were examined to ensure 
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that each participant had at least four days of valid wear time (including one 

weekend day), with wear time per day being defined as a minimum of 10 hours 

wearing the monitor (CCL). When one of the accelerometers had continuous 

zeros for a period of ≥90 minutes this was classified as non-time wear. The 

counts per epoch (per minute) were classified according to the physical activity 

(PA) intensity classifications and transformed into counts per minute (CPM) by 

the same postdoctoral fellow (CC); sedentary (0-99 CPM), light intensity (100- 

1951 CPM), or moderate to vigorous (≥1952 CPM) PA per day and per week 

[324]. 

4.4.5 Collection and processing of whole saliva 

 
Participants provided an unstimulated saliva sample using the spitting method 

into a standard collection tube, at the start and end of the two seven day 

periods (i.e. four saliva samples) to the researcher (CC). Participants had 

previously been advised not to eat and only to drink water in the hour prior to 

saliva collection. This helped to ensure that salivary biomarkers were not 

affected. Saliva samples were stored immediately on ice, and kept at -20oC 

overnight. These were transferred by the researcher (CC) to a -80oC freezer 

at QUB the following day. The saliva samples were processed by thawing on 

ice and then centrifuged at 800 x g for 10 minutes (CC). This was followed by 

the removal of the supernatant and aliquoted before being stored at -80oC until 

analysis. 

4.4.6 Analysis of saliva samples 

 
The analysis of the salivary biomarkers took place at the Centre for 

Experimental Medicine (CEM) laboratory at QUB by researchers (CC and CF). 

Calibration and QC were carried out prior to analysis. As human interleukin- 

8/CXCL8 had previously been determined in saliva in other studies, its 

concentration using an ELISA kit helped to guide the dilution of saliva samples 

[325]. This was because the Luminex assay kits were not validated in saliva. 

Salivary biomarker panels were then analysed using a custom designed 

magnetic Luminex assay to detect a number of different inflammatory salivary 

biomarkers [326]. These included: adiponectin, leptin, IL-6, IL-8, IL-10, CRP, 

TNF-α, IGFBP-3 and lipocalin-2. Vitamin D binding protein (VDBP) was also 
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measured in weeks 2 and 3, however the assay was not available in weeks 8 

and 10. Therefore, VDBP was not included in the current analysis. 

The assay involved analyte-specific antibodies being pre-coated onto 

magnetic micro-particles contained within the Luminex array [326]. The 

standards, micro-particles and saliva samples were added to the wells and any 

immobilized antibodies are responsible for binding the analytes of interest. The 

wells were then washed to remove any unbound substances. Biotinylated 

antibody cocktail that is specific to each of the analytes of interest was added 

to each well. The biotinylation process involved binding of a biotin to each of 

the proteins. Any unbound biotinylated antibody was then removed by washing 

the wells. Streptavidin-PE was then added to each well to bind to the 

biotinylated antibody. Any unbound streptavidin-PE was removed with a final 

wash. Micro-particles were then resuspended in buffer, and a magnet in the 

analyser kept the micro-particles in one layer. Light emitting diodes then 

illuminated the micro-particles and this excites streptavidin-PE so that the 

amount of analyte bound to micro-particles could be measured. Images were 

then taken of the wells using a charged coupled device camera. Supernatant 

sample results were compared to known value standards to determine levels 

of biomarkers in saliva samples. 

4.4.7 Statistical methods 

 
Statistical analysis was carried out using SPSS for Windows version 21.0. To 

be included in the analysis, individuals had at least one of the salivary 

biomarkers measured and weight measured at two of the time points. A total 

of 25 participants were, therefore, included in the current analysis, with 25 

participants remaining eligible at TP2, 19 by TP3 and 16 by time point 4 (TP4). 

All variables were summarised using descriptive statistics and presented 

according to the total sample. Variables were checked for normality and weight 

change was normally distributed, while biomarker changes were not normally 

distributed. Salivary biomarker results below the detectable range were 

recoded as zero to be included in the analysis. To account for missing weight 

results and salivary biomarker results at TP4, the last value was carried 

forward (LVCF), whether it was TP1, TP2 or TP3. It was assumed that the 
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value did not change by TP4. Due to the small numbers of participants in the 

study the current analysis was considered exploratory and results may be used 

to guide analysis of larger datasets. 

Means and SDs were presented for normally distributed continuous variables 

and frequencies and percentages for categorical variables. Skewed variables 

were presented as median and IQR. The differences in weight change and 

salivary biomarker changes across the different time points from baseline was 

compared using paired samples t-tests for normally distributed variables and 

Wilcoxon signed ranked test for skewed variables. Correlations between 

salivary biomarkers changes and weight change were assessed using 

Spearman’s correlations. Those significant in the correlation analysis were 

investigated further using logistic regression models. Each significant 

biomarker was split into two equal groups and categorised as low and high, 

with this being the dependent variable and weight change being the 

explanatory variable. Results were presented as unadjusted odds ratios (OR) 

and 95% CI and then adjusted for age and gender. The significance level was 

set at p≤0.05. 

4.5 RESULTS 

 
4.5.1 Baseline characteristics 

 
Baseline characteristics of the study sample are shown in Table 4.1. This 

includes only participants eligible for analysis in terms of having available 

weight and biomarker change data from at least time points 1 and 2 (n=25). 

The sample had a mean age of 39.9 years old, a greater number of females 

participated in the study (56.0%), and the mean weight of the sample was 

90.5kg. The mean BMI was 31.5kg/m2 and this corresponds with the majority 

being classified as obese (52%). Many participants did not smoke cigarettes 

or e-cigarettes (84.0% and 92.0%, respectively). The majority of participants 

(60.0%) were classified as having a medium SES. A fifth of the sample had 

medical conditions such as asthma, thyroid cancer and underactive thyroid. 

Most participants did not use painkillers (76.0%), hormonal medication (80.0%) 

and other medication (80.0%). Only 24.0% reported consuming five or more 

portions of fruit and vegetables daily. Median baseline biomarker results 

ranged between 13.0pg/ml for leptin and 14972.0pg/ml for lipocalin. 
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Table 4.1 Baseline characteristics of study participants involved in BBL 

eligible for analysis with data from at least time points 1 and 2 (n=25) 

 

 Frequency (%) 

Age (years) X 39.9 (8.0) 
Range 29 (26–55) 

Height (m) X 1.7 (0.1) 
Gender  

Males 11 (44.0) 
Females 14 (56.0) 

Weight (kg) X 90.5 ( 21.8) 

BMI (kg/m2) X 31.5 (5.9) 
Normal (18.5-24.99) 2 (8.0) 
Overweight (25-29.99) 9 (36.0) 
Obese (30-40+) 13 (52.0) 
Missing # 1 (4.0) 

Physical activity (mins/week) X ^ 506.4 (174.6) 
Smoking status a  

Yes 4 (16.0) 
No 21 (84.0) 

E-cigarette smoking status  

Yes 2 (8.0) 
No 24 (92.0) 

Alcohol consumption  

Yes 21 (84.0) 
No 4 (16.0) 

SES b  

Low 3 (12.0) 
Medium 15 (60.0) 
High 6 (24.0) 
Not applicable 1 (4.0) 

Ethnicity  

Caucasian (White) 20 (80.0) 
Missing 5 (20.0) 

Medical conditions c  

Yes 5 (20.0) 
No 20 (80.0) 

Painkiller use d  

Yes 6 (24.0) 
No 19 (76.0) 

Hormonal medication use d  

Yes 5 (20.0) 
No 20 (80.0) 

Other medication use d e
  

Yes 5 (20.0) 
No 20 (80.0) 

Fruit and vegetable intake (per day) f
  

0-4 18 (72.0) 
≥5 6 (24.0) 
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Missing 1 (4.0) 

Biomarkers (pg/ml) g Median (IQR) 

Adiponectin 1262.0 (637.0, 2197.3) 

Leptin 13.0 (11.3, 16.8) 

IL-6 16.0 (11.0, 29.0) 

IL-8 1342.0 (768.6, 1925.3) 

IL-10 20.5 (17.3, 23.3) 

CRP 103.5 (72.3, 194.0) 

TNF-α 16.0 (8.5, 26.0) 

IGFBP-3 17.0 (15.0, 28.0) 

Lipocalin-2 14972.0 (12294.8, 16413.5) 

Categorical variables are given as frequencies and percentages X Continuous variables presented as 

mean and SD a Includes cigarettes, cigars and pipes b SES based on occupation using the Office for 

National Statistics three class version [321] c Conditions included asthma (n=3), previous thyroid 

cancer (n=1), underactive thyroid (n=1) d Medication taken regularly for at least once a week for 3 

months or more e Included Metformin, Glucazade, Aprodine, Citalopram, Thyroxine, Lansoprazole, 

Thyroxine and Propranolol, Injected Methotrexate + Enbrel (Biologics), Arthritis Medication, Inhalers 
f Participants who wrote down a range of fruit and vegetables meant that an average was taken (e.g. 1-

10 = 5.5 portions) g Skewed variable presented as median and IQR ^mean physical activity between 

time point 1 to time point 2 #n=24 as one person did not self-report height. 

 

 
4.5.2 Changes in anthropometric and salivary biomarkers from baseline 

 
Table 4.2 shows the changes in anthropometric and salivary biomarker 

measurements from baseline compared to each time point in the study, 

including LVCF analysis. The mean weight and BMI significantly reduced from 

baseline compared to the other three time points and in the LVCF analysis 

(p<0.001). There were eight participants (32.0%), two females and six males, 

who achieved the 5% weight lost recommendation by TP4. In the LVCF 

analysis, nine participants (36.0%), two females and seven males, achieved 

the 5% weight loss recommendation by TP4. Physical activity was assessed 

at TP2 and TP4, after wearing their accelerometer for a week each time. 

Physical activity (minutes/week) reduced between TP1-TP2 and TP3-TP4, 

but this change was not significant; mean change minutes/week (95% CI; p 

value): -82.4minutes/week (-190.8, 26.0; p=0.12). The median biomarker 

changes showed that IL-8 and TNF-α significantly decreased between TP1 to 

TP2. Changes in IGFBP-3 approached significance from TP1 to TP2 

(p=0.054). Between TP1 and TP3, and also TP1 and TP4, leptin, IL-6, IL-10 
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and TNF-α significantly decreased, while adiponectin and lipocalin 

significantly increased. Between TP1 and TP4 LVCF, IL-8 and IL-10 

significantly decreased, while adiponectin and lipocalin significantly 

increased. Changes in TNF-α approached significance from TP1 to TP4 

LVCF analysis (p=0.052). 

4.5.3 Correlations between weight change and changes in salivary 

biomarkers 

Table 4.3 shows the correlations between weight change and salivary 

biomarker changes from baseline compared to each time point in the study, 

including a LVCF analysis. There were no significant correlations between 

weight change and biomarker changes between TP1-TP2. A moderate 

positive correlation between weight change and CRP change both from TP1- 

TP3. A moderate positive correlation existed between weight change and 

IGFBP-3 change both from TP1-TP4. A moderate negative correlation existed 

between weight change and lipocalin-2 change both from TP1-TP4 LVCF 

analysis. Some findings approached significance for a moderate negative 

correlation including: weight change and changes in lipocalin from TP1 to TP4 

(p=0.06) and changes in leptin from TP1 to TP4 in the LVCF analysis 

(p=0.07). 

4.5.4 Association between weight change and changes in specific 

salivary biomarkers 

Table 4.4 shows the association between weight change and specific salivary 

biomarker changes at various study time points, including a LVCF analysis. 

Participants with a greater weight loss between TP1 to TP4 were less likely 

to have a greater reduction in lipocalin-2 levels from TP1 to TP4 LVCF, OR 

[95% CI; p value]: 0.66[0.45, 0.98; p=0.04]. This association was not observed 

after adjusting for age and gender. No other significant associations between 

weight change and change in specific salivary biomarkers were identified. 
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Table 4.2 Changes in anthropometric and salivary biomarker measurements from baseline compared to each time point in the 

BBL study sample 

 

 TP1-TP2 
(nMAX=25) 

P 
value 

TP1-TP3 
(nMAX=19) 

P 
value 

TP1-TP4 
(nMAX=17) 

P 
value 

TP1-TP4 LVCF^ 
(nMAX=25) 

P 
value 

Anthropometric Changes X
 

Weight (kg) -1.0 (-1.5, -0.6) <0.001 -3.2 (-4.5, -1.9) <0.001 -4.4 (-6.0, -2.8) <0.001 -3.5 (-4.8, -2.3) <0.001 

% Weight -1.0% - -3.4% - -4.7% - -3.8% - 

BMI 
(kg/m2) 

-0.3 (-0.5, -0.18) <0.001 -1.1 (-1.5, -0.6) <0.001 -1.5 (-2.0, -1.0) <0.001 -1.2 (-1.6, -0.8) # <0.001 

Biomarker Changes (pg/ml) Y
 

Adiponectin -141.5 (-738.8, 171.3) 0.17 8707.7 (6299.2, 13556.7) 0.001 8269.9 (1809.0, 9905.9) 0.004 6147.5 (-8.5, 9586.4) 0.001 

Leptin 0.0 (-2.0, 2.0) 0.68 -13.0 (-15.0, -10.5) 0.001 -13.0 (-15.0, -10.9) 0.001 0.0 (-2.0, 2.0) 0.68 

IL-6 0.0 (-8.9, 5.2) 0.48 -9.8 (-13.0, 0.2) 0.05 -12.5 (-23.4, -0.4) 0.005 -6.1 (-22.4, 1.5) 0.18 

IL-8 -464.0 (-781.8, -33.3) 0.01 90.3 (-535.7, 675.8) 0.57 -300.9 (-1285.9, -18.7) 0.06 -464.0 (-811.3, -47.8) 0.02 

IL-10 -0.5 (-4.0, 1.2) 0.22 -20.5 (-22.5, -15.5) <0.001 -16.8 (-22.5, -11.3) 0.001 -3.5 (-16.5, 0.3) 0.007 

CRP -37.0 (-102.3, 24.0) 0.12 -87.0 (-144.5, 321.6) 0.56 -81.8 (-101.8, 803.4) 1.00 13.5 (-56.0, 321.6) 0.13 

TNF-α -1.0 (-6.5, 0.0) 0.01 -16.0 (-28.0, -6.0) 0.004 -16.0 (-28.8, -7.5) 0.001 -3.0 (-11.0, 0.0) 0.052 

IGFBP-3 -1.0 (-4.5, 1.0) 0.054 -15.0 (-37.0, 0.0) 0.17 1698.4 (-16.8, 9389.7) 0.17 1.0 (-1.5, 8068.7) 0.06 

Lipocalin-2 -367.5 (-1978.8, 
605.3) 

0.38 253250.4 (233943.7, 
276708.3) 

<0.001 247262.2 (218134.4, 
270725.7) 

0.001 236988.9 (414.8, 
269253.0) 

<0.001 

Significance level set at p≤0.05 and shown in bold. Numbers less than nMAX due to missing data. X Presented as mean change and 95% CI and paired samples t-test used to see if change significant 
Y Presented as median of the differences and IQR and Wilcoxon signed ranks test used to see if biomarker change significant. Minus (-) represents either weight loss, BMI reduction or reduction 

in biomarker levels. ^LVCF=Last value carried forward analysis, using either time point 1, 2 or 3, to count as time point 4 #n=24 as one person did not have height measured. 
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Table 4.3 Spearman correlation between weight change and salivary biomarker changes from baseline compared to 

each time point in the BBL study sample 

 

 TP1 to TP2 
(nMAX=25) 

TP1 to TP3 
(nMAX=19) 

TP1 to TP4 
(nMAX=16) 

TP1 to TP4 LVCF ^ 
(nMAX=25) 

Biomarkers 
(pg/ml) 

Correlation 
Coefficient, 
P value 

Correlation 
Coefficient, 
P value 

Correlation 
Coefficient, 
P value 

Correlation 
Coefficient, 
P value 

Adiponectin 0.04, p=0.87 -0.16, p=0.51 -0.08, p=0.76 -0.34, p=0.10 

Leptin -0.003, p=0.99 -0.17, p=0.50 -0.24, p=0.38 -0.37, p=0.07 

IL-6 -0.10, p=0.64 0.20, p=0.40 0.14, p=0.61 0.26, p=0.22 

IL-8 -0.20, p=0.33 0.22, p=0.36 0.28, p=0.29 0.09, p=0.66 

IL-10 -0.13, p=0.54 0.14, p=0.56 -0.11, p=0.70 -0.11, p=0.61 

TNF-α -0.08, p=0.71 0.19, p=0.44 0.17, p=0.54 -0.02, p=0.94 

CRP -0.17, p=0.41 0.54, p=0.02 0.03, p=0.92 -0.26, p=0.24 

IGFBP-3 -0.06, p=0.77 0.02, p=0.93 0.69, p=0.003 0.01, p=0.96 

Lipocalin-2 -0.07, p=0.76 0.02, p=0.95 -0.47, p=0.06 -0.53, p=0.006 

Significance level set at p≤0.05 and shown in bold. Numbers less than nMAX due to missing data. Results presented as correlation coefficient and p value. 

^LVCF=Last value carried forward analysis, using either time point 1, 2 or 3, to count as time point 4. 
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Table 4.4 Association between weight change and specific salivary 

biomarker changes at various study time points in the BBL study sample 

 

Biomarker changes 
(pg/ml) 

Unadjusted OR 
(95% CI) 

P 
value 

Adjusted OR 
(95% CI) 

P 
value 

CRP TP1 to TP3 a 1.43 (0.87, 2.37) 0.16 2.15 (0.97, 4.79) 0.06 

IGFBP-3 TP1 to 
TP4 b 

1.68 (0.94, 2.99) 0.08 3.24 (0.81, 12.96) 0.10 

Lipocalin-2 TP1 to 
TP4 LVCF c 

0.66 (0.45, 0.98) 0.04 0.71 (0.44, 1.14) 0.16 

Lipocalin-2 TP1 to 
TP4 b 

0.65 (0.39, 1.08) 0.10 0.58 (0.31, 1.11) 0.10 

Leptin TP1 to TP4 
LVCF c 

0.81 (0.60, 1.10) 0.17 0.80 (0.55, 1.18) 0.27 

Significance level set at p≤0.05 and shown in bold. Results presented as unadjusted and adjusted OR 

and 95% CI in a binary logistic model. Adjusted for age and gender. Superscripts: a Weight change from 

TP1 to TP3 b Weight change from TP1 to TP4 c Weight change from TP1 to TP4 LVCF. 

 

 
4.6 DISCUSSION 

This study explored the effect of weight change on inflammatory salivary 

biomarkers in Northern Irish adults who were participating in a community- 

based health programme. The sample population were predominantly 

overweight and obese who were trying to lose weight over 10 weeks. The 

current study analysis weight loss was observed weight loss in 15 participants 

and weight gain in one participant by the end of the 10 week period. Almost 

half (47.1%) of the participants achieved at least 5% weight loss over the 10 

weeks. This finding supports the Department of Health’s best practice guidance 

for weight management, as they commission programmes where at least 30% 

of participants lose at least 5% of their initial weight [327]. 

Studies in serum biomarkers in the longer term have found that weight loss 

tends to be associated with reductions in CRP [254,299], IGFBP-3 [304,306], 

lipocalin-2 [317], leptin [263,266,269,272,280–284], TNF-α [266,282,294], and 

IL-6 levels [266,268,289,290]. Studies have found that weight loss was 

associated with increased levels of serum IL-8 [294], anti-inflammatory serum 

IL-10 [266] and serum adiponectin [254,266–269], as well as salivary 

adiponectin [278]. However, other studies showed that weight loss did not lead 

to changes in serum adiponectin levels over 12 weeks [273] or six months 

[263,275], and no association was observed between weight loss and serum 
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IL-10 [268,273,290] or serum TNF-α [268]. However, at least 10% weight loss 

may be required to obtain significant reductions in pro-inflammatory serum 

CRP or a significant increase in serum adiponectin [254]. Different rates of 

weight loss were observed and, therefore, serum leptin and TNF-α may not be 

useful indicators of week-to-week weight loss [282]. 

In the shorter term, the current exploratory analysis found no significant 

correlations between weight change and salivary biomarker changes between 

TP1 and TP2. This may be due to the analysis being over a one week period 

at the beginning of BBL challenge and the mean weight change was only a 

reduction of 1.0kg. Few studies have explored this relationship over a one week 

period, as weight loss and/or inflammatory biomarker changes are not likely to 

occur in this short time frame. In the longer term, significant correlations were 

observed between weight change (i.e. weight loss) and changes in salivary 

biomarkers including: CRP, IGFBP-3 and lipocalin-2 in the longer term. 

Participants who lost more weight by TP3 (week eight) had a greater decrease 

in CRP levels, those who lost more weight by TP4 (week 10) had a greater 

decrease in IGFBP-3 levels and those who lost more weight by TP4 (LVCF 

analysis) had a greater increase in lipocalin-2 levels. 

However, these findings were not consistent over the time points. Therefore, 

the evidence is not convincing as, for example, salivary CRP levels did not 

significantly decrease by TP4. This is unexpected as participants had a greater 

mean weight change of -4.4kg by TP4 compared to -3.2kg by TP3. Changes in 

weight and leptin proved close to significance, suggesting that those who lost 

more weight had a greater increase in leptin levels in the TP1 to TP4 LVCF 

analysis. The LVCF analysis is a method for dealing with missing data, but it is 

not ideal as participants weight may have changed since the last recorded 

measure. Therefore, the LVCF results may not be accurate, reliable and could 

be misleading. After further analysis of statistically significant results using 

regression models and adjustment for age and gender, the findings did not 

remain statistically significant. 

Therefore, the findings suggest that salivary biomarkers may respond 

differently to serum biomarkers. However, it may be that the use of 

unstimulated saliva is not appropriate for measuring changes in inflammatory 
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biomarkers in relation to weight change and, therefore, other methods of saliva 

collection should be explored. It may also be that the Luminex assay used to 

detect the salivary biomarkers was not appropriate, as some biomarker results 

were below the detectable range. This finding corresponds to novel research 

conducted in salivary nutritional biomarkers in Chapter 3, as the method was 

not considered appropriate. Furthermore, the current study may not have been 

long enough (10 weeks) to observe greater weight loss and, subsequently, 

changes in salivary biomarkers. The small sample size (n=16) at the end of the 

study may also have been underpowered to detect significant results. 

Therefore, a longer time period may be required as the maximum percentage 

weight loss was 9.4% for one participant in the current study. Therefore, the 

current study findings do not correspond with the majority of serum literature, 

and the significant reduction in salivary adiponectin levels in participants who 

underwent bariatric surgery [278]. Therefore, it is not surprising that this result 

differs to the current study, as that study had a longer follow-up time of 12 

months and the use of surgery produced a greater weight loss [278]. 

Participants in the current study did not have any restrictions placed on their 

dietary intake and were not required to do a certain amount of physical activity. 

However, previous studies with significant results instructed participants to 

consume low-calorie diets, exercise and take medication/placebo (e.g. orlistat) 

for three years in men and women [254] and six months amongst women [317]. 

However, participants in the current study did not take any medication to aid 

weight loss. Furthermore, other studies involved both dietary restriction and 

exercise amongst postmenopausal women for 12 months [304], and only 

dietary restriction for 12 weeks in adult men [306] and adult women [273,290]. 

However, behavioural weight loss treatment for two years did not find any 

significant association between weight loss and serum IL-10 or TNF-α levels 

[268]. This suggests that perhaps prolonged energy restriction may be required 

in the current study to obtain significant results. 

The current study also included five participants with medical conditions 

including: asthma, previous thyroid cancer, and underactive thyroid. These 

individuals may have an existing infection or inflammation and this increase the 

levels of the inflammatory biomarkers (e.g. CRP), as previously mentioned in 
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Chapter 1. However, this was not assessed in the current study due to the small 

number of participants and this may have affected the results. The lack of 

significant findings in saliva are, however, in agreement with other studies in 

serum which found no significant relationship between weight change and 

changes in serum adiponectin from 12 weeks and six months [263,273,275], 

IL-10 over 12 weeks and two years [268,273,290] and TNF-α over two years 

[268]. 

4.6.1 Strengths and limitations 

Strengths of this study included, that it explored the effect of weight change on 

inflammatory salivary biomarkers in the general Northern Irish adult population. 

The participants were representative of the middle-aged population and the 

sample included both overweight and obese participants. The study was 

nested within a community-based health programme, which aided the 

recruitment of participants to the study and allowed the collection of data for 

the research projects. Unstimulated saliva collection was based on SOPs. 

Physical activity was objectively assessed using an accelerometer which 

allowed for comparisons between the two weeks that the accelerometers were 

worn. However, a limited number of accelerometers were available, so this 

reduced the number of participants that could be recruited. 

The main limitation of the study was the small sample size (n=25), which 

dropped to 16 participants eligible for analysis by week 10. Therefore, this study 

was underpowered to detect statistically significant results. The use of multiple 

comparisons may have resulted in statistically significant findings due to 

chance. However, this study was not specifically designed to explore the 

specific research question. Therefore, this analysis was considered exploratory 

and may be used to guide analyses in larger datasets. It would have been 

preferable to divide the study population into three weight change groups 

including: weight loss, weight gain and no change. This was not possible due 

to the small numbers in the groups as the majority of participants lost weight. 

Those who did not state their ethnicity were assumed to be Caucasian due to 

the local demographic profile of the population group. 

The Luminex assay was not previously validated in saliva, however, salivary 

IL-8 levels were determined by ELISA. There was no calculation of saliva inter- 
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or intra-assay CVs, so the reproducibility of the assay is not clear. VDBP and 

sex hormones assays were not available and so they were not included in the 

analysis. Many salivary results were also out of range (i.e. below detection 

limit), which may suggest that the biomarkers were too low to be detected, or 

that the assay was not suitable to detect changes. It would have been best to 

use the limit of detection, but due to the small sample size it was assumed that 

the biomarkers were not present and the results were coded as zero to be 

included in the analysis. The biomarker change results had some outliers and 

these were included in the analysis, however Spearman’s correlation was used 

to account for this. The use of the LVCF analysis may be biased as it was 

unknown if the distribution used was the same as the unknown missing data 

[328]. Therefore, the LVCF result may be misleading as weight change or 

biomarker changes may have occurred since the last recorded measurement. 

4.7 CONCLUSION 

 
To conclude, this exploratory analysis found some significant correlations 

between weight change and change in inflammatory salivary biomarkers, but 

the findings were not consistent across time points. Significant correlations 

existed between weight change (i.e. weight loss) and reduced levels of 

inflammatory salivary CRP and IGFBP-3, and increased salivary lipocalin-2. 

However, after adjusting for age and gender, these findings did not remain 

statistically significant. Other inflammatory salivary biomarkers were not 

correlated with weight change (i.e. adiponectin, IL-6, IL-8, and IL-10). This 

suggests that specific salivary biomarkers may respond differently to serum 

biomarkers. However, these findings were based on a small sample size and 

short follow-up period of 10 weeks, which may not have been long enough to 

see significant changes in weight and inflammatory salivary biomarkers. The 

use of the magnetic Luminex assay found many results were below the lower 

detection limit and, therefore, may not have been appropriate for use with the 

saliva samples. A larger sample size and longer-term intervention studies in 

the community are required to explore the effect of weight change on 

inflammatory salivary biomarkers in comparison to corresponding serum 

biomarkers. 
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5.1 INTRODUCTION 

 
5.1.1 Dietary intake 

 
Globally, the number of older adults is increasing and is projected to reach 1.5 

billion in 2050 as mentioned in Chapter 1 [1]. Consequently, this may place 

additional demands on healthcare services, as the incidence and prevalence 

of age-related chronic diseases are also projected to increase, including: CVD, 

stroke, chronic respiratory diseases and diabetes [329]. A healthy diet may 

play a role in reducing the risk of these chronic conditions. For example, the 

MD is a DP mainly consumed in areas within the Mediterranean region and is 

associated with a reduced risk of CVD [36]. It consists of a high intake of fish, 

olive oil, non-starchy vegetables, legumes, wholegrains (cereals), fruits, and 

nuts, as well as a lower intake of dairy products, red and processed meat and 

a moderate intake of wine, as previously mentioned in Chapter 1 [37]. 

Dietary recommendations vary worldwide and are adapted to suit a country’s 

specific needs, including food availability and cultural acceptability of specific 

foods [330]. The UK dietary guidelines recommend a plant-based dietary 

pattern for optimal health; individuals are advised to consume at least two 

portions of fruit and three portions of vegetables a day, a maximum of one 

portion (70g) of red and processed meat a day [248] and at least one portion 

(140g) of oily fish a week [331]. The consumption of wholegrain options, some 

nuts and limited alcohol intake are also encouraged. Diet quality can be used 

to reflect compliance to dietary recommendations [31]. Globally, many older 

people have suboptimal intakes of fruit, vegetables, nuts, wholegrains and fish 

[332]. This corresponds with inadequate levels of thiamine, riboflavin, vitamin 

D, calcium, magnesium and selenium observed globally in community-dwelling 

older adults [333]. This may lead to an inadequate nutritional status and 

increased risk of malnutrition, particularly amongst this population group, as 1 

in 10 older adults are either malnourished or at risk of malnutrition in the UK 

[78]. 

5.1.2 Oral health status 

 
As previously mentioned in Chapter 1, dietary intake and diet quality in older 

adults is affected by various factors, such as, nutritional knowledge, physical 
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health, loss of appetite, living circumstances and access to resources including 

transport [17]. Oral health status may also be an important factor influencing 

diet in terms of food choice and eating behaviour [16–18]. 

Changes in older adults’ oral health have been observed over time in the US 

and UK, specifically a decline in the level of edentulism and increased tooth 

retention, and this has led to a partially dentate older population. In the US 

National Health and Nutrition Examination Survey, the number of edentate ≥65 

year olds has decreased from 34% in 1988-1994 to 27% in 1999-2004 [334]. 

The mean number of teeth has increased from 17.9 in 1988-1994 to 18.9 in 

1999-2004 in the same population group [334]. From 2011-2016, the number 

of edentate older adults was estimated to be around 9% in those with high 

school education, and the mean number of teeth ranged from 16 to 22 across 

socio-demographic characteristics [335]. Similarly, the latest UK Adult Dental 

Health Survey, found that the number of edentate individuals aged 65-74 years 

reduced from 78% in 1978 to 15% in 2009 and to 33% in 75+ year olds [20]. 

As previously mentioned in Chapter 1, those aged over 55 years old with 21 or 

more natural teeth, increased from 30% in 1978 to 63% in 2009 and the mean 

number of teeth also increased, from 16.0 in 1978 to 21.2 in 2009 as previously 

mentioned in Chapter 1 [20]. 

These figures are very promising, as previously mentioned in Chapter 1, a cut- 

off for 21 or more natural teeth has been proposed as the minimum number 

above which chewing ability should not be affected [20]. If tooth loss continues 

at a low rate, potentially over 90% of those adults aged 35-44 years in 2009 

may retain 21 or more natural teeth by the time they are 80 years old [336]. 

Despite improvements in older adults’ oral health as discussed above, tooth 

loss still remains a global problem at present in older adults which has resulted 

in a partially dentate population [337]. For the purposes of this study, oral 

health status was categorised according to the number of remaining natural 

teeth and subsequent prosthodontic rehabilitation. Tooth loss is considered an 

effective marker of oral health in a population [337]. 
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5.1.3 Impact of oral health status on nutrition 

 
Recent evidence has suggested that older adults with less teeth or being 

edentate, may lead to the avoidance of foods perceived as difficult to eat 

including: raw vegetables, apples and nuts [18]. Having a greater number of 

natural teeth has been associated with better nutritional status [52] and a 

higher intake of some foods including, fruit and vegetables and also nutrients, 

particularly fibre and vitamins [51]. Severe tooth loss has been associated with 

a lower overall diet quality in older adults and, subsequently, a greater number 

of teeth has been associated with a higher diet quality [56–60,338], while 

having 21 or more natural teeth did not contribute substantially to a higher diet 

quality in older adults in the US [62]. Inconsistency in findings may be due to 

the studies being conducted in different countries and the use of different diet 

quality indices. The majority of this evidence is derived from cross-sectional 

studies, therefore it is difficult to discern the temporal nature of the relationship 

between oral health and diet, and it is possible that poor diet quality leads to 

tooth loss. 

A systematic review of eight longitudinal studies revealed contradictory results 

in relation to tooth loss, dietary intake and nutritional status in community- 

dwelling older adults in Australia, US, Brazil and Japan [53]. Some studies 

found that greater tooth loss may be associated with a reduced food intake of 

fruit and vegetables, and reduced nutrient intake of dietary fibre, and increased 

cholesterol, but overall findings were inconclusive [53]. The review concluded 

that amongst the few studies identified, results were inconsistent and there 

was no strong evidence regarding the effect of tooth loss on diet and nutrition 

[53]. However, in the quality assessment, seven of these studies were 

considered of poor quality and one was of fair quality [53]. Therefore, further 

high quality longitudinal studies are required in other countries to enhance the 

generalisability of the results and help inform policy and practice [53]. 

Evidence linking oral health status with dietary intake and quality in older adults 

is inconsistent and limited by the few prospective studies to date, particularly 

in relation to more novel indicators of diet quality, such as MDS and DDS. The 

relationship between oral health status with both future dietary intake and diet 

quality, has not been investigated together in this population of community- 
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dwelling older adults. To date, the impact of oral health status on adherence 

to the MD has not been previously explored. It was hypothesised that older 

men with fewer natural teeth and removable dentures would have a reduced 

dietary intake and diet quality, compared to those with a greater number of 

natural teeth and no dentures. 

5.2 AIM 

 
To investigate the associations between oral health status, diet, nutritional 

status and health 

5.3 OBJECTIVE 

 
To investigate whether oral health status, defined as the number of natural 

teeth and subsequent prosthodontic rehabilitation, was associated with dietary 

intake and diet quality in older men, after an average time period of 13 years 

in the PRIME study 

5.4 METHODS 

 
5.4.1 Study population and design 

 
The Prospective Epidemiological Study of Myocardial Infarction (PRIME) 

originally arose from collaborative work known as the Monitoring in 

Cardiovascular Diseases Project conducted in France and NI [339]. This 

project aimed to investigate the differences in ischaemic heart disease 

mortality and incidence at an international level [339]. However the sample size 

was relatively small (n=183-348), had poor response rates (49-63%) and 

typically was not held in industrial centres, which may have been 

unrepresentative of unemployed people in the population [339]. Subsequently, 

PRIME was established to examine the predictive ability of risk factors for CVD. 

Full sampling procedures and study design are described elsewhere [339]. 

In brief, between 1991 and 1994, 10,593 male participants were recruited, 

aged between 50-59 years old, from three centres in France: Lille (n=2627), 

Strasbourg (n=2611), and Toulouse (n=2610) and one in NI: Belfast (n=2745) 

[339]. In Belfast only, the men were rescreened (n=2010) between 2001 and 

2004, and they were followed up by means of an annual postal questionnaire 
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from year 1-10 (1995-2005) and then again at year 25 (2015). By the follow- 

up stage in 2015, 1029 men in Belfast had died. The sampling framework was 

chosen to reflect the social class structure of the background populations, 

firstly based in industry and different employment groups, where time off was 

given to be screened in medical facilities in factories [339]. However, this 

method meant that sick and unemployed people were not represented, so 

sampling was then based at health screening centres and general practices 

[339]. The target was to recruit 2500 men from each centre with a minimum 

five year follow-up [339]. Further funding was secured for this project allowing 

follow-up to be carried out over 20 years later in Belfast. The current study 

sample comprised of older men who had their oral health assessed between 

2001 and 2004 and reported their dietary intake in 2015 (n=1096). The men 

involved in the current study analysis represented approximately 5% of the 

greater Belfast area, as they were from industry, civil service and general 

medical practices. 

5.4.2 Ethical approval 

 
Each study centre obtained local approval from the appropriate ethics 

committee [339]. In relation to NI, ethical approval was obtained from the 

Research Ethics Committee of the Faculty of Medicine at QUB. Written 

consent was obtained from the men at the baseline examination and confirmed 

prior to the follow-up assessments. 

5.4.3 Data Collection 

 
5.4.3.1 Baseline (1991–1994) 

 
5.4.3.1.1 Questionnaires 

 
Across the four sites, men self-completed standardised questionnaires to 

assess demographic and socio-economic background [339]. Material 

conditions acted as a proxy measure for SES, where participants were 

categorised as low, intermediate or high [340]. Additional questionnaires were 

completed with the interviewer at their clinic visit, including: dietary intake 

related to the frequency and type of particular foods consumed (e.g. type of oil 

used), alcohol consumption using a weekly diary, and smoking status was 

categorised as a current smoker, past smoker or never smoked. Diabetes 



171  

status was determined as the current intake of hypoglycaemic treatment or 

insulin use. Medical information included whether participants had ever had 

high cholesterol or hypertension and whether participants or family members 

had ever experienced a Myocardial Infarction, angina, other coronary heart 

disease or shortness of breath. Physical activity was calculated based on the 

average weekly net energy expenditure. Psychosocial factors were assessed 

using an attitudes survey. 

5.4.3.1.2 Clinical examination 

 
Standardised instruments assessed anthropometric measurements including: 

weight and height. BMI was calculated by dividing weight (kg) by height (m2). 

Systolic and diastolic blood pressure (BP) including systolic and diastolic were 

measured using an automatic device (Spengler SP9), after a five minute rest 

in a seated position. An electrocardiograph (ECG) was also carried out and 

lung function was assessed using a vitalograph. The results from medical 

assessments were sent to the participants General Practitioner (GP) and were 

retained as part of their medical record. 

5.4.3.1.3 Blood sampling 

 
Fasting venous blood samples were collected into tubes containing 

ethylenediaminetetraacetic acid from all participants in a seated position. All 

samples were returned to their local laboratory and processed within four hours 

and aliquoted for immediate analysis or low temperature storage [339]. 

Samples were analysed for various biomarkers including: total cholesterol and 

CRP [339]. Cut-offs for cholesterol levels were chosen as these are the levels 

deemed to be normal (≤5mmol/L) and high (>5mmol/L) according to the UK 

NHS [341]. Cut points for CRP in clinical practice is considered low if ≤10mg/dL 

or high if >10mg/dL [342]. 

5.4.3.2 Rescreening (2001–2004) 

 
5.4.3.2.1 Questionnaires 

 
Men from the Belfast site were rescreened (n=2010), where they self- 

completed the same standardised questionnaires as in 1991-1994 [339]. The 

exceptions included: no collection of dietary data or completion of an alcohol 

diary. Instead, alcohol intake was assessed by asking how many pints of beer, 
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glasses of wine or measures of spirits were consumed within the past three 

months. An oral health questionnaire consisting of 22 questions was also 

completed at this phase, to assess the men’s attitudes to their dental condition, 

oral hygiene practices and views regarding dental treatment (Appendix 13). 

5.4.3.2.2 Blood sampling and clinical examination 

 
Blood samples from men in Belfast were analysed for total cholesterol and 

CRP using the same baseline methods in the QUB laboratory. A clinical 

examination of weight, height and BP, as well as ECG and vitalograph, were 

carried out using the same baseline methods. 

5.4.3.2.3 Oral and dental examination 

 
An oral and dental examination also took place at this phase with 1558 men 

from Belfast (mean age, 63.5±2.9 years). This was carried out by one of four 

dental hygienists to identify if teeth were present and if so how many, while it 

also identified whether the men had any denture(s) and in which arch(es). They 

were trained prior to the study to a “gold standard” and inter- and intra- 

examiner consistency and reproducibility were assessed with regular monthly 

meetings [343]. Both dentate and edentate men also had a dental radiograph 

(i.e. Orthopantomogram), which confirmed the presence or absence of teeth, 

and clinical measurements were made at the mesial, distal, buccal and 

palatal/lingual aspects of all teeth excluding third molars [343]. Probing pocket 

depths and clinical attachment level were recorded using Michigan O 

periodontal probes [343]. 

Reasons for men (n=452) not having their oral health assessed included, that 

a specialist dental examiner was not available for 363 men (18.1%) and 89 

men (4.4%) either refused or had a medical condition that precluded 

periodontal probing. In the current study, oral health status was categorised 

into five groups based on the functional dentition cut-off and prosthodontic 

rehabilitation [20]: 21-28 teeth with dentures (n=111), 21-28 teeth without 

dentures (n=453), 1-20 teeth with dentures (n=354), 1-20 teeth without 

dentures (n=99) and edentate with dentures (n=79). Previous analysis was 

conducted according to three oral health groups including, dentate without 

dentures, dentate with dentures and edentate with dentures (data not shown). 
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However, to investigate the significance of retaining more or less than 21 

natural teeth, this lead to the categorisation of five oral health status groups 

and this is what this chapter is focused upon. 

5.4.3.3 Follow up (2015) 

 
5.4.3.3.1 Dietary intake assessment 

 
In Belfast, diet was assessed using a short FFQ. This was posted to 1,772 

men, of which 1,458 men self-completed and returned via a freepost envelope 

(82.3% response rate). The FFQ was based on the MD and indicated how 

often, on average, participants ate specified amounts of food during the past 

year (Appendix 14). There were eight food groups with the portion shown in 

brackets, including: olive oil/rapeseed oil (1 tablespoon), fruit and natural fruit 

juice (80g), vegetables (80g), oily fish (140g), wine (125ml), red meat (1 

medium serving), wholegrains (1 medium serving) and nuts (1 small handful). 

Participants responded with one of the following nine options: never or less 

than once a month, 1-3/month, once/week, 2-4/week, 5-6/week, once a day, 

2-3/day, 4-5/day and 6+/day. 

5.4.3.3.2 Derivation of diet quality measures 

 
Dietary intake was converted to daily portions and used to generate two diet 

quality scores: MDS and the DDS. These indices were considered the best 

options, not only because the dietary information within the study was based 

on food groups, but specific nutrient intake data required for the use of other 

indices was not collected. 

5.4.3.3.2.1 Mediterranean Diet Score 

 
The MDS was used to assess adherence to the MD using the dietary 

recommendations and median cut-off values in the PRIME study, as described 

in Table 5.1 and based on the 14-item validated MEDAS questionnaire as 

previously mentioned in Chapter 1. The use of the median and dietary 

recommendations are useful for different reasons, and therefore it was 

considered best to include both in the analysis. Protective food components 

(i.e. olive oil, fruit, vegetables, oily fish, wholegrains, and nuts) were assigned 

a value of one when intake was above the cut-off and a zero otherwise, whilst 
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detrimental food groups (i.e. red meat and meat products) were assigned a 

value of one when intake was below the cut-off and a zero otherwise. Individual 

food group scores were summed together and a higher mean MDS indicated 

greater adherence to the MD, ranging from 0 to 8. 

The oil median was initially calculated as zero, but this was not a suitable cut- 

off, so based on the FFQ categories, one point was given if oil was consumed 

at least once a day and a zero otherwise. Regarding wine intake, the same 

cut-offs were used for the median and recommendation, as previous studies 

have used a range of between 10-50g/day for wine intake, rather than a 

specific median value, where participants score one point if their intake falls 

between the range [41,344,345]. However, the FFQ asked participants about 

wine consumption in terms of glasses consumed, so the criteria in the study 

was based on UK guidelines for wine intake of no more than six glasses per 

week (one glass ~10g alcohol) [346]. This guideline is based on a J-shaped 

relationship whereby there is a protective effect of moderate alcohol 

consumption against CVD, as some alcohol is protective and too much can be 

detrimental [347]. 

Recommended cut-offs used in the MDS were based on dietary guidelines. 

The Department of Health recommends consuming ≥2 portions of fruit daily 

and ≥3 portions of vegetables daily. At least one portion of oily fish should be 

consumed weekly [331] and no more than one portion (70g) of red meat daily 

[248]. This guidance was based on scientific evidence that showed an inverse 

association between fish consumption and coronary heart disease [331], and 

that an increased consumption of red meat is associated with an increased risk 

of colorectal cancer [248]. Wholegrains cut-off was based on evidence that 

consuming at ≥3 portions daily was associated with a reduced risk of CVD, 

diabetes and mortality from all-causes [348]. Oils and nuts cut- offs were based 

on a validated 14-item questionnaire used in the TEAM-MED study, which 

recommended ≥4 portions of oil daily and ≥3 portions of nuts weekly [349]. 
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Table 5.1 Mediterranean diet score cut-off criteria using two methods 

(dietary recommendations and median values) in older Northern Irish 

men involved in the PRIME study (n=1096) 

 

Cut-off value 

Scoring 
Method 

Components Score of 1 Score of 0 

Recommended 
Median 

Olive oil/Rapeseed 
oil 

≥4 tbsp/d 
≥1 tbsp/d* 

<4 tbsp/d 
<1 tbsp/d* 

Recommended 
Median 

Fruit and natural 
fruit juice 

≥2 pt/d 
≥1 pt/d 

<2 pt/d 
<1 pt/d 

Recommended 
Median 

Vegetables ≥3 pt/d#
 

≥0.79 pt/d 
<3 pt/d#

 

<0.79 pt/d 

Recommended 
Median 

Oily Fish ≥1 pt/wk 
≥0.98 pt/wk 

<1 pt/wk 
<0.98 pt/wk 

Recommended 
Median 

Wine 1- 6 pt/wk 
1 - 6 pt/wk 

<1 or >6pt/wk 
<1or >6pt/wk 

Recommended 
Median 

Red meat & meat 
products 

≤1 pt/d 
≤0.43 pt/d 

>1 pt/d 
>0.43 pt/d 

Recommended 
Median 

Wholegrains ≥3 pt/d#
 

≥1 pt/d 
< 3 pt/d#

 

<1 pt/d 

Recommended 
Median 

Nuts ≥3 pt/wk 
≥0.49 pt/wk 

<3 pt/wk 
<0.49 pt/wk 

Abbreviations: Pt=portions, d=daily, wk=weekly, tbsp=tablespoon. Median values for each component 

were calculated using the daily or weekly portions. # Questionnaire categories were 2-3 per day, average 

calculated of 2.5 per day, unknown if participants consumed 2 or 3 portions so may have 

underestimated intake *Oil median was initially calculated as zero which was not a suitable cut-off, so 

based on the FFQ categories, one point was given if oil was consumed at least once a day and a zero 

otherwise **Previous studies used a range between 10-50g/day for wine intake, rather than a specific 

median value, which equated to one to six glasses weekly [346]. 

 
 

5.4.3.3.2.2 Dietary Diversity Score 

Dietary diversity was also assessed as a measure of diet quality, by assessing 

the frequency of consumption of the eight main food groups included in the 

FFQ. Participants consuming the food groups at least once a week were 

assigned a value of one, and a value of zero was given otherwise. The 

individual food group scores were summed together to give an overall DDS, 

ranging from 0 to 8. A higher mean DDS represented a better dietary diversity 

and variety of foods in the diet. This chosen method was based on a validated 

11-item Food Diversity Score used previously in older adults in Japan [59,60]. 
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5.4.4 Statistical methods 

 
All variables were summarised using descriptive statistics and presented 

according to five oral health groups including: 21-28 teeth with dentures, 21- 

28 teeth without dentures, 1-20 teeth with dentures, 1-20 teeth without 

dentures and edentate with dentures. Means and SDs (or standard errors: SE) 

were presented for continuous variables and frequencies and percentages for 

categorical variables. Skewed variables (CRP and food daily portions) were 

log transformed and summarised as geometric means and 95% CI. 

Comparison of continuous variables between groups (n>2) was carried out 

using ANOVA and for categorical variables (n>2) chi-square tests were used. 

Associations between oral health status, dietary intakes, dietary 

recommendations and diet quality were assessed using linear and logistic 

regression models. Analysis were initially unadjusted and then fully adjusted 

for potential covariates including: age, SES, smoking, BMI, and CRP levels. 

Post-hoc tests were used to determine where any differences existed between 

the oral health status groups. 

The number of missing responses are shown in Table 5.2. To account for this, 

diet quality scores were calculated in two ways, firstly, by assuming a missing 

answer meant that the food was never consumed (i.e. assigning a zero) 

(n=1096) and, secondly, by assuming that the response was actually missing 

(i.e. coded as 999) so that it includes only those who answered all eight FFQ 

questions (n=884). This allowed the impact of excluding those who did not 

answer all questions to be investigated. Statistical analysis was carried out 

using SPSS for Windows version 21.0. The level of statistical significance was 

set at p≤0.05. 
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Table 5.2 Number of missing responses observed for each food group 
used to assess diet quality in the PRIME study 

Food groups Number of missing responses (%) 

Olive oil/rapeseed oil 117 (10.7) 
Fruit and natural fruit juice 25 (2.3) 
Vegetables 19 (1.7) 
Oily fish 37 (3.4) 
Wine 99 (9.0) 
Red meat and other meat pro 16 (1.5) 
Wholegrains 22 (2.0) 

Nuts 94 (8.6) 

 

 

5.5 RESULTS 

 
5.5.1 Baseline characteristics 

 
Baseline characteristics for the five oral health status groups are shown in 

Table 5.3. Compared to the other four oral health groups, edentate men with 

dentures were significantly older, had a higher BMI and higher CRP levels. 

Men with 1-20 teeth with and without dentures had a significantly higher BMI, 

compared to men with 21-28 teeth with and without dentures. The oral health 

characteristics of the study population are also shown in Table 5.3. Overall, 

the mean number of teeth was 18.5 and ranged from 0 to 28 teeth. Of this, 

51.5% (n=564) had less than 21 natural teeth and 48.5% (n=532) had 21 or 

more natural teeth. In terms of denture use, 49.6% (n=544) had dentures, 

which consisted of 30.7% (n=336) with upper dentures, 3.6% (n=39) with lower 

dentures and 15.1% (n=166) with both sets of dentures. The mean number of 

teeth was highest in men with 21-28 teeth without dentures (24.5), followed by 

21-28 teeth with dentures (22.8), 1-20 teeth without dentures (17.9) and 1-20 

teeth with dentures (13.7). The majority of men with either 1-20 teeth or 21-28 

teeth had upper dentures (70% and 80% respectively), compared to 96% of 

edentate men who had both sets of dentures. 

5.5.2 Frequency of consumption of food groups according to oral health 

status 

Table 5.4 shows the frequency and percentage of consumption of the eight 

food groups (per portion) according to number of teeth and prosthodontic 

rehabilitation. The modal frequency for each of the food groups is shown in 
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bold and was found to be the same category across all oral health groups, 

except for vegetables and nuts. The most frequent consumption category for 

vegetables and nuts differed, as it was 2-6 times per week for those with no 

teeth, 1-20 teeth with and without dentures, and once or more per day for those 

with 21-28 teeth with and without dentures. The most frequent consumption 

category for olive oil/rapeseed oil and wine was never or less than once per 

month. The most frequent consumption category for fruits and wholegrains 

was once or more per day, whilst for red meat and meat products it was 2-6 

times per week and for oily fish it was 1-4 times per month. 

5.5.3 Association between mean daily food portions and oral health 

status 

Table 5.5 shows the mean daily food portions according to number of teeth 

and prosthodontic rehabilitation. After full adjustment, for age, SES, smoking, 

BMI and CRP levels, there were significant associations between oral health 

status and intakes of fruit, vegetables, nuts, and wine after 13 years. The mean 

fruit intake was significantly higher in each oral health group compared to 

edentate men with dentures: 21-28 teeth without dentures (p=0.001), 21-28 

teeth with dentures (p=0.002), 1-20 teeth without dentures (p=0.03), and 1-20 

teeth with dentures (p=0.03). The mean future dietary intake of vegetables, 

nuts, and wine were significantly higher in men with 21-28 teeth without 

dentures and also in men with 21-28 teeth with dentures, each compared to 

men with 1-20 teeth without dentures (all p<0.01), 1-20 teeth with dentures (all 

p<0.05) and edentate with dentures (both p<0.05 and p<0.01, respectively). 

The overall p values for wholegrains and oily fish were not significant, however 

in the post-hoc analysis, the mean intake was significantly higher in men with 

21-28 teeth with dentures, compared to men with 1-20 teeth without dentures 

(both p=0.02). The mean intake of wholegrains was also significantly higher in 

men with 21-28 teeth without dentures, compared to men with 1-20 teeth 

without dentures (p=0.03). The future mean dietary intake of olive oil/rapeseed 

oil and red and processed meat were not associated with oral health status 

after full adjustment. Within this analysis, a significant p for trend across oral 

health categories was observed for the dietary intake of certain food groups 

(fruit, vegetables, and nuts). 
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5.5.4 Frequency of men achieving dietary guidelines according to oral 

health status 

Table 5.6 shows the frequency and percentage of men who achieved various 

dietary guidelines according to oral health status. Dietary guidelines for fruits, 

vegetables and oily fish were not achieved by the majority of men across all 

oral health status groups. Dietary guidelines for red meat and wine were 

achieved by the majority of men across all oral health groups. The only 

significant difference between the groups was the number of men achieving 

the fruit dietary guideline. Therefore, in the total sample, 95% of men were 

meeting the wine guideline, 31% oily fish, 27% fruit and only 3% for vegetables. 

5.5.5 Association between dietary guidelines and oral health status  

Table 5.7 shows the odds of the impact of number of teeth and prosthodontic 

rehabilitation on the achievement of UK dietary recommendations after 13 

years. In fully adjusted models, edentate men with dentures were 64% less 

likely to achieve the target intake of fruit, compared to men with 21-28 teeth 

without dentures, OR [95% CI; p value]: 0.36[0.17, 0.79; p=0.01]. Achievement 

of the other dietary recommendations (i.e. vegetables, oily fish and wine) were 

not associated with oral health status. 

5.5.6 Association between diet quality scores and oral health status 

 
Table 5.8 shows the mean diet quality scores according to number of teeth and 

prosthodontic rehabilitation. After full adjustment, the mean DDS, MDS(M) and 

MDS(R) were significantly higher in men with 21-28 teeth without dentures, 

compared to men with 1-20 teeth without dentures (all p<0.01), 1-20 teeth with 

dentures (all p≤0.001), and edentate with dentures (all p<0.001). Similarly, 

after full adjustment, the mean future DDS, MDS(M) and MDS(R) were 

significantly higher in men with 21-28 teeth with dentures, compared to men 

with 1-20 teeth without dentures (all p<0.05) 1-20 teeth with dentures (all 

p<0.05) and edentate with dentures (all p<0.01). Within this analysis, a 

significant p for trend across oral health categories was observed for the mean 

diet quality scores (DDS, MDS (M) and MDS(R)). 
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5.5.5.1 Sensitivity analysis of the association between diet quality scores 

and oral health status 

Table 5.9 shows the sensitivity analysis conducted in relation to the mean diet 

quality scores according to number of teeth and prosthodontic rehabilitation 

(n=884). This was conducted so that participants who had missing responses 

(i.e. coded as 999) were excluded from the analysis. After full adjustment, there 

was no change in the significance of the three dietary quality measures as they 

remained significant, with only the level of significance reducing from p<0.001 

to p=0.001 in the fully adjusted MDS(R) model. 
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Table 5.3 Baseline characteristics and oral health status for older Northern Irish men involved in the PRIME study (n=1096) 
 Total sample Partially 

dentate 
Partially 
dentate 

Partially 
dentate 

Partially 
dentate 

Edentate with 
dentures 

 

 (21-28 teeth) 

without 

(21-28 teeth) 

with dentures 

(1-20 teeth) 

without 

(1-20 teeth) 

with 

 

 dentures  dentures dentures  

NMAX (%) 1096 (100) 453 (41.3) 111 (10.1) 99 (9.0) 354 (32.3) 79 (7.2) P value 
        

Age (years) X 63.5 (2.9) 63.0 (2.7) 63.5 (2.9) 63.7 (2.7) 63.7 (3.0) 64.9 (2.9) <0.001c
 

Weight (kg) X 81.8 (11.9) 81.1 (11.4) 81.6 (9.6) 82.7 (13.5) 82.2 (12.6) 83.0 (12.5) 0.53 

BMI (kg/m2) X
 27.4 (3.5) 27.0 (3.4) 26.9 (2.9) 28.0 (4.0) 27.7 (3.6) 28.2 (3.7) 0.002a,b,c 

 

- Normal (18.5-24.99) n (%) Y 280 (25.5) 128 (28.3) 30 (27.0) 22 (22.2) 86 (24.3) 14 (17.7)  

- Overweight (25-29.99) n (%) Y 590 (53.8) 249 (55.0) 65 (58.6) 53 (53.5) 180 (50.8) 43 (54.4) 0.04 

- Obese (30-40+) n (%) Y 226 (20.6) 76 (16.8) 16 (14.4) 24 (24.2) 88 (24.9) 22 (27.8)  

Socio-Economic Status* n(%)Y
       0.002 

- Low 350 (31.9) 111 (24.5) 38 (34.2) 38 (38.4) 129 (36.4) 34 (43.0)  

- Intermediate 266 (24.3) 116 (25.6) 28 (25.2) 17 (17.2) 88 (24.9) 17 (21.5)  

- High 479 (43.7) 226 (49.9) 45 (40.5) 44 (44.4) 136 (38.4) 28 (35.4)  

- Missing 1 (0.1) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3) 0 (0.0)  

Education (years) X 11.7 (2.9) 12.2 (3.1) 12.6 (3.3) 10.9 (2.7) 11.2 (2.5) 10.6 (2.5) <0.001 

Marital status n (%)Y
       0.09 

- Single 980 (89.4) 402 (90.9) 105 (94.6) 88 (88.9) 306 (86.4) 69 (87.3)  

- Married or cohabiting 

Smoking status n (%)Y
 

116 (10.6) 41 (9.1) 6 (5.4) 11 (11.1) 48 (13.6) 10 (12.7)  
<0.001 

- Never 442 (40.3) 208 (45.9) 58 (52.3) 41 (41.4) 120 (33.9) 15 (19.0)  

- Past 484 (44.2) 186 (41.1) 42 (37.8) 43 (43.4) 167 (47.2) 46 (58.2)  

- Current 170 (15.5) 59 (13.0) 11 (9.9) 15 (15.2) 67 (18.9) 18 (22.8)  

Alcohol intake (units) per week in last three months X ^
 

- Total 15.4 (19.1) 14.3 (18.1) 19.5 (23.2) 15.0 (16.7) 15.8 (19.6) 14.9 (17.9) 0.14 

- Beer 7.3 (13.5) 6.2 (13.0) 9.7 (15.6) 6.1 (11.3) 8.3 (14.4) 7.1 (11.5) 0.06 

- Wine 5.3 (9.8) 5.2 (9.8) 6.1 (12.5) 6.4 (10.5) 4.8 (8.8) 5.0 (8.1) 0.54 

- Spirits 2.9 (5.9) 2.9 (6.0) 3.7 (8.4) 2.4 (3.7) 2.9 (5.7) 2.7 (4.7) 0.57 
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Blood Pressure (mm/hg) 

- Systolic X
 

- Diastolic X
 

 
138.6 (19.5) 
78.5 (11.0) 

 
137.7 (18.6) 
78.5 (10.6) 

 
138.3 (20.7) 
78.9 (10.6) 

 
136.4 (18.1) 
77.1 (10.7) 

 
140.2 (20.4) 
78.7 (11.3) 

 
139.8 (20.9) 
79.5 (13.2) 

 
0.31 
0.63 

Hypertension n (%) Y
       0.89 

- Yes 343 (31.3) 147 (32.5) 31 (27.9) 29 (29.3) 112 (31.6) 24 (30.4)  

- No 753 (68.7) 306 (67.5) 80 (72.1) 70 (70.7) 242 (68.4) 55 (69.6) 

Diabetes n (%) Y       0.08#
 

- Yes 62 (5.7) 19 (4.2) 4 (3.6) 4 (4.0) 27 (7.6) 8 (10.1)  

- No 1034 (94.3) 434 (95.8) 107 (96.4) 95 (96.0) 327 (92.4) 71 (89.9) 

CRP (mg/dl) Z ** 1.7 (1.6, 1.7) 1.5 (1.4, 1.7) 1.5 (1.3, 1.7) 1.7 (1.5, 1.9) 1.8 (1.7, 1.9) 2.0 (1.6, 2.5) 0.007a,b,c 

- Low (≤10mg/dl) n (%) Y 1006 (91.8) 425 (91.9) 102 (91.9) 92 (92.9) 319 (90.1) 68 (86.1)  

- High (>10mg/dl) n (%) Y 26 (2.4) 8 (1.8) 4 (3.6) 0 (0.0) 10 (2.8) 4 (5.1) 0.10#
 

- Missing 64 (5.8) 0 (0.0) 5 (4.5) 7 (7.1) 25 (7.1) 7 (8.9)  

Cholesterol ^ X 5.4 (1.0) 5.4 (0.9) 5.5 (0.9) 5.4 (1.0) 5.4 (0.9) 5.4 (1.2) 0.99 

- Normal (≤5mmol/L) n (%) Y 397 (36.2) 168 (37.1) 40 (36.0) 31 (31.3) 125 (35.3) 33 (41.8) 0.67 

- High (>5mmol/L) n (%) Y 699 (63.8) 285 (62.9) 71 (64.0) 68 (68.7) 229 (64.7) 46 (58.2)  

Oral health status        

Number of teeth X 18.5 (7.7) 24.5 (2.1) 22.8 (1.7) 17.9 (2.1) 13.7 (4.9) 0.0 (0.0) <0.001b
 

<21 teeth n (%) Y 564 (51.5)      <0.001 

≥21 teeth n (%) Y 532 (48.5)       

Denture Location n (%) Y
        

- None 552 (50.4) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3) 2 (2.5) <0.001 

- Lower 39 (3.6) 0 (0.0) 18 (16.2) 0 (0.0) 21 (5.9) 0 (0.0)  

- Upper 336 (30.7) 0 (0.0) 89 (80.2) 0 (0.0) 246 (69.5) 1 (1.3)  

- Both 166 (15.1) 0 (0.0) 4 (3.6) 0 (0.0) 86 (24.3) 76 (96.2)  

Significance level set at P≤0.05 and shown in bold. Numbers less than nMAX due to missing data. X Continuous variables presented as means and SDs and one-way ANOVA was used to identify any 
significant differences between the dental groups’ and SNK post-hoc test where superscripts represent: a 21-28 teeth with and without dentures significantly different from those with 1-20 teeth 
without dentures, b 21-28 teeth with and without dentures significantly different from those with 1-20 teeth with dentures, c Edentate with dentures group significantly different from the other 
four dental groups Y Categorical variables presented as frequencies and percentages and chi-square tests were used to identify any differences between the dental groups’ Z Continuous skewed 
variables (i.e. CRP) presented as geometric mean and 95% CIs. #3 cells had expected count less than 5 for CRP categories and 1 cell had expected count less than 5 for diabetes status so fishers 
exact test significance used ^ Number of alcoholic drinks per week converted to units per week assuming that 4% beer, 14% wine and 40% spirits were consumed, 1 unit of beer and wine = 2.33, 
1 unit of spirits =1 as 14 units = 6 pints, so 14/6 = 1 unit(2.33) (UK Chief Medical Officer, 2016) Cholesterol cut-offs were normal (≤5mmol/L) and high (>5mmol/L) [341]. CRP cut-offs were low if 
≤10mg/dL or high if >10mg/dL [342]. 
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Table 5.4 Frequency and percentage of consumption of the eight food groups (per portion) according to number of teeth and denture 

status among older Northern Irish men in the PRIME study (n=1096) 

 Partially dentate 
(21-28 teeth) 
without 
dentures 
(nMAX=453) 

Partially 
dentate (21-28 
teeth) with 
dentures 
(nMAX=111) 

Partially 
dentate (1-20 
teeth) without 
dentures 
(nMAX=99) 

Partially 
dentate (1-20 
teeth) with 
dentures 
(nMAX=354) 

Edentate 
with 
dentures 
(nMAX=79) 

Food Groups (per portion) N (%) N (%) N (%) N (%) N (%) 

Olive oil/ rapeseed oil (1 tablespoon)      

Never or less than once/ month 196 (47.5) 45 (45.0) 53 (58.9) 188 (60.6) 43 (65.2) 
1-4 per month 96 (23.3) 31 (31.0) 17 (18.9) 48 (15.5) 9 (13.6) 
2-6 per week 79 (19.1) 16 (16.0) 8 (8.9) 46 (14.8) 7 (10.6) 
Once or more/ day 42 (10.2) 8 (8.0) 12 (13.3) 28 (9.0) 7 (10.6) 

Fruit and natural fruit juice (80g or 150ml) 

Never or less than once/ month 8 (1.8) 2 (1.9) 3 (3.1) 13 (3.8) 6 (7.9) 
1-4 per month 40 (9.0) 6 (5.6) 11 (11.3) 45 (13.0) 13 (17.1) 
2-6 per week 92 (20.6) 19 (17.9) 29 (29.6) 81 (23.5) 24 (31.6) 
Once or more/ day 306 (68.6) 79 (74.5) 45 (56.2) 206 (59.7) 33 (43.4) 

Vegetables (80g)      

Never or less than once/ month 4 (0.9) 1 (0.9) 3 (3.1) 1 (0.3) 2 (2.6) 
1-4 per month 34 (7.6) 8 (7.5) 12 (12.2) 34 (9.8) 12 (15.4) 
2-6 per week 166 (37.1) 41 (38.7) 49 (50.0) 160 (46.0) 37 (47.4) 
Once or more/ day 243 (54.3) 56 (52.8) 34 (34.7) 153 (44.0) 27 (34.7) 

Oily fish (140g)      

Never or less than once/ month 54 (12.2) 12 (11.5) 24 (25.0) 64 (18.7) 11 (14.9) 
1-4 per month 250 (5.6) 51 (49.0) 45 (46.9) 178 (51.9) 43 (58.1) 
2-6 per week 130 (29.4) 38 (36.6) 26 (27.0) 94 (27.4) 18 (24.3) 
Once or more/ day 8 (1.8) 3 (2.9) 1 (1.0) 7 (2.0) 2 (2.8) 

Wine (125ml)      

Never or less than once/ month 183 (40.4) 43 (43.4) 59 (62.8) 180 (57.1) 31 (50.8) 
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1-4 per month 
2-6 per week 
Once or more/ day 

77 (17.8) 
103 (24.1) 
65 (15.1) 

20 (20.2) 
19 (19.2) 
17 (17.2) 

18 (19.1) 
8 (8.5) 
9 (9.6) 

49 (15.5) 
51 (16.2) 
35 (11.1) 

15 (24.6) 
10 (16.4) 
5 (8.2) 

Red meat (1 medium serving)      

Never or less than once/ month 11 (2.4) 3 (2.8) 2 (2.1) 4 (1.1) 4 (5.2) 
1-4 per month 70 (15.6) 19 (17.7) 15 (15.5) 49 (14.0) 16 (20.8) 
2-6 per week 309 (68.7) 74 (69.1) 67 (69.0) 237 (67.9) 47 (70.1) 
Once or more/ day 60 (11.3) 11 (10.2) 13 (13.4) 59 (16.9) 10 (13.0) 

Wholegrain bread, rice or cereals (1 medium serving) 
Never or less than once/ month 20 (4.5) 2 (1.9) 6 (6.3) 21 (6.0) 3 (4.0) 
1-4 per month 22 (4.9) 1 (0.9) 4 (4.2) 17 (4.9) 7 (9.3) 
2-6 per week 68 (15.2) 19 (17.9) 23 (23.9) 70 (20.0) 18 (24.0) 
Once or more/ day 337 (75.3) 84 (79.3) 63 (65.6) 242 (69.0) 47 (62.6) 

Nuts (1 small handful)      

Never or less than once/ month 158 (36.8) 34 (33.3) 46 (51.7) 202 (63.5) 41 (64.1) 
1-4 per month 163 (38.0) 38 (37.2) 32 (35.9) 79 (24.9) 18 (28.2) 
2-6 per week 67 (15.6) 16 (15.7) 5 (5.6) 22 (6.9) 1 (1.6) 
Once or more/ day 41 (9.6) 14 (13.7) 6 (6.7) 15 (4.7) 4 (6.3) 

Numbers less than nMAX due to missing data. Percentage results are valid percentages (exclude missing data). Highest modal frequency portion shown in bold for each food 
group and category of participants. 
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Table 5.5 Mean daily food portions according to number of teeth and denture status among older Northern Irish men in the 

PRIME study (n=1096) 

 Partially dentate 
(21-28 teeth) 
without 
dentures 
(nMAX=453) 

Partially dentate 
(21-28 teeth) 
with dentures 
(nMAX=111) 

Partially dentate 
(1-20 teeth) 
without 
dentures 
(nMAX=99) 

Partially dentate 
(1-20 teeth) with 
dentures 
(nMAX=354) 

Edentate 
with 
dentures 
(nMAX=79) 

  

Food Groups (per 
daily portion)* 

Geometric Mean 
(95% CI) 

Geometric Mean 
(95% CI) 

Geometric Mean 
(95% CI) 

Geometric Mean 
(95% CI) 

Geometric Mean 
(95% CI) 

P value P trend 

Olive oil/ rapeseed oil (1 tablespoon) 
Unadjusted 0.19 (0.16, 0.22) 0.18 (0.12, 0.24) 0.17 (0.11, 0.24) 0.15 (0.12, 0.19) 0.14 (0.07, 0.21) 0.43 0.12 
Model 1 0.19 (0.16, 0.22) 0.18 (0.12, 0.24) 0.18 (0.12, 0.24) 0.16 (0.12, 0.19) 0.14 (0.07, 0.22) 0.66 0.21 
Model 2 0.19 (0.16, 0.22) 0.18 (0.12, 0.24) 0.18 (0.12, 0.24) 0.16 (0.12, 0.19) 0.14 (0.07, 0.21) 0.57 0.16 
Model 3 0.19 (0.16, 0.22) 0.18 (0.12, 0.24) 0.17 (0.11, 0.24) 0.16 (0.13, 0.20) 0.15 (0.07, 0.22) 0.76 0.28 

Fruit and natural fruit juice (80g or 150ml) 
Unadjusted 1.17 (1.08, 1.26) 1.24 (1.06, 1.44) 1.04 (0.87, 1.22) 1.00 (0.92, 1.10) 0.72 (0.56, 0.90) <0.001 <0.001 
Model 1 1.16 (1.07, 1.25) 1.24 (1.06, 1.44) 1.04 (0.87, 1.22) 1.01 (0.92, 1.11) 0.73 (0.57, 0.92) <0.001 <0.001 
Model 2 1.16 (1.07, 1.25) 1.23 (1.05, 1.43) 1.03 (0.86, 1.21) 1.02 (0.93, 1.12) 0.75 (0.58, 0.94) 0.001 <0.001 
Model 3 1.15 (1.06, 1.24) 1.21 (1.03, 1.41) 1.07 (0.89, 1.26) 1.02 (0.92, 1.12) 0.78 (0.60, 0.98) 0.008 <0.001 

Vegetables (80g)        

Unadjusted 0.95 (0.89, 1.02) 0.96 0.83, 1.09) 0.71 (0.60, 0.84) 0.79 (0.73, 0.87) 0.67 (0.55, 0.81) <0.001 <0.001 
Model 1 0.94 (0.88, 1.01) 0.96 (0.83, 1.10) 0.72 (0.60, 0.84) 0.80 (0.74, 0.87) 0.69 (0.56, 0.83) <0.001 <0.001 
Model 2 0.94 (0.87, 1.00) 0.96 (0.83, 1.09) 0.71 (0.59, 0.84) 0.81 (0.74, 0.87) 0.70 (0.57, 0.84) 0.001 0.001 
Model 3 0.93 (0.86, 1.00) 0.97 (0.84, 1.11) 0.71 (0.59, 0.85) 0.81 (0.74, 0.88) 0.71 (0.57, 0.87) 0.003 0.002 

Oily fish (140g)        

Unadjusted 0.20 (0.18, 0.22) 0.24 (0.20, 0.28) 0.17 (0.13, 0.21) 0.19 (0.17, 0.21) 0.19 (0.15, 0.24) 0.15 0.21 
Model 1 0.20 (0.18, 0.22) 0.24 (0.20, 0.28) 0.17 (0.13, 0.21) 0.19 (0.17, 0.21) 0.19 (0.15, 0.24) 0.16 0.22 
Model 2 0.20 (0.18, 0.22) 0.24 (0.20, 0.28) 0.17 (0.13, 0.21) 0.19 (0.17, 0.21) 0.19 (0.15, 0.24) 0.15 0.19 
Model 3 0.21 (0.19, 0.22) 0.24 (0.20, 0.28) 0.17 (0.13, 0.21) 0.19 (0.17, 0.22) 0.19 (0.14, 0.23) 0.18 0.16 

Wine (125ml)        
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Unadjusted 0.31 (0.27, 0.36) 0.29 (0.21, 0.38) 0.16 (0.08, 0.25) 0.21 (0.16, 0.26) 0.21 (0.11, 0.33) 0.003 0.04 
Model 1 0.30 (0.26, 0.35) 0.29 (0.21, 0.39) 0.16 (0.08, 0.25) 0.21 (0.16, 0.26) 0.22 (0.12, 0.34) 0.01 0.08 
Model 2 0.30 (0.26, 0.35) 0.30 (0.21, 0.39) 0.17 (0.09, 0.26) 0.21 (0.16, 0.26) 0.22 (0.11, 0.33) 0.02 0.06 
Model 3 0.31 (0.26, 0.36) 0.30 (0.21, 0.40) 0.15 (0.06, 0.23) 0.22 (0.17, 0.27) 0.24 (0.12, 0.36) 0.007 0.11 

Red meat (1 medium serving) 
Unadjusted 0.50 (0.47, 0.53) 0.46 (0.40, 0.52) 0.49 (0.42, 0.55) 0.53 (0.49, 0.57) 0.48 (0.41, 0.56) 0.37 0.73 
Model 1 0.50 (0.47, 0.53) 0.46 (0.40, 0.52) 0.49 (0.42, 0.55) 0.53 (0.49, 0.57) 0.48 (0.41, 0.56) 0.37 0.75 
Model 2 0.50 (0.47, 0.53) 0.46 (0.40, 0.53) 0.48 (0.42, 0.55) 0.53 (0.49, 0.56) 0.48 (0.40, 0.55) 0.42 0.91 
Model 3 0.51 (0.48, 0.54) 0.47 (0.41, 0.54) 0.50 (0.43, 0.57) 0.53 (0.49, 0.57) 0.49 (0.41, 0.57) 0.66 0.89 

Wholegrain bread, rice or cereals (1 medium serving) 

Unadjusted 1.09 (1.02, 1.16) 1.16 (1.01, 1.31) 0.89 (0.76, 1.03) 0.97 (0.90, 1.05) 0.97 (0.82, 1.14) 0.02 0.04 
Model 1 1.08 (1.01, 1.15) 1.16 (1.02, 1.32) 0.89 (0.76, 1.03) 0.98 (0.91, 1.06) 0.97 (0.82, 1.14) 0.03 0.05 
Model 2 1.07 (1.00, 1.14) 1.14 (1.00, 1.29) 0.90 (0.77, 1.04) 0.99 (0.92, 1.07) 1.01 (0.85, 1.18) 0.11 0.21 
Model 3 1.06 (0.99, 1.13) 1.14 (0.99, 1.29) 0.89 (0.75, 1.03) 1.01 (0.94, 1.09) 1.02 (0.85, 1.20) 0.16 0.35 

Nuts (1 small handful) 
Unadjusted 0.19 (0.16, 0.21) 0.22 (0.17, 0.27) 0.10 (0.05, 0.16) 0.09 (0.06, 0.12) 0.09 (0.03, 0.15) <0.001 <0.001 
Model 1 0.19 (0.16, 0.21) 0.22 (0.17, 0.28) 0.10 (0.05, 0.16) 0.09 (0.06, 0.12) 0.08 (0.03, 0.15) <0.001 <0.001 
Model 2 0.19 (0.16, 0.21) 0.22 (0.17, 0.27) 0.10 (0.05, 0.16) 0.09 (0.06, 0.12) 0.09 (0.03, 0.15) <0.001 <0.001 
Model 3 0.19 (0.16, 0.21) 0.22 (0.16, 0.28) 0.10 (0.04, 0.15) 0.09 (0.06, 0.12) 0.10 (0.04, 0.17) <0.001 <0.001 

Significance level set at P≤0.05 and shown in bold. Numbers less than nMAX due to missing data. *Food group daily portions were log10 transformed and back- transformed and 

results presented as geometric means and 95% CIs, p value and p for trend. Model 1 adjusted for demographics: age, socio-economic status. Model 2 adjusted for lifestyle 

factors: Model 1 and smoking, BMI. Model 3 adjusted for health factors: Model 1, Model 2, and logged C - reactive protein. LSD post- hoc tests were used to look for individual 

differences between the groups and results are presented in results section. 
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Table 5.6 Frequency and percentage of older Northern Irish men in the PRIME study achieving the UK guidelines for 

food groups (daily or weekly) according to oral health status (n=1096) 

 Partially dentate 
(21-28 teeth) 
without dentures 
(nMAX=453) 

Partially dentate 
(21-28 teeth) with 
dentures (nMAX=111) 

Partially dentate 
(1-20 teeth) without 
dentures 
(nMAX=99) 

Partially dentate 
(1-20 teeth) with 
dentures (nMAX=354) 

Edentate 
with 
dentures 
(nMAX=79) 

 

Dietary 
Guidelines 

Yes 
N (%) 

No 
N (%) 

Yes 
N (%) 

No 
N (%) 

Yes 
N (%) 

No 
N (%) 

Yes 
N (%) 

No 
N (%) 

Yes 
N (%) 

No 
N (%) 

P 
value* 

Fruit and natural fruit juice daily a
 

 134 
(20.0) 

313 
(70.0) 

32 
(30.2) 

74 
(69.8) 

25 
(25.5) 

73 
(74.5) 

87 
(25.2) 

258 
(74.8) 

8 
(10.5) 

68 
(89.5) 

 

0.008 

Vegetables daily b
 

 16 
(3.6) 

432 
(96.4) 

5 
(4.7) 

101 
(95.3) 

1 
(1.0) 

97 
(99.0) 

9 
(2.6) 

339 
(97.4) 

3 
(3.8) 

75 
(96.2) 

 

0.52#
 

Red and processed meat daily c
 

 445 
(98.7) 

6 
(1.3) 

105 
(98.1) 

2 
(1.9) 

97 
(100.0) 

0 
(0.0) 

242 
(98.0) 

7 
(2.0) 

75 
(97.4) 

2 
(2.6) 

 
0.54#

 

Oily fish weekly d
 

 138 
(31.2) 

305 
(68.8) 

41 
(39.4) 

63 
(60.6) 

27 
(28.1) 

69 
(71.9) 

101 
(29.4) 

242 
(70.6) 

20 
(27.0) 

54 
(73.0) 

 

0.31 

Wine weekly e
 

 401 
(93.5) 

28 
(6.5) 

93 
(93.9) 

6 
(6.1) 

90 
(95.7) 

4 
(4.3) 

302 
(95.9) 

13 
(4.1) 

57 
(93.4) 

4 
(6.6) 

 

0.63#
 

Significance level set at P≤0.05 and shown in bold. Numbers less than nMAX due to missing data. Categorical results presented as frequencies and percentages. *Chi-

square tests used to look for any significant differences. #Fishers exact test as 1 cell had expected count less than 5. UK dietary recommendations: a 2 portions/day b 3 

portions/day c 1 portion (70g)/day d 1 portion (140g)/week e 6 glasses (175ml)/week which was calculated as the portion x 125 / 175 to get per 175ml. 
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Table 5.7 Likelihood of achieving UK guidelines for food groups (portions/day) according to oral health status among 

older Northern Irish men in the PRIME study (n=1096) 

 Partially dentate 
(21-28 teeth) 
without dentures 
(nMAX=453) 

Partially dentate 
(21-28 teeth) with 
dentures (nMAX=111) 

Partially dentate 
(1-20 teeth) without 
dentures 
(nMAX=99) 

Partially dentate 
(1-20 teeth) with 
dentures 
(nMAX=354) 

Edentate with dentures 
(nMAX=79) 

Food Groups (per daily portion)*  OR(95% CI) OR(95% CI) OR(95% CI) OR(95% CI) 

Fruit and natural fruit juice a
      

Unadjusted Ref. 1.01 (0.64, 1.60) 0.80 (0.49, 1.31) 0.79 (0.57, 1.08) 0.27 (0.13, 0.59)*** 
Model 1 Ref. 1.03 (0.65, 1.64) 0.83 (0.51, 1.38) 0.81 (0.59, 1.12) 0.29 (0.14, 0.63)** 
Model 2 Ref. 1.01 (0.63, 1.61) 0.85 (0.51, 1.40) 0.84 (0.61, 1.16) 0.31 (0.14, 0.68)** 
Model 3 Ref. 1.00 (0.62, 1.61) 0.86 (0.51, 1.45) 0.86 (0.61, 1.20) 0.36 (0.17, 0.79)** 

Vegetables b      

Unadjusted Ref. 1.33 (0.48, 3.73) 0.28 (0.04, 2.12) 0.72 (0.31, 1.64) 1.08 (0.31, 3.79) 
Model 1 Ref. 1.36 (0.49, 3.81) 0.30 (0.04, 2.31) 0.74 (0.32, 1.70) 1.17 (0.32, 4.22) 
Model 2 Ref. 1.51 (0.53, 4.29) 0.28 (0.04, 2.17) 0.68 (0.29, 1.60) 0.96 (0.26, 3.57) 
Model 3 Ref. 1.59 (0.55, 4.54) 0.32 (0.04, 2.51) 0.79 (0.34, 1.88) 1.12 (0.30, 4.20) 

Oily fish c      

Unadjusted Ref. 1.43 (0.92, 2.23) 0.86 (0.53, 1.41) 0.92 (0.68, 1.25) 0.82 (0.47, 1.42) 
Model 1 Ref. 1.47 (0.94, 2.29) 0.88 (0.54, 1.44) 0.95 (0.70, 1.30) 0.84 (0.48, 1.47) 
Model 2 Ref. 1.49 (0.95, 2.32) 0.89 (0.54, 1.46) 0.95 (0.69, 1.30) 0.82 (0.47, 1.46) 
Model 3 Ref. 1.46 (0.92, 2.31) 0.86 (0.51, 1.43) 0.99 (0.72, 1.37) 0.80 (0.44, 1.46) 

Wine d      

Unadjusted Ref. 1.04 (0.42, 2.60) 1.52 (0.52, 4.44) 1.56 (0.79, 3.08) 0.96 (0.32, 2.84) 
Model 1 Ref. 1.00 (0.40, 2.51) 1.49 (0.51, 4.40) 1.50 (0.75, 2.97) 0.91 (0.30, 2.76) 
Model 2 Ref. 1.00 (0.40, 2.51) 1.44 (0.49, 4.27) 1.46 (0.73, 2.92) 0.87 (0.28, 2.67) 
Model 3 Ref. 0.95 (0.38, 2.39) 2.75 (0.64, 11.91) 1.34 (0.67, 2.70) 0.74 (0.24, 2.29) 

Significant results are shown in bold. *= Significant at P≤0.05 ** = Significant at P≤0.01 *** Significant at P≤0.001. Results are presented as OR and 95% CI. Red and processed 

meat category was dropped from this analysis as everyone who was partially dentate (1-20 teeth) without dentures achieved the dietary guideline of 1 portion (70g)/day 

and so logistic regression is not able to handle zeros in the analysis. UK dietary recommendations: a 2 portions/day b 3 portions/day c1 portion (140g)/week d 6 glasses 

(175ml)/week. Model 1 adjusted for demographics: age, socio-economic status. Model 2 adjusted for lifestyle factors: Model 1 and smoking, BMI. Model 3 adjusted for 

health factors: Model 1, Model 2, and logged C – reactive protein. 
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Table 5.8 Mean diet quality scores (SE) according to number of teeth and denture status among older Northern Irish 

men in the PRIME study (n=1096) 

 Partially dentate 
(21-28 teeth) 
without 
dentures 
(nMAX=453) 

Partially dentate 
(21-28 teeth) 
with dentures 
(nMAX=111) 

Partially 
dentate (1-20 
teeth) without 
dentures 
(nMAX=99) 

Partially 
dentate (1-20 
teeth) with 
dentures 
(nMAX=354) 

Edentate 
with 
dentures 
(nMAX=79) 

  

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) P value P trend 

DDS (range 0-8) 

Unadjusted 5.65 (0.07) 5.60 (0.14) 5.03 (0.15) 5.09 (0.08) 4.72 (0.17) <0.001 <0.001 

Model 1 5.61 (0.07) 5.62 (0.14) 5.05 (0.15) 5.12 (0.08) 4.80 (0.17) <0.001 <0.001 
Model 2 5.60 (0.07) 5.60 (0.14) 5.06 (0.15) 5.13 (0.08) 4.83 (0.17) <0.001 <0.001 
Model 3 5.61 (0.07) 5.55 (0.14) 5.03 (0.15) 5.16 (0.08) 4.86 (0.18) <0.001 <0.001 

MDS(M) (range 0-8) 

Unadjusted 4.46 (0.08) 4.60 (0.16) 3.73 (0.17) 3.77 (0.09) 3.32 (0.19) <0.001 <0.001 
Model 1 4.40 (0.08) 4.61 (0.16) 3.75 (0.17) 3.80 (0.09) 3.41 (0.19) <0.001 <0.001 
Model 2 4.39 (0.08) 4.60 (0.16) 3.77 (0.17) 3.81 (0.09) 3.43 (0.19) <0.001 <0.001 
Model 3 4.38 (0.08) 4.57 (0.16) 3.75 (0.18) 3.84 (0.09) 3.51 (0.20) <0.001 <0.001 

MDS(R) (range 0-8) 

Unadjusted 2.18 (0.05) 2.24 (0.10) 1.77 (0.11) 1.86 (0.06) 1.60 (0.12) <0.001 <0.001 
Model 1 2.16 (0.05) 2.25 (0.10) 1.78 (0.11) 1.87 (0.06) 1.63 (0.12) <0.001 <0.001 
Model 2 2.16 (0.05) 2.25 (0.10) 1.79 (0.11) 1.87 (0.06) 1.63 (0.12) <0.001 <0.001 
Model 3 2.16 (0.05) 2.23 (0.10) 1.78 (0.11) 1.89 (0.06) 1.65 (0.13) <0.001 <0.001 

Significance level set at P≤0.05 and shown in bold. Higher diet scores= greater adherence to the Mediterranean diet and diet diversity. Continuous variables are given 

as means and SE of the mean and one-way ANOVA was used to identify any differences between the three dental groups’ continuous variables. LSD post-hoc tests used 

to look for differences between the groups and results are presented in the results section. Model 1 adjusted for demographics: age, socio-economic status. Model 2 

adjusted for lifestyle factors: Model 1 and smoking, BMI, Model 3 adjusted for health factors: Model 1, Model 2, and logged C-reactive protein. 
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Table 5.9 Sensitivity analysis of the mean diet quality scores (SE) according to number of teeth and denture status 

among older Northern Irish men in the PRIME study (n=884) 

 Partially 
dentate 
(21-28 teeth) 
without 
dentures 
(nMAX=453) 

Partially 
dentate 
(21-28 
teeth) with 
dentures 
(nMAX=111) 

Partially 
dentate 
(1-20 teeth) 
without 
dentures 
(nMAX=99) 

Partially 
dentate 
(1-20 teeth) 
with dentures 
(nMAX=354) 

Edentate 
with 
dentures 
(nMAX=79) 

  

 Mean (SE) Mean (SE) Mean (SE) Mean (SE) Mean (SE) P value P trend 

DDS (range 0-8)        

Unadjusted 5.71 (0.07) 5.96 (0.15) 5.13 (0.16) 5.22 (0.08) 5.00 (0.20) <0.001 <0.001 
Model 1 5.69 (0.07) 5.96 (0.15) 5.15 (0.16) 5.23 (0.08) 5.06 (0.19) <0.001 <0.001 
Model 2 5.68 (0.07) 5.96 (0.15) 5.15 (0.16) 5.24 (0.08) 5.06 (0.20) <0.001 <0.001 
Model 3 5.69 (0.07) 5.91 (0.15) 5.18 (0.16) 5.26 (0.09) 5.14 (0.21) <0.001 <0.001 

MDS(M) (range 0-8) 

Unadjusted 4.56 (0.08) 4.91 (0.18) 4.01 (0.19) 3.86 (0.10) 3.63 (0.23) <0.001 <0.001 
Model 1 4.53 (0.08) 4.92 (0.18) 4.03 (0.19) 3.89 (0.10) 3.69 (0.23) <0.001 <0.001 
Model 2 4.51 (0.09) 4.90 (0.18) 4.06 (0.19) 3.90 (0.10) 3.73 (0.23) <0.001 <0.001 

Model 3 4.50 (0.09) 4.88 (0.18) 4.07 (0.19) 3.92 (0.10) 3.83 (0.25) <0.001 <0.001 
MDS(R) (range 0-8) 

Unadjusted 2.22 (0.05) 2.38 (0.11) 1.89 (0.12) 1.92 (0.06) 1.73 (0.15) <0.001 <0.001 
Model 1 2.21 (0.06) 2.39 (0.11) 1.89 (0.12) 1.93 (0.06) 1.75 (0.15) <0.001 <0.001 
Model 2 2.20 (0.06) 2.38 (0.11) 1.90 (0.12) 1.94 (0.07) 1.76 (0.15) <0.001 <0.001 
Model 3 2.20 (0.06) 2.36 (0.12) 1.90 (0.12) 1.96 (0.07) 1.78 (0.16) 0.001 0.001 

Significance level set at P≤0.05 and shown in bold. Higher diet scores= greater adherence to the Mediterranean diet and diet diversity. Continuous variables are given 

as means and SE of the mean and one-way ANOVA was used to identify any differences between the three dental groups’ continuous variables. LSD post-hoc test used 

to look for differences between the groups and results are presented in the results section. Model 1 adjusted for demographics: age, socio-economic status. Model 2 

adjusted for lifestyle factors: Model 1 and smoking, BMI, Model 3 adjusted for health factors: Model 1, Model 2, and logged C-reactive protein. 
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5.6 DISCUSSION 

 
This study investigated the association between oral health status and both 

the future dietary intake and diet quality, after an average time period of 13 

years in community-dwelling older adults. This is the first study to explore this 

association between oral health status and adherence to the MD. A significant 

finding of this study was that an individual’s oral health status was associated 

with future dietary behaviour. Of interest, having 21 or more natural teeth, was 

positively associated with intakes of fruit, vegetables, and nuts, and higher diet 

quality scores, compared to the reduced dietary intake and diet quality scores 

in those with 1-20 teeth or no natural teeth. This finding corresponds with the 

proposed cut-off for 21 or more teeth as the minimum number above which 

chewing ability should not be affected [20]. Therefore, a greater number of 

natural teeth may make foods easier to bite and chew, while having less teeth 

may make hard, crunchy texture foods uncomfortable and difficult to eat. 

Having less teeth may result in the avoidance of particular foods, and the 

possibility that softer, more energy dense foods are chosen, which increases 

the intake of saturated fat and sugar [350]. However, the adoption of different 

food preparation strategies commonly used in the MD such as softening foods 

by cooking them for longer, can still mean that food/nutrients can be consumed  

in those with a dental impairment (i.e. less teeth or removable dentures) [351]. 

Another option is that fruit juice could be chosen instead of hard fruits [352]. 

However, cooking methods were not assessed in the current study. 

This finding from the current study supports the majority of longitudinal studies, 

which found an association between tooth loss and reduced future dietary 

intake [53]. Findings also supported cross-sectional studies in older adults in 

the UK, US and Asian populations, as those with less natural teeth had a 

reduced consumption of fruit and vegetables [18,56,353], while in the US there 

were reduced intakes of meat, beans and oils and increased intakes of fat, 

alcohol and added sugar, compared to those with a greater number of natural 

teeth [56]. However, in the current study, meat and oils were not significantly 

associated with oral health status, whilst wine intake was higher in men with a 

greater number of teeth. Differences may be explained by the use of non- 

specific types of meat, lack of alcohol categories and a larger edentate sample 
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size (n=221) in that analysis [56], compared to the current study (n=79). Similar 

to the current study, having 21 or more natural teeth was associated with a 

greater consumption of fruit and vegetables, and subsequently fibre intake 

[354]. Therefore, 21 or more natural teeth may help achieve optimum 

nutritional intake [49]. 

To date, no studies have prospectively investigated whether oral health has an 

impact on diet quality several years later. The current study findings support 

evidence which found that less natural teeth was associated with a lower DDS 

in older females in Japan [60], and also in adults aged over 50 years old in 

India with ≥10 teeth missing/decayed [338]. However, this association did not 

exist in males [60], which is not in agreement with the current study findings. 

Similarly, the current study findings do not support evidence which suggested 

that 21 or more natural teeth was not associated with a higher diet quality score 

in over 60 year olds in the US [62]. This difference may be due to the different 

diet quality scores used, as that analysis used the Healthy Eating Index [62], 

while the current study included only men, had a different sample size and 

categorisation of oral health status groups and food groups. 

Interestingly, the current study results suggest that the effect of severe tooth 

loss on future dietary intake and diet quality may not be overcome with 

removable dentures, as edentate men with dentures had the lowest intake of 

fruit and vegetables, whilst men with 1-20 teeth with dentures had the lowest 

intake of nuts. Edentate men with dentures also had the lowest diet quality 

scores and were less likely to achieve the fruit dietary recommendation of two 

portions per day in the future. Results suggest that the use of dentures in those 

with less than 21 teeth was not associated with the same level of future dietary 

intake of fruit, vegetables, and nuts, as those with 21 or more teeth with 

dentures. However, it is important to acknowledge that this was a broad 

category, as it included for example, someone with two natural teeth and 18 

artificial teeth, as well as someone with five natural teeth and five artificial teeth. 

Food choice and ability to eat certain hard-textured foods may differ between 

participants within this oral health status category. Therefore, it is not clear 

whether the reduced intake of fruit, vegetables and nuts was associated with 

the use of dentures or having less natural teeth. 
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Findings in the current study do, however, support findings of the lower 

consumption of fruit and vegetables in older adults with complete dentures in 

Finland [54]. The use of complete dentures was also associated with a reduced 

nutrient intake in older adults in the UK [355], and particularly, energy, 

carbohydrates, lipids and fibre in France [356] compared to fully dentate older 

adults. Older adults in Japan with five or less occluding pairs of natural teeth 

(OPNT) and self-perceived ill-fitting dentures was associated with a lower DDS 

[59]. The current study, however, did not investigate nutrient intake, but it is 

assumed that reduced dietary intake may be linked with a reduced nutrient 

intake. The current study also supports findings in the US, as severe tooth loss 

was associated with being less likely to achieve various dietary guidelines (e.g. 

total fruit, whole fruit, total vegetables, meat and beans, and oils), compared to 

moderate to low tooth loss [56]. However, it was not clear if those with severe 

tooth loss wore dentures [56] or if dentures were kept in during food 

consumption or if they fitted correctly in these studies [54,356]. 

The current study does, however, lend support to the use of dentures for better 

nutritional intake, at least in those with 21 or more natural remaining teeth. 

Partially dentate men with 21-28 teeth with dentures had a higher intake of 

fruit, vegetables, and nuts, and diet quality scores, compared to those with 1- 

20 teeth with dentures. Having 21 or more natural remaining teeth may play a 

supportive role during the use of dentures, and subsequently, aid future dietary 

intake and diet quality, such as enabling men to consume more food groups in 

the MD. The finding supports recent evidence in Japan, where removable 

partial dentures were associated with an improvement in dietary intake, but 

only in those who had lost a small number of teeth [357]. A combination of 

prosthodontic rehabilitation with dietary guidance may be required to improve 

dietary intake [66], and this proved successful in increasing fruit and vegetable 

consumption in edentate individuals [51]. A recent systematic review 

concluded that there is moderate support for interventions which combine oral 

rehabilitation with a dietary intervention to improve dietary intake amongst 

older adults [358]. Therefore, this suggests that having a better oral health 

status alone, is not enough to change dietary intake and improve diet quality. 
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5.6.1 Strengths and limitations 

 
The strengths of this study included the relatively large representative sample 

of older Northern Irish men (n=1096). Results may be generalizable to other 

community-dwelling male populations with similar oral health status. Oral 

health status was assessed by one of four dental hygienists, trained to a gold 

standard, and inter- and intra-examiner consistency and reproducibility were 

assessed monthly. Dietary intake over the previous year was assessed using 

a short FFQ, by posting it to participants’ homes. This helped to reduce social 

desirability bias, as participants were not completing the questionnaire with the 

researcher. A relatively high response rate (82.3%) was achieved for the 

completion of the FFQ. The FFQ was based on MD food groups adapted for a 

NI population, to ensure that they were foods likely to be consumed in NI. 

A number of limitations, however, must be acknowledged. The PRIME study 

itself is a longitudinal study, however this analysis was considered cross- 

sectional as no dietary information was collected at the time of the oral health 

examination. Therefore, the findings cannot be used to determine cause and 

effect relationships between oral health and diet. As male community-dwelling 

older adults were recruited, findings are not generalizable to older females or 

those living in residential or care homes. This is important as oral health status 

and diet can vary between genders [20,359] and edentulism is higher in these 

facilities compared to private households [360]. Further research is required in 

prospective studies with larger populations, different genders, and more 

detailed dietary assessment. Specifically, prosthodontic rehabilitation in those 

with 21 or more natural remaining teeth and future dietary intake and diet 

quality. The number of natural teeth and artificial teeth (i.e. dentures) in the 

categories was broad and this may have affected food choices, and therefore 

this should be explored further. Other potential confounding factors (i.e. energy 

intake, health knowledge, cooking skills or food preferences) not investigated 

in this current study, may have led to different findings if they were included in 

the analysis. 

The edentate with dentures group had a smaller sample size (n=79) and this 

may have led to a reduced power to detect results as statistically significant, 
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and the use of multiple comparisons may have resulted in significant findings 

due to chance. It was not clear if dentures were kept in or removed during food 

consumption, and the denture quality and fit were unknown. The FFQ did not 

provide a true representation of participant’s overall diet as the men will have 

consumed other foods. There was a risk of under- or over-reporting of dietary 

intake, which may be due to recall bias that can be prevalent in this age group. 

Average intakes were calculated (e.g. 2-3/day became 2.5 portions), which 

may have underestimated achieving the vegetables dietary guideline (3 

portions/day). Some participants did not answer all eight questions in the FFQ, 

so either the food group was not truly consumed or it was a missing response. 

It was not clear if oral health status had an impact on the consumption of 

individual fruits or vegetables as the categories were generic. Dietary intake 

may have changed after the oral health assessment, or upon receiving 

dentures, but this was not recorded in 2001-2004. Objective biochemical 

measures would have been useful to confirm dietary intake. 

5.7 CONCLUSION 

 
Oral health status, specifically the number of remaining natural teeth and 

prosthodontic rehabilitation, was associated with dietary intake and diet quality 

in older men, after an average time period of 13 years. Having 21 or more 

natural teeth remaining positively affected future dietary intake of fruit, 

vegetables, and nuts, and showed higher diet quality scores (MDS and DDS), 

compared to those with severe tooth loss (i.e. 1-20 teeth or edentate). 

Therefore, the findings support the view that it is important to retain as many 

natural teeth as possible in later life. Men who were edentate and wearing 

dentures had the lowest diet quality score and were less likely to achieve the 

recommendation for daily fruit intake. Prosthodontic rehabilitation may be 

beneficial for dietary intake and diet quality, especially, in those with at least 

21 or more natural remaining teeth, in terms of improving the intake of hard- 

texture foods such as fruits, vegetables and nuts. Overall, findings suggest that 

oral health status is positively associated with future dietary intake, with those 

with a larger number of natural remaining teeth achieving better quality dietary 

intake. 



196  

 
 
 
 
 
 
 
 
 
 
 
 
 

CHAPTER 6 
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6.1 INTRODUCTION 

 
6.1.1 Dietary intake 

 
Oral health status may be an important factor influencing dietary intake, as 

previously mentioned in Chapter 1 [16,17]. This is important considering many 

older adults are currently not meeting the majority of dietary guidelines [24]. 

This potential link between oral health status and dietary intake has been 

discussed in Chapter 1 and further strengthened by analysis shown in Chapter 

5. It was found that older men with 21 or more natural teeth positively affected 

future intake of fruit, vegetables and nuts, and showed higher diet quality 

scores (MDS and DDS). Other relationships with oral health status, however, 

could not be explored in Chapter 5, as the data were not available including: 

oral health related quality of life (OHRQoL) which may affect an individual’s 

activities of daily functioning [361], nutritional status (i.e. body composition) or 

other age-related conditions amongst older adults such as frailty, as previously 

mentioned in Chapter 1. The presence of frailty is dynamic and transitional as 

it can move between being frail, prefrail and non-frail, as previously mentioned 

in Chapter 1 [95]. This indicates that there is potential to intervene to improve 

frailty status in older adults. 

6.1.2 Oral health status and frailty 

 
Evidence has suggested that poor oral health status may be a predictor and a 

marker of frailty in older adults [362]. A systematic review of five longitudinal 

studies in 2019 found a significant relationship in terms of an increased risk of 

frailty with poorer oral function and fewer natural teeth and, subsequently, a 

reduced risk of frailty in those with better oral function [362]. However, three 

studies were of poor quality and, therefore, further research is required to 

explore the relationship, particularly to determine the role of nutrition as a 

mediator in the relationship between oral health and frailty, ideally in 

prospective studies [362]. Therefore, the identification and management of 

poor oral health in older people could be important in the prevention of frailty 

[362,363]. 
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6.1.3 Nutrition and frailty 

 
If older adult’s oral health status is impaired, their dietary intake can be 

negatively affected as discussed above. This is problematic, as a poor diet has 

been linked to risk of frailty, and a recent review has assessed the 

observational and intervention evidence for a range of nutritional factors and 

the strength of evidence linking these factors with risk of frailty [364]. They 

stated that longer term, well-designed and appropriately powered intervention 

studies with body composition, physical function and frailty endpoints were 

required [364]. 

6.1.3.1 Mediterranean diet and frailty 

 
Evidence on these single nutrients can prove difficult due to the synergistic 

interaction effect of nutrients [28]. Therefore, the MD pattern may be 

associated with frailty, as it has been associated with skeletal muscle mass 

and power [365], and risk of frailty and its components [366,367]. A systematic 

review of prospective cohort studies in 2018 found that a greater adherence to 

the MD was associated with a lower risk of becoming frail amongst community- 

dwelling older adults [28]. However, this was only based on four observational 

studies, suggesting that further research is required to investigate if increased 

adherence to the MD can reduce the risk of frailty in non-Mediterranean 

populations [28]. A recent longitudinal study conducted amongst older men 

from the British Regional Heart Study, found that those with a better adherence 

to a Mediterranean style diet, calculated using the Elderly Diet Index, were less 

likely to become frail over a three-year period [368]. Therefore, no RCTs have 

been conducted in relation to the MD and frailty outcomes. Limited evidence, 

however, exists regarding the relationship between oral health, nutrition, and 

physical function (i.e. frailty). In 2019, one cross-sectional study investigated 

this relationship amongst geriatric inpatients in Australia, and found that self- 

reported poor oral health was independently associated with frailty, after 

adjustment for malnutrition risk using the MNA [369]. This study, however, did 

not investigate specific dietary patterns. They suggested that intervention 

research is required to determine whether the maintenance of good oral health 

can prevent or delay the progression of frailty [369]. 
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6.1.4 Oral health status and body composition 

 
Evidence regarding the relationship between body composition and oral health 

status in older adults is limited. There has been no systematic review 

conducted in this area, and so current evidence is based on individual 

observational studies and no study has used a DXA scan to assess body 

composition. Evidence in Brazilian older adults observed that being edentate 

[370] or experiencing some tooth loss [371] was associated with inadequate 

levels of body fat (i.e. underweight or overweight/obese) using bioelectrical 

impedance [370] and positively associated with suprailiac skinfold thickness 

(i.e. above hip bone) [371]. Both of these studies assessed oral health in a 

clinical examination [370,371]. 

6.1.5 Mediterranean diet and body composition 

 
Limited evidence also exists in relation to body composition and adherence to 

the MD in older adults. There has been no systematic review conducted in this 

area and only one RCT has been conducted in older adults living in Spain aged 

55-80 years old [372]. Findings showed that after a one year intervention 

period of the intervention group consuming a MD, that the control group had a 

significantly increased total body fat percentage but this did not differ 

significantly to the intervention group, according to bioelectrical impedance 

[372]. Other evidence, however, is based on observational cross-sectional 

studies in adolescents [373] and university students [374] using 

anthropometric measures and bioelectrical impedance and females aged 18- 

44 years old using a DXA scan [375]. Results found that an increased 

adherence to the MD was associated with a reduced BMI, waist circumference 

and fat mass [373], lower total and regional adiposity [375], and decreased 

BMI, visceral fat and fat mass and increased levels of fat-free mass [374]. 

However, these findings may not be generalizable to older adults and in other 

countries. Therefore, there is a gap in the literature to explore the association 

between the discussed factors in older adults in NI. 

6.2 AIM 

 
To investigate the associations between oral health status, diet, nutritional 

status and health outcomes 
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6.3 OBJECTIVE 

To explore associations between oral health status, dietary patterns, body 

composition, frailty and health outcomes in a cross-sectional pilot study of 

Northern Irish older adults. 

 
6.4 METHODS 

 
6.4.1 Study population and design 

 
A cross-sectional pilot study was conducted with 50 older adults to gather 

information on dietary intake, body composition, and physical function 

measures, to inform the design and power calculation for a future 

Mediterranean dietary intervention in older adults. Saliva samples were also 

collected to explore their potential use in assessing nutritional status and/or 

dietary intake, as previously mentioned in Chapter 3. Data collected from this 

study were then used to explore the association between oral health status, 

DPs, nutritional status, frailty and health outcomes. The study visits took place 

in the NICRF, Belfast City Hospital. Visits were facilitated by the researcher 

(DL) along with NICRF staff who conducted a DXA scan. Study visits were 

conducted between July and September 2019, lasting approximately two hours 

per participant. Study visits were arranged at a suitable time for the participant 

(i.e. morning or afternoon). Participants were contacted the day before by the 

researcher (DL) to remind them about their scheduled visit. If the appointment 

was no longer suitable, a new date was arranged. Participants did not receive 

any payment for taking part in the study, however, reasonable travel expenses 

were reimbursed. 

6.4.2 Ethical approval 

 
Ethical approval was obtained from the Office for Research Ethics Committee 

NI (Ref. 18/WM/0375) and research governance approval from QUB and 

Belfast Health and Social Care Trust. No major ethical issues were anticipated 

to occur within the study. All data collected were anonymised using a unique 

participant ID. Participants provided written informed consent at the beginning 

of the study visit. Participants were informed that their participation was 
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voluntary and that they could withdraw at any time without giving a reason. A 

letter was sent to each participants GP to inform them about their patient’s 

participation in the study (Appendix 15). They were not informed of individual 

results and this would be up to participants if they wished to share this with 

their GP. Participants were informed that all data collected was strictly 

confidential and that electronic data would be stored securely on an encrypted 

and password protected hard drive. All hand-written data such as signed 

consent forms or DXA referral forms were stored in a locked fireproof filing 

cabinet in the CPH. 

 
6.4.3 Sample size and participant recruitment  
 

As this is a pilot study, a formal power calculation is not appropriate. However, a 

sample size of 50 participants has been chosen for this pilot based on the findings 

of Sim & Lewis (2012) which indicate a sample size of at least 50 is necessary to 

provide a high level of confidence in estimates of the standard deviation for a 

future power calculation [376].  

 

To be included in the study participants had to be over 65 years old and live 

independently. Participants were excluded if they met any of the following criteria: 

 Medical conditions that would substantially limit the ability to complete 

the study requirements 

 BMI ≤ 19 and ≥ 40 kg/m2
 

 

 Surgery within previous three months 

 

 Psychiatric problems 

 

 Excessive alcohol consumption (>28 units/week for men, >21 

units/week for women) 

 Inability to provide informed consent (e.g. Medical diagnosis of 

Alzheimer’s or Dementia) 

The researcher (DL) recruited participants via different methods. These 

included: displaying posters (Appendix 16) in public areas, such as hospitals, 

NICRF, CPH, community centres, pharmacies, GP and dental surgeries or on 
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social media, with relevant permissions. The study was advertised with the 

help of community organisations who emailed details of the study to their 

mailing lists (e.g. University of Third Age, Community and Health Development 

Network, Age NI, Engage with Age). Interested individuals were able to 

telephone or email the researcher (DL) to express their interest in the study 

and find out more information. If they were still interested, screening took place 

over the telephone according to the inclusion and exclusion criteria previously 

stated. Those considered eligible after screening were sent a participant 

information sheet to read (Appendix 17). Potential participants were given at 

least 48 hours to decide whether they wanted to take part after receiving the 

participant information sheet. The researcher (DL) contacted participants after 

this time period to answer any queries and determine their willingness to 

participate. If they were still interested, a date for their study visit was arranged 

and a confirmation email was sent. Written informed consent was obtained by 

the researcher (DL) at the study visit (Appendix 17). In total, 74 potential 

participants were screened, of whom 50 actively participated in the study, 18 

were eligible reserves and six did not meet the eligibility criteria. Of the eligible 

reserves, three were included in the study due to three participants dropping 

out prior to their study visit. 

 

6.4.4 Data Collection 

 
6.4.4.1 Questionnaires 

 
Questionnaires were completed by participants and double checked by the 

researcher (DL) to ensure no answers were missing. These included: 

 A personal health, lifestyle and medical history questionnaire used 

previously in the CPH (Appendix 18). 

 A validated quality of life questionnaire known as EuroQol five 

dimensions (EQ-5D) consisting of five dimensions including: mobility, 

self-care, usual activities, pain/discomfort, and anxiety/depression 

[377]. The sixth question asked participants to state how good or bad 

they would rate their health on the day of the study visit using a visual 

analog scale, ranging from 0 (worst possible health) to 100 (best 

possible health) (Appendix 19). 
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 An activities of daily living (ADL) questionnaire assessed if participants 

had any difficulty (lasting at least three months) completing any of the 

listed 10 activities, as well as their ability to complete basic tasks on a 

daily basis [378] (Appendix 20). 

 The oral health impact profile questionnaire (OHIP-14) consisted of 14- 

items was used to assess OHRQoL [379] (Appendix 21). Participants 

were also asked to self-report their dental status according to the 

presence or absence of teeth and/or dentures. At the end of this 

questionnaire, participants overall chewing ability and ability to eat 

certain foods in relation to oral health was assessed. These foods were 

previously determined as difficult to eat in the NDNS [48]. 

 
6.4.4.2 Anthropometric measurements 

 
Anthropometric data collected included: weight (kg) and height (cm) measured 

using calibrated scales and stadiometer, respectively. Participants were asked 

to remove their shoes and anything in their pockets that could add extra weight. 

Participants stood onto the scale and weight was measured to the nearest 

0.1kg. For height, participants were asked to look straight ahead and then a 

moveable headboard was lowered until touching the crown of their head. 

Height was measured to the nearest millimetre and presented in metres. Waist 

and hip circumference was measured using a flexible, non-stretch tape (cm). 

Participants were informed that the waist and hip measurements would be 

taken three times and averaged to minimise measurement error. Waist to hip 

ratio (WHR) was categorised according to gender as low, moderate and high 

risk according to the WHO cut-offs [380]. 

 
6.4.4.3 Clinical examination 

BP was measured using an automated Omron device approved by the British 

Hypertension Society according to established protocols. This was carried out 

twice on the participant’s right arm to get average BP readings (systolic and 

diastolic). If this was not suitable, measurements were taken on the left arm. If 

their BP indicated possible hypertension (systolic: 140- 180mmHg, and 

diastolic: 90-110mmHg), or severe hypertension if readings were higher than 

stated, they were advised to visit their GP to get it checked [381]. 
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6.4.4.4 Data processing 

 
BMI was calculated as weight (kg) divided by height (m2) and was categorised 

as normal, overweight and obese. Smoking status was categorised as never, 

past or current. Occupation status was categorised as retired or employed. 

The most common supplements and medical conditions were grouped into 

categories. A multiple deprivation score was determined by entering each 

participant’s postcode into an online lookup tool 

(https://deprivation.nisra.gov.uk/). This produced a total deprivation rank, 

ranging from 1-890, with a higher score representing a less deprived area. The 

scores were categorised into quintiles, with one being the most deprived 

category and five being the least deprived category. A total OHIP-14 score was 

calculated for each participant, by summing together the score for each 

question. This ranged between 0-56, where a higher OHIP-14 score indicated 

a worse OHRQoL. Some of the categories in the oral health questionnaire 

were renamed in the analysis. For example, “I have all my own natural teeth – 

none missing” became “fully dentate”, “I have all my own teeth, no dentures – 

but some missing” became “partially dentate without dentures”, “I have 

dentures as well as some of my own teeth” became “partially dentate with 

dentures” and “I have full dentures” became “Edenate with dentures”. If 

participants stated that they did not eat the foods due to reasons other than 

dental status then this was noted as not applicable, including: dislike of the 

food, and acid reflux due to acidity of tomatoes and oranges. 

6.4.4.5 Dietary intake assessment 

 
Participants were given a four-day food diary at their study visit and asked to 

complete it on two week days and two weekend days, ideally consecutive if 

possible. They were informed it was important to continue to consume their 

normal diet during this period. Participants were given detailed verbal and 

written information regarding the completion of the food diary and, if they had 

any queries, they could contact the researcher at any stage (DL). For example, 

they were asked to record as much detail for foods or beverages consumed, 

in terms of cooking methods, amounts consumed (e.g. using household 

measures or weights on packaging) and provide any recipes for home cooked 

https://deprivation.nisra.gov.uk/
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dishes. A pre-paid stamped addressed envelope was given to participants to 

return the completed diary to the researcher (DL). A response rate of 98% was 

achieved for the food diaries, therefore any nutritional analysis included 49 

participants. 

6.4.4.5.1 Derivation of dietary intake 

 
Once completed food diaries were received, the researcher (DL) checked them 

for completeness in terms of the item description, portion sizes, and cooking 

methods, and any queries were resolved via a telephone call with participants. 

Food diaries were entered into a computerised food analysis database based 

on UK nutritional recommendations (Nutritics software, Nutritics Limited, 

Dublin, Ireland). This software is based on the sixth edition of McCance & 

Widdowson’s composition of foods updated with manufacturers’ data [382]. 

Average energy and nutrient intakes from the food diary for each participant 

were obtained from Nutritics. Mean daily nutrients were categorised according 

to nutritional recommendations age groups (65-74 and 75+ years old). The 

mean dietary intake of the four days was used to estimate daily and, 

subsequently, weekly intake. Protein, fat, carbohydrate, and alcohol intake 

were calculated as a percentage of energy intake. 

In relation to food groups, 80g of fruit or vegetables (i.e. fresh, canned or 

frozen) counted as one portion daily [383]. Only one portion of fruit juice 

(150ml) counted daily no matter how many glasses a participant consumed 

[383]. For dried fruit, one portion consisted of 30g [383]. For legumes (i.e. 

beans and pulses), only one portion (80g) counted daily regardless of the 

amount or type eaten [383]. Individual sources of fruit, and also vegetables, 

were then added separately and then combined to give the overall fruit and 

vegetable intake. Vegetable dishes were excluded in the vegetable portion 

calculation, and the processed meat category excluded the consumption of 

meat dishes, as the proportion of vegetables and meat in the dish were not 

clear. Given that confectionery is such a diverse group, the UK portion size 

guide was used to help calculate the estimated number of portions per 

participant (e.g. one portion is equivalent to a small chocolate biscuit bar, four 

small squares of chocolate, two small biscuits, one mini muffin) [384]. 
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6.4.4.5.2 Derivation of diet quality measures 

 
A food item file was also available from Nutritics and, within this, 14 food 

groups as shown in Table 6.1, were used to generate two diet quality scores: 

MDS and the DDS. 

6.4.4.5.2.1 Mediterranean Diet Score 

 
The generation of the MDS was based on a previously validated 14-item 

questionnaire (MEDAS) used in the PREDIMED study [44], but this was 

adapted for a NI population as previously mentioned in Chapters 1 and 5 [349]. 

MDS was calculated using both the dietary recommendations and median cut- 

off values in the study, as described in Table 6.1. As previously mentioned in 

Chapter 1, the median and dietary recommendations are useful for different 

reasons, and therefore it was considered best to include both in the analysis. 

Protective food components were assigned a point when the intake was above 

the cut-off and a zero otherwise, and those who primarily used olive oil or 

rapeseed oil as the main cooking fat or oil-based spreads also received a point. 

Detrimental food components were assigned a point when the intake was below 

the cut-off and a zero otherwise. A total MDS was then calculated for each 

participant by summing together each of the individual food groups. This has 

been shown to be useful in assessing adherence to the MD [385]. 

A higher mean MDS indicated greater adherence to the MD, and this ranged 

from 1-8 using the recommendation cut-offs and 1-10 using the median cut- 

offs. Adherence to the MD was categorised using three equal percentiles to 

obtain low, moderate and high adherence for both the median and dietary 

recommendations. The median values for oil, fish, chicken/turkey and nuts 

were initially calculated as zero, but this was not a suitable median cut-off to 

compare the study population intakes. Therefore, one point was given if 

participants consumed at least one portion of the food group at least once per 

day and a zero otherwise, as shown in Table 6.1. A point was given for the 

preferential consumption of wholegrains if the majority of items were 

wholegrain consumed over the four days. A point was also given if olive 
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oil/rapeseed oil and olive oil/rapeseed oil-based spreads were preferentially 

chosen over the four days. 

6.4.4.5.2.2 Dietary Diversity Score 

 
DDS was also assessed as a measure of diet quality, by assessing the 

frequency of consumption of 10 main food groups. This chosen method was 

based on a validated 11-item Food Diversity Score used previously in older 

adults in Japan [59,60]. This included the following food groups: grains 

(including bread, pasta, cereals, rice), potatoes, beans and soybean products, 

meat, fish and shellfish, eggs, milk and dairy products, vegetables, seaweed, 

nuts and fruits. However, seaweed was excluded as this is not a common food 

group consumed in NI. Participants were assigned a value of one if they 

consumed the food group at least once a week, and a value of zero was given 

otherwise. The individual food group scores were summed together to give an 

overall DDS, and this ranged from 6-8. A higher mean DDS represented a 

better dietary diversity and variety of foods in the diet. 
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Table 6.1 Mediterranean diet score cut-off criteria using two methods 

(dietary recommendations and median values) in older adults involved in 

the DHAS study (n=50) 

 

Cut-off value 

Scoring 
Method 

Components Score of 1 Score of 0 

Recommended 
Median # 

Olive oil/Rapeseed oil 
as main cooking fat 

Yes No 

Recommended 
Median # 

Olive oil /Rapeseed 
oil-based spreads 

Yes No 

Recommended 

 
 
 

Median a 

Olive oil/Rapeseed oil 
Olive oil/Rapeseed oil- 
based spreads 

 

Olive oil/Rapeseed oil 
Olive oil/Rapeseed oil- 
based spreads 

≥4tbsp/d (60mls) 
and/or 

≥3tsp/d (15g) 

 
 

≥1tbsp/d(15ml) 
and/or 

≥1tsp/d(5g) 

<4tbsp/d(60ml) 
and/or 

<3tsp/d(15g) 

 
 

<1tbsp/d(15ml) 
and/or 

<1tsp/d(5g) 

Recommended 
 

Median 

Whole fruit, dried fruit 
and natural fruit juice 

≥2pt/d(160g) 
 

≥156.5g/d 

<2pt/d(160g) 
 

<156.5g/d 

Recommended 
Median 

Vegetables ≥3pt/d(240g) 
≥115.5g/d 

<3pt/d(240g) 
<115.5g/d 

Recommended 
 

Median 

Legumes (including 
peas, beans and 
pulses) 

≥3pt/wk(240g) 
 

≥87.5g/wk 

<3pt/wk(240g) 
 

<87.5g/wk 

Recommended 
 

Median b 

Fish (not battered or 
crumbed) 

≥3pt/wk(420g) 
 

≥1pt/wk(140g) 

<3pt/wk(420g) 
 

<1pt/wk(140g) 

Recommended 
Median # 

Alcohol (if consumed) 1-3 glasses (125- 
375ml) or 

equivalent ≥3 
days/wk 

<1 or >3 glasses 

Recommended 
Median 

Red meat ≤2pt/wk(300g) 
≤157.5g/wk 

>2pt/wk(300g) 
>157.5g/wk 

Recommended 
Median 

Processed meat ≤1pt/wk(150g) 
≤105g/wk 

>1pt/wk(150g) 
>105g/wk 

Recommended 
 

Median c 

Chicken/Turkey 2pt/wk(200-300g) 
1pt/wk(100-150g) 

>2pt/wk(200-300g) 
>1pt/wk(100-150g) 

Recommended 
Median # 

Wholegrains 
(preferential 
consumption) 

Yes No 

Recommended 
 

Median d 

Nuts (excluding seeds 
and nut butters) 

≥3pt/wk(90g) 
 

≥1pt/wk(30g) 

<3pt/wk(90g) 
 

<1pt/wk(30g) 

Recommended 
Median 

Confectionery ≤3pt/wk 
≤10.5pt/wk 

>3pt/wk 
>10.5pt/wk 

Abbreviations: Pt=portions, d=daily, wk=weekly, tbsp=tablespoon. Median values for each component were calculated using the 
daily or weekly portions. a one point was given if one portion (15ml and/or 5g) was consumed at least once a day on all four days 
of the food diary and a zero otherwise b one point if one portion (140g) was consumed over the 4 days food dairy and a zero 
otherwise c one point if one portion (100-150g) was consumed over the 4 days food diary and a zero otherwise d one point if one 
portion (30g) was consumed at least once over the 4 days food diary and a zero otherwise # Median the same as the 
recommended. 
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6.4.4.6 Physical function measurements 

 
6.4.4.6.1 Dual Energy X-ray Absorptiometry Scan 

 
A DXA scan was used to assess participants’ total body composition. The 

scans were carried out using the Lunar iDXA scanner as shown in Figure 6.1 

(GE Medical Systems Lunar) [386]. The CoreScan option was selected to 

measure VAT. The lunar iDXA detector worked by the use of solid-state 

crystals which absorbs X-ray energy and leads to a current pulse due to the 

release of electrons under an applied voltage [386]. SOPs were followed to 

ensure the quality of scanning and analysis. QC was carried out weekly by 

trained staff using a water bath and an aluminium object which acted as a 

phantom spine. Quality assurance (QA) was performed daily by trained staff, 

prior to a DXA scan taking place. Results from QA and QC were archived and 

details of each scan were recorded in a DXA scan logbook including: mode 

used, exposure, any repositioning required and any comments such as, unable 

to remove jewellery. 

 

Figure 6.1 DXA Scanner [386] 

 
A DXA referral form was completed by the researcher (DL) and NICRF staff 

prior to the scan taking place (Appendix 22). All DXA scans were carried out 

by trained staff in the NICRF, where a standard whole body DXA scan resulted 

in a participant receiving approximately 0.7microSieverts. The region-of- 

interest on all participant scans was double checked after the scan by a 

radiographer. This helped to ensure accurate analysis of total body 

composition. One repeat scan was permitted, but only for clinical reasons (e.g. 

if the participant was not positioned correctly), rather than technical difficulties 

where the equipment may have been faulty. A correct position was determined 
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if the participants head appeared on the scan image within the first two or three 

sweeps. Potential repeat scans were accounted for in the Medical Physics 

Expert dose & risk assessment. 

The correct scan mode was required to ensure that the correct area for 

analysis was identified. This was based on the weight and height of each 

participant and scanning did not begin until this information was entered. A 

DXA scan uses this information to determine the thickness of the participant. 

The scan mode was set to one of the following: standard is 16-25cms (5-9 

minutes), thin is <13cms (3-9 minutes) or thick is >25cms (9-15 minutes). 

Therefore, the length of time taken for total body composition scan varied 

according to the individual. Contraindications relevant to a total body 

composition scan included: participants exceeding the weight limit (204kgs), 

radio-opaque contrast or radionuclide study within the previous fortnight, under 

20 years old at the time of scan, if participants were aged between 12-55 years 

old and could not confirm whether there was any risk of being pregnant at the 

time of the scan. The first two contraindications were applicable and they were 

checked with participants prior to the study visit, to ensure that they were 

suitable for the total body composition scan. 

Participants were advised prior to the study visit to bring suitable clothing for a 

DXA scan. Once informed consent was given, participants were asked to 

remove any unsuitable clothing in changing facilities and all jewellery, where 

possible, to minimize any artefacts appearing within the scan field, for 

example, zips, bra hooks, belts, glasses, hearing aids, piercings, shoes, 

buttons etc. They were then asked to get onto a DXA scanner, and help was 

provided where required. Participants were positioned on the scanner, with 

their head just below the top line on the scan mattress. Sponge head supports 

were available if the participant was unable to lie completely flat on the 

scanner. A loose strap was placed over participant’s feet to avoid movement. 

Hands and arms were placed inside the lines, with thumbs up and palms facing 

legs but not touching, as recommended by manufacturers. Participants were 

informed that it was important not to move during the scan. Once participants 

were comfortable the scan could begin. A mirror image was taken if the 

participant was wider than the scan area, provided that the right hand side of 
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their body was within the scan area. This was only required for one participant 

for their arm body composition measures. This method has previously been 

shown to be comparable with a whole-body scan [387]. Following the scan, 

participants were informed that they may feel dizzy getting up and to take their 

time and sit on the edge of a DXA scanner. 

 
Example images obtained from the scan are shown in Figure 6.2 and were 

analysed using the Encore Software (Version 15). The scan demographics 

entered into the software included: study number, date of birth, gender, height, 

weight, and ethnicity. Only data on body composition was extracted from the 

DXA scan. Bone density information was not read by the radiographer as part of 

the study. Participants were informed that the total body composition scan 

would not be clinically reviewed by the NICRF staff or radiographer, in line with 

procedures in the NICRF. A printed copy of the summary results was provided 

to participants which included information on, VAT, percentage fat, fat mass, 

and lean muscle mass. For analysis the results were converted from grams to 

kilograms to make the presentation of results clearer. 

 

Figure 6.2 Images produced from DXA Scanner [386] 

 
6.4.4.6.2 Walking speed 

 
Participants’ usual walking speed was assessed using a three metre walking 

test [388]. The distance of three metres has been shown to have excellent test- 

retest reliability in community dwelling older adults [389].  
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This method was also based on previous protocols used before in other studies 

in the CPH. Participants were instructed to keep their shoes on, stand with the 

top of their shoes touching the taped start line and walk in a straight line at 

their usual pace until past the taped finish line. The researcher (DL) timed 

participants using a mobile timer from when their foot crossed the start line up 

until both feet crossed the finish line. Each participant completed two attempts 

at the three metre walking test from a standing start. All of the walking tests 

were conducted in the NICRF on a level indoor surface with no turns. An 

average time was calculated from the two walking attempts. Speed was 

calculated as the distance divided by the average time (metres/second). This 

was categorized into two groups based on the participants speed, 

<0.8metres/second and ≥0.8metres/second, according to the British Geriatrics 

Society [390]. 

6.4.4.6.3 Grip strength 

 
Grip strength was assessed using a Smedley hand-held dynamometer 

according to established protocols. This has been shown to be a valid 

instrument for assessing muscle strength and function [391]. The researcher 

(DL) demonstrated the method of measuring grip strength, by explaining that 

they would remain seated and squeeze the equipment as hard as they could 

for a few seconds. Participants were informed that the test would consist of 

two attempts, beginning with their non-dominant hand and alternating with their 

dominant hand. They were instructed to keep their upper arm tight against their 

trunk and their forearm at a right angle to their upper arm. If required, they were 

able to support the dynamometer using their other hand. The dial of the 

dynamometer faced away from participants. 

 
If the patient was unable to complete the test, a reason was noted in the 

participant file. Any reasons for measurements considered below average 

were also noted (e.g. arthritis). Readings were recorded to the nearest whole 

number in kilograms (kg). An average grip strength reading was calculated for 

each hand based on the four readings. An overall grip strength was then 

calculated based on the two average scores from their left and right hands. 

Grip strength was categorized according to gender and age using previously 
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determined normative values [392]. This was in terms of the number of 

participants whose grip strength was above or below the value recorded for 

the 50th centile in British populations [392]. 

 
6.4.5 Collection and processing of whole saliva 

 
A stimulated saliva sample was collected from each participant using the Greiner 

Bio-One Saliva Collection System as shown in Figure 6.3 [393]. Participants 

were informed not to have any food or liquids 10 minutes prior to saliva 

collection. A questionnaire was completed to check that participants were able 

to provide a saliva sample. If they had a blocked nose, any open wounds in 

their mouth, intolerance to aspirin or asthma, it was advisable not to proceed 

with the saliva collection. Only one participant was unable to provide a saliva 

sample. 

Participants were instructed to swirl a mouthwash solution in their mouth for 

two minutes. The dye contained (tartrazine) within the mouthwash served as 

an internal standard to help ensure reproducible saliva analysis [393]. They 

were informed that it would have a citrus flavour. After this participants were 

asked to spit all the saliva solution out into the collection beaker. Saliva transfer 

tubes were then used for a quick transfer and to stabilise the sample [393]. 

Tubes were able to hold a maximum of 3.5ml and the rest of the saliva was 

disposed. Samples were stored in a cool bag with an ice pack until they were 

taken to the laboratory at QUB by the researcher (DL). All samples were 

processed in the centrifuge at 1000rpm for 15 minutes at 4C (DL). The saliva 

samples were collected, processed, stored at -80C and will be disposed of 

following QUB SOPs in accordance with the HTA 2004. 

 

Figure 6.3 Greiner Bio-One Saliva Collection System [393] 
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6.4.6 Derivation of frailty 

 
Fried frailty phenotype criteria were used to determine frailty in the population 

studied and more detail has been published elsewhere [9]. In brief, the frailty 

phenotype is based on five characteristics where individuals receive a point for 

each characteristic they exhibit including: >10Ibs weight loss unintentionally 

over previous year, weakness in grip strength (i.e. lowest 20% by gender and 

BMI), exhaustion assessed using two questions in the Centre for 

Epidemiologic Studies Depression Scale (CES-D), “I felt that everything I did 

was an effort” or “I could not get going” [394], slowness in walking time for 15 

feet (4.6metres) by gender and height and low activity in terms of kcals per 

week expended in males (<383 kcals/week) and females (<270kcal/week) [9]. 

Individuals are categorised as, not frail if none of the criteria are present; 

intermediate or prefrail if one of two of the criteria are present; and frail if ≥3 or 

more of the criteria present [9]. 

In the current study, it was not always possible to base the characteristics on 

the same information as the Fried criteria used, so similar questions were 

chosen from data completed during the study. Differences included that in the 

current study, unintentional weight loss was assessed over the previous three 

to six months, walking time was assessed over three metres, and low activity 

was assessed as kilocalories per week as no PA information was collected. 

Self-reported exhaustion was assessed using a question in the EQ-5D 

(Appendix 19). This asked participants “Please tick one box that best describes 

your health today in relation to anxiety/depression”. Those who stated that they 

were at least slightly anxious or depressed received a point towards the frailty 

index, and a zero otherwise. To account for the self-reported exhaustion 

question being slightly different to the other question asked, two frailty total 

scores were calculated. One which included all five characteristics (i.e. frailty 

five) and one which excluded the exhaustion criteria as no direct assessment 

was available (i.e. frailty four). 

6.4.7 Statistical methods 

 
All variables were summarised using descriptive statistics and presented 

according to the total sample and gender. All variables were normally 
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distributed. Means and SDs were presented for continuous variables and 

frequencies and percentages for categorical variables. Comparison of 

continuous variables between two groups was carried out using independent 

t-tests and groups (n>2) was carried out using ANOVA and for categorical 

variables (n>2) chi-square tests were used. Various relationships were 

explored between oral health status and a number of factors: chewing ability, 

OHRQoL, dietary patterns (MDS and DDS), body composition, and frailty 

status. The relationship between dietary patterns was also explored with body 

composition and frailty status. Potential associations between frailty status and 

oral health status, as well as frailty status and MD adherence, were explored 

further using unadjusted logistic regression models. LSD post-hoc tests were 

used where appropriate to look for significant differences between groups. 

Statistical analysis was carried out using SPSS for Windows version 

21.0. The level of statistical significance was set at p≤0.05. 

 
6.5 RESULTS 

 
6.5.1 Baseline characteristics 

 
Baseline characteristics are shown for the total sample and according to 

gender in Table 6.2. The study sample comprised of 50 Caucasian free-living 

older adults (mean age: 72.1±4.4 years), with 66% females and 34% males. 

The majority of participants were retired (n=41), none were current smokers, 

and the majority (89.8%) consumed breakfast every day during the completion 

of the four-day food diary. Females weighed significantly less, were shorter, 

had a smaller WC and WHR, lower grip strength and systolic BP compared to 

males. A greater proportion of females were a normal weight, were widowed, 

and had osteoporosis/osteopenia compared to males. In the total sample, only 

14% self-reported that they were fully dentate, while 52% stated they were 

partially dentate without dentures. The majority of females were within the 

latter category (60.6%) compared to the majority of males (52.9%) being 

partially dentate with dentures. 
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Table 6.2 Baseline characteristics of participants involved in the DHAS 

(n=50) 

 
 Total 

Sample 
(n=50) 

Males 
(n=17) 

Females 
(n=33) 

 

 N (%) N (%) N (%) P value 

Age (Years) X 72.1 (4.4) 71.2 (3.9) 72.6 (4.6) 0.30 
- Age Range 65-81 65-78 65-81  

- 65-69 16 (32.0) 7 (41.2) 9 (27.3)  

- 70-74 17 (34.0) 6 (35.3) 11 (33.3)  

- 75-79 14 (28.0) 4 (23.5) 10 (30.3)  

- 80+ 3 (6.0) 0 (0.0) 3 (9.1)  

Weight (kg) X 71.4 (11.2) 78.0 (9.6) 68.0 (10.6) 0.002 
Height (m) X 1.6 (0.08) 1.7 (0.06) 1.6 (0.05) <0.001 

BMI (kg/m2) X
 27.1 (4.3) 26.7 (2.7) 27.2 (4.9) 0.64* 

- Normal (18.5-24.99) 17 (34.0) 4 (23.5) 13 (39.4)  

- Overweight (25-29.99) 20 (40.0) 11 (64.7) 9 (27.3) 0.04**
 

- Obese (30-40+) 13 (26.0) 2 (11.8) 11 (33.3)  

Unplanned weight loss (kg)     

- Yes 2 (4.0) 1 (5.9)#
 1 (3.0)##

 1.00** 

- No 48 (96.0) 16 (94.1) 32 (97.0)  

Waist Circumference (cm) X
 89.4 (11.9) 95.9 (8.0) 86.1 (12.3) 0.001* 

Hip circumference (cm) X
 101.8 (8.1) 99.8 (5.9) 102.8 (8.9) 0.16* 

Waist-to-hip ratio X 0.9 (0.1) 0.96 (0.06) 0.8 (0.08) <0.001* 

- Low risk 19 (38.0) 7 (41.2) 12 (36.4) 0.27** 

- Moderate risk 12 (24.0) 6 (35.3) 6 (18.2)  

- High risk 19 (38.0) 4 (23.5) 15 (45.5)  

Marital Status     

- Married 25 (50.0) 12 (70.6) 13 (39.4) 0.05** 

- Living with a partner 1 (2.0) 0 (0.0) 1 (3.0)  

- Single (never married) 4 (8.0) 0 (0.0) 4 (12.1)  

- Separated 3 (6.0) 2 (11.8) 1 (3.0)  

- Divorced 5 (10.0) 2 (11.8) 3 (9.1)  

- Widowed 12 (24.0) 1 (5.9) 11 (33.3)  

Ethnicity (Caucasian) 50 (100.0) 17 (100.0) 33 (100.0)  

Multiple deprivation score 
^ 

   0.54** 

- 1= most deprived 11 (22.0) 3 (17.6) 8 (24.2)  

- 2 9 (18.0) 5 (29.4) 4 (12.1)  

- 3 13 (26.0) 4 (23.5) 9 (27.3)  

- 4 7 (14.0) 3 (17.6) 4 (12.1)  

- 5= least deprived 10 (20.0) 2 (11.8) 8 (24.2)  

Occupation status    0.47** 

- Retired 41 (82.0) 13 (76.5) 28 (84.5)  

- Employed 9 (18.0) 4 (23.5) 5 (15.2)  

Highest Education Level    0.16 

- Primary School 1 (2.0) 0 (0.0) 1 (3.0)  

- Secondary School 
(GCSEs) 

4 (8.0) 3 (17.6) 1 (3.0)  

- Secondary School (A 
  Levels)  

6 (12.0) 0 (0.0) 6 (18.2)  
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 Total 
Sample 
(n=50) 

Males 
(n=17) 

Females 
(n=33) 

 

 N (%) N (%) N (%) P value 

- Further Education (Tech.) 8 (16.0) 4 (23.5) 4 (12.1)  

- Undergraduate Degree 20 (40.0) 7 (41.2) 13 (39.4)  

- Postgraduate Degree 11 (22.0) 3 (17.6) 8 (24.2)  

Smoking Status    0.13 

- Never 28 (56.0) 7 (41.2) 21 (63.6)  

- Past 22 (44.0) 10 (59.8) 12 (36.4)  

- Current 0 (100.0) 0 (100.0) 0 (100.0)  

Alcohol Frequency    0.48** 
- Never or occasionally 21 (42.0) 6 (35.3) 15 (45.5)  

- Once or twice a week 15 (30.0) 4 (23.5) 11 (33.3)  

- Three to five times a 
week 

12 (24.0) 6 (35.3) 6 (18.2)  

- Six to seven times a 
week 

2 (4.0) 1 (5.9) 1 (3.0)  

Alcoholic units per week    0.23** 
- None 19 (38.0) 6 (35.3) 13 (39.4)  

- 1-10 25 (50.0) 7 (41.2) 18 (54.5)  

- 10-20 6 (12.0) 4 (23.5) 2 (6.1)  

Blood Pressure (mm/Hg) X
     

- Systolic 133.6 (17.0) 141.6 (151) 129.4 (16.6) 0.02 
- Diastolic 80.1 (10.0) 83.4 (9.1) 78.4 (10.2) 0.10 
Dental Status    0.05** 
- Fully dentate 7 (14.0) 1 (5.9) 6 (18.2)  

- Partially dentate without 
dentures 

26 (52.0) 6 (35.3) 20 (60.6)  

- Partially dentate with 
dentures 

15 (30.0) 9 (52.9) 6 (18.2)  

- Edentate with dentures 2 (4.0) 1 (5.9) 1 (3.0)  

- Edentate or no dentures 0 (0.0) 0 (0.0) 0 (0.0)  

Total OHIP14 Score X
 3.6 (7.8) 2.2 (2.5) 4.3 (9.4) 0.37 

- Range 0-46 0-9 0-46  

Supplements     

- Yes 18 (36.0) 7 (41.2) 11 (33.3) 0.58 
- No 32 (64.0) 10 (58.8) 22 (66.7)  

Supplement Categories     

- Calcium and Vitamin D3 15 (30.0) 3 (17.6) 12 (36.4) 0.17 
- Fish oils 12 (24.0) 5 (29.4) 7 (21.2) 0.73** 
- B vitamins 6 (12.0) 1 (5.9) 5 (15.2) 1.00** 
- Vitamin C 3 (6.0) 2 (11.8) 1 (3.0) 0.26** 
- Multivitamins 3 (6.0) 2 (11.8) 1 (3.0) 0.26** 
- Iron 1 (2.0) 0 (0.0) 1 (3.0) 1.00** 
- Other Y 18 (36.0) 8 (47.1) 10 (30.3) 0.55** 
Medical Conditions X 1.8 (1.5) 1.6 (1.5) 1.9 (1.5) 0.47 
- None 8 (16.0) 3 (17.6) 5 (15.2) 1.00** 
- Arthritis 16 (32.0) 5 (29.4) 11 (33.3) 0.78 
- Osteoporosis/osteopenia 11 (22.0) 0 (0.0) 11 (33.3) 0.009** 
- Type 2 diabetes 6 (12.0) 4 (23.5) 2 (6.1) 0.16** 
- High blood pressure 14 (28.0) 4 (23.5) 10 (30.3) 0.75** 
- High cholesterol 14 (28.0) 6 (35.3) 8 (24.2) 0.51** 
- History of cancer 6 (12.0) 2 (11.8) 4 (12.1) 1.00** 
- Depression 6 (12.0) 1 (5.9) 5 (15.2) 0.65** 
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 Total 
Sample 
(n=50) 

Males 
(n=17) 

Females 
(n=33) 

 

 N (%) N (%) N (%) P value 

- Asthma/COPD 6 (12.0) 2 (11.8) 4 (12.1) 1.00** 

- Pernicious/iron deficiency 
anaemia 

3 (6.0) 1 (5.9) 2 (6.1) 1.00** 

Medication X
 3.1 (3.1) 2.5 (3.0) 3.4 (3.0) 0.33 

- Yes 40 (80.0) 11 (64.7) 29 (87.9) 0.07** 
- No 10 (20.0) 6 (35.3) 4 (12.1)  

Special Diet     

- Coeliac Disease 2 (4.0) 1 (5.9) 1 (3.0) 1.00** 
- None 48 (96.0) 16 (94.1) 32 (97.0  

Breakfast consumers 
- 4 days of food diary 

 
44 (89.8) 

 
17 (100.0) 

 
27 (84.4) 

 
0.49** 

- <4 days of food diary 5 (10.2) 0 (0.0) 5 (15.6)  

Grip Strength (kg) X
     

- Left hand 24.6 (8.2) 32.8 (7.6) 20.4 (4.4) <0.001* 
- Right hand 26.7 (8.3) 34.5 (8.4) 22.7 (4.7) <0.001* 
- Overall 25.7 (7.9) 33.6 (7.7) 21.6 (4.0) <0.001* 
- >50th centile 18 (36.0) 4 (23.5) 14 (42.4)  

- <50th centile 32 (64.0) 13 (76.5) 19 (57.6) 0.19 
Walking Speed (m/s) X

 0.95 (0.2) 0.99 (0.2) 0.92 (0.2) 0.23 
- <0.8 cut-off 10 (20.0) 3 (17.6) 7 (21.2) 1.00 
- ≥0.8 cut-off 40 (80.0) 14 (82.4) 26 (78.8)  

Significance level set at p≤0.05. –No p value was able to be calculated as there was no participants in 

the groups. Y Categorical variables are given as frequencies and percentages and differences compared 

using chi-square tests X Continuous variables are given as means and SDs and means compared using 

independent t-tests Y Other supplements: Co-enzyme Q10, Evening Primrose oil, Glucosamine 

sulphate, Sea Buckthorn, Lepicol, Cascara, Milk Thistle, Juice Plus capsules, Magnesium citrate, 

Acidophilus (heart-burn), Nicotinamide, Dulcoease, Musselflex Green lipped mussel extract, Optibac 

probiotics, Red yeast complex, Garlic, and Organic turmeric, curcumin and black pepper. #Weight loss 

was 3.2kg ##Weight loss was 2.7kg *Levene statistic significant so equal variances not assumed 

**Fishers exact test used as cells had expected count less than 5, otherwise Pearson chi-square was 

used 

^MDS ranges from a ranking of 1 (most deprived area) to 5 (least deprived area) [395]. 

 

 
6.5.2 Dietary intake compared to dietary guidelines 

Table 6.3 shows the mean daily nutritional intakes in the total sample and 

according to gender and age group. In the total sample, the mean intake of 

energy, protein, carbohydrate, sodium (and salt), iron, and chloride were 

significantly higher in males compared to females. Compared to government 

recommendations as discussed in Chapter 1, energy, total fat, 

monounsaturated fat, polyunsaturated fat, carbohydrate, free sugars, vitamin 

D, fibre, potassium, magnesium, copper, selenium and iodine intake, were all 

below the recommendations in both genders and age groups. 
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Protein and saturated fat intake, vitamins A, B1, B2, B3, B6, B12, and 

phosphorus and chloride intake were above the recommendations in both 

genders and age groups. Sodium (and salt) intake was above the 

recommendation in males aged 65-74 years old, and zinc intake was above 

the recommendation in 65-74 year old females, while the intake of these 

nutrients was below the recommendation in the other three groups. Iron and 

calcium intake was below the recommendation in females aged over 75 years 

old, and vitamin C and folate intake were below the recommendations in males 

aged over 75 years old, while they were achieved by the other three groups. 
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Table 6.3 Mean (SD) daily nutritional intakes in the total sample and according to age group and gender in the DHAS (n=49) 

 
 Total Sample 

(n=49) 
Total Males 
(n=17) 

Total Females 
(n=32) 

 65-74 year olds  75+ year olds  

    P value#
 Males (n=13) Females (n=19) Males (n=4) Females (n=13) 

         

Macronutrients         

Energy (kcal) 1796.0 (468.9) 2055.5 (381.4) 1658.2 (457.0) 0.004 2054.5 (296.3) 1707.4 (507.2) 2058.6 (651.5) 1586.1 (379.8) 
Protein (g) 75.7 (16.4) 83.2 (12.7) 71.7 (16.9) 0.01** 85.4 (11.9) 71.5 (16.8) 76.0 (14.2) 72.1 (17.8) 
Total Fat (g) 71.6 (27.5) 79.6 (26.1) 67.5 (27.8) 0.16 76.7 (21.1) 70.1 (33.6) 87.0 (41.7) 63.9 (16.6) 
Saturated Fat (g) 27.2 (11.7) 30.5 (10.8) 25.5 (12.0) 0.16 29.7 (9.3) 26.6 (14.6) 33.0 (16.2) 23.8 (7.1) 
Monounsaturated fat (g) 21.7 (10.0) 24.0 (9.9) 20.4 (9.9) 0.23 23.7 (8.7) 22.4 (11.7) 25.1 (14.6) 17.5 (5.8) 
Polyunsaturated fat (g) 9.2 (4.5) 10.3 (5.1) 8.6 (4.1) 0.21 10.1 (4.7) 9.1 (4.8) 11.1 (7.0) 8.0 (2.9) 
Carbohydrate (g) 190.1 (50.9) 221.1 (46.4) 173.7 (45.7) 0.001 220.2 (44.8) 178.5 (48.7) 223.8 (58.7) 166.6 (41.8) 
Free Sugars (g) * 23.2 (16.6) 29.0 (18.6) 20.1 (14.8) 0.07 30.7 (20.8) 19.1 (15.5) 23.3 (7.9) 21.5 (14.2) 
Fibre (g) 20.5 (6.1) 20.6 (4.6) 20.5 (6.8) 0.98 20.9 (4.6) 21.0 (6.8) 19.6 (5.3) 19.9 (7.1) 

  Vitamins          

Thiamin (B1) (mg) 1.3 (0.4) 1.4 (0.3) 1.3 (0.4) 0.37** 1.3 (0.3) 1.3 (0.5) 1.4 (0.08) 1.2 (0.4) 
Riboflavin (B2) (mg) 1.6 (0.5) 1.7 (0.4) 1.5 (0.4) 0.10 1.8 (0.4) 1.6 (0.5) 1.5 (0.4) 1.4 (0.4) 
Niacin (B3) (mg) 29.0 (9.9) 33.2 (9.7) 26.8 (9.4) 0.03 34.5 (10.7) 26.2 (8.9) 29.2 (4.6) 27.6 (10.3) 
Pyridoxine (B6) (mg) 1.5 (0.5) 1.7 (0.5) 1.4 (0.5) 0.16 1. 8(0.6) 1.4 (0.6) 1.4 (0.1) 1.5 (0.4) 
Cobalamin (B12) (ug) 4.6 (2.2) 4.7 (1.6) 4.5 (2.5) 0.83 5.0 (1.6) 4.3 (2.0) 3.6 (1.2) 4.9 (3.2) 
Folate (B9) (ug) 237.2 (96.1) 235.7 (81.4) 237.9 (104.3) 0.94 252.6 (80.4) 242.5 (90.9) 180.9 (65.2) 231.2 (125.1) 
Vitamin C (mg) 98.7 (73.1) 76.4 (58.4) 110.5 (78.0) 0.12 88.1 (62.3) 120.3 (84.5) 38.6 (12.4) 96.2 (68.2) 
Vitamin A (ug) 860.6 (624.2) 789.3 (488.2) 898.4 (689.9) 0.57 839.9 (439.6) 624.7 (671.3) 868.0 (359.8) 942.9 (1015.8) 
Vitamin D (ug) 3.1 (1.7) 3.2 (1.9) 3.1 (1.6) 0.84 3.2 (1.6) 3.0 (1.4) 3.2 (2.8) 3.1 (1.8) 

  Minerals  
Sodium (g) 2.2 (0.8) 2.5 (0.6) 2.0 (0.9) 0.04 2.5 (0.6) 2.1 (0.9) 2.4 (0.7) 1.8 (0.9) 
Salt (g) 5.4 (2.1) 6.3 (1.4) 5.0 (2.2) 0.04 6.4 (1.4) 5.3 (2.2) 5.9 (1.7) 4.5 (2.3) 
Iron (mg) 9.7 (3.4) 11.4 (2.9) 8.8 (3.3) 0.01 11.5 (2.8) 9.5 (3.6) 10.8 (3.6) 7.9 (2.7) 
Zinc (mg) 7.4 (2.4) 8.0 (2.2) 7.1 (2.4) 0.24 8.1 (2.3) 7.5 (2.4) 7.5 (2.1) 6.5 (2.4) 
Potassium (mg) 2755.4 (702.8) 2839.4 (493.3) 2710.8 (795.8) 0.55 2936.1 (373.8) 2810.0 (771.6) 2525.2 (752.8) 2565.8 (839.4) 
Calcium (mg) 717.8 (200.5) 739.0 (158.1) 706.5 (221.3) 0.59 722.5 (161.4) 736.6 (249.3) 792.9 (155.3) 622.4 (172.3) 
Magnesium (mg) 255.3 (74.0) 275.1 (67.9) 244.8 (75.9) 0.18 283.1 (61.5) 250.0 (76.0) 249.2 (91.0) 237.3 (78.2) 
Phosphorus (mg) 1092.6 (286.9) 1173.7 (271.6) 1049.4 (289.5) 0.15 1174.0 (234.3) 1082.4 (307.4) 1173.0 (416.9) 1001.2 (265.6) 
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Chloride (mg) 3463.7 (1230.8) 3918.7 (780.1) 3222.0 (1363.0) 0.03** 4033.0 (771.0) 3491.8 (1317.5) 3547.3 (791.8) 2827.7 (1382.7) 
Copper (mg) 1.0 (0.4) 0.98 (0.28) 0.98 (0.39) 0.99 1.0 (0.2) 1.0 (0.4) 0.9 (0.5) 0.9 (0.4) 
Selenium (ug) 38.4 (13.8) 41.2 (11.3) 37.0 (14.9) 0.31 44.2 (10.7) 38.6 (15.4) 31.3 (7.5) 34.6 (14.2) 
Iodine (ug) 130.6 (50.6) 125.7 (5.2) 133.2 (49.3) 0.63 134.7 (59.2) 138.1 (49.9) 96.6 (11.7) 125.9 (49.5) 

Significance level set at p≤0.05. Continuous variables are presented as means and SDs #Independent t-test conducted for differences in gender in the overall sample **Levene statistic significant 

so equal variances not assumed *Free sugars are sugars added to foods and drinks by the manufacturer, cook or consumer, plus sugars naturally present in honey, syrups and fruit juice (does 

not include milk sugars) [396]. 
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Table 6.4 shows the frequency and percentage achieving energy, salt and fibre 

intake and macronutrients (including alcohol) as a percentage of energy intake. 

Energy requirement according to age and gender [396] showed that the 

majority (83.7%) of participants consumed either less than or equal to their 

energy requirement. As a percentage of energy intake, carbohydrate was 

below the 50% dietary reference value (DRV) (40%) and free sugars was 

below the 5% DRV (4.7%). Total fat was slightly higher than the 35% DRV 

(35.3%) and saturated fat was higher than the 11% DRV (13.3%). In the total 

sample, the guidelines were achieved for the mean fruit intake (2.46 

portions/day), but not for the mean vegetable intake (2.07 portions/day) (not 

shown in Table 6.4). Overall, the mean fruit and vegetable intake did not 

achieve the 5-a-day guideline (4.5 portions/day). 45% of the total sample failed 

to achieve the fibre guideline (30g per day). The mean protein intake as a 

percentage of energy intake was 17.3%. Of the total sample, 65.3% met the 

guideline for salt intake (6g per day), but a significantly greater number of 

females achieved this guideline. The mean alcohol intake as a percentage of 

energy intake was 4.8%. 
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Table 6.4 Frequency and percentage achieving energy, salt and fibre 

recommendations and macronutrients as a percentage of energy intake 

in the DHAS (n=49) 

 

 Total Sample 
(n=49) 

Males 
(n=17) 

Females 
(n=32) 

P 
value 

Energy intake (kcals) n (%) 
> energy requirement 8 (16.3) 2 (11.8) 6 (18.8) 0.70#

 

≤ energy requirement 41 (83.7) 15 (88.2) 26 (81.3)  

Carbohydrate (no more than 50%) 
% Mean (SD) 40.0 (5.9) 40.9 (7.4) 39.6 (4.9) 0.54** 
≤50% n (%) 45 (91.8) 15 (88.2) 30 (93.8)  

>50% n (%) 4 (8.2) 2 (11.8) 2 (6.3)  

Free sugars (no more than 5%) 
% Mean (SD) 4.7 (2.5) 5.1 (2.6) 4.4 (2.4) 0.34 
≤5% n (%) 29 (59.2) 10 (58.8) 19 (59.4)  

>5% n (%) 20 (40.8) 7 (41.2) 13 (40.6)  

Total fat (no more than 35%) 
% Mean (SD) 35.3 (5.2) 33.9 (5.3) 36.0 (5.0) 0.19 
≤35% n (%) 23 (46.9) 11 (64.7) 12 (37.5)  

>35% n (%) 26 (53.1) 6 (35.3) 20 (62.5)  

Saturated fat (no more than 11%) 
% Mean (SD) 13.3(2.8) 13.0(2.5) 13.5(2.9) 0.56 
≤11% n (%) 7 (14.0) 3 (17.6) 4 (12.1)  

>11% n (%) 42 (84.0) 14 (82.4) 28 (84.8)  

Protein intake     

% Mean (SD) 17.3 (3.2) 16.5 (2.7) 17.7 (3.4) 0.23 

Reference nutrient intake of protein (g/day/person) 
Higher n (%) 45 (91.8) 16 (94.1) 29 (90.6) 1.00 # 

Lower n (%) 4 (8.2) 1 (5.9) 3 (9.4)  

Salt intake (no more than 6g per day) n (%) 
≤6g 32 (65.3) 8 (47.1) 24 (75.0) 0.05 
>6g 17 (34.7) 9 (52.9) 8 (25.0)  

Fibre intake (30g per day) n (%) 
≥30g 4 (8.2) 0 (0.0) 4 (12.5) 0.28#

 

<30g 45 (91.8) 17 (100.0) 28 (87.5)  

Alcohol intake     

% Mean (SD) 4.8 (5.4) 6.1 (7.3) 4.1 (4.1) 0.32** 

Alcohol intake (14 units low risk) n (%) ##
 

≤14 units/week 32 (65.3) 10 (58.8) 22 (86.8) 0.49 
>14 units/week 17 (34.7) 7 (41.2) 10 (31.3)  

Significance level set at p≤0.05. Continuous variables are presented as means and SDs and 

independent t-tests conducted for significant differences in gender. Categorical variables are 

presented as frequencies and percentages and differences compared using chi-square tests. 

**Levene statistic significant so equal variances not assumed. #Expected cells than 5 so fisher’s exact 

test chosen. ##One unit equals 10ml or 8g of pure alcohol, which is around the amount of alcohol the 

average adult can process in an hour (https://www.nhs.uk/live- well/alcohol-support/calculating-

alcohol-units/ Accessed 26.9.19). 

https://www.nhs.uk/live-well/alcohol-support/calculating-alcohol-units/
https://www.nhs.uk/live-well/alcohol-support/calculating-alcohol-units/
https://www.nhs.uk/live-well/alcohol-support/calculating-alcohol-units/
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6.5.3 Body composition measurements 

 
Table 6.5 shows the mean body composition measurements in the total 

sample and according to gender. Total bone mass, lean muscle mass, fat free 

mass, and VAT were significantly higher in males, while fat mass and body fat 

percentage were significantly higher in females. This was also explored 

according to age group, and although not significantly different, the results 

appear to suggest that those aged 75+ years old have a lower bone mass, 

lean muscle mass and VAT, and higher fat mass and body fat percentage, 

compared to those aged 65-74 years old (data not shown). 

Table 6.5 Mean (SD) of body composition measurements in the total 

sample and according to gender in the DHAS (n=50) 

 

 Total Sample 
(n=50) 

Males 
(n=17) 

Females 
(n=33) 

 

Body composition 
measurements 

Mean (SD) Mean (SD) Mean (SD) P value 

Total bone mass 
(kg) 

2.3 (0.5) 2.8 (0.5) 2.0 (0.2) <0.001** 

Total lean muscle 
mass (kg) a 

42.6 (8.0) 52.1 (5.4) 37.7 (3.4) <0.001 

Total fat mass (kg) 26.0 (8.5) 22.4 (7.4) 27.8 (8.5) 0.03** 

Total fat free mass 
(kg) 

44.9 (8.4) 54.9 (5.6) 39.8 (3.5) <0.001 

Total body fat % b 36.3 (9.0) 28.4 (7.6) 40.3 (6.8) <0.001 

VAT mass (kg) 1.1 (0.7) 1.5 (0.8) 0.9 (0.6) 0.002 

VAT volume (cm3) 1172.3 (774.3) 1626.8 (847.0) 938.1 (626.9) 0.002 

BMI (kg/m2) 27.1 (4.3) 26.7 (2.7) 27.2 (4.9) 0.64** 

Significance level set at p≤0.05. Continuous variables presented as mean and SD. Independent t-test 

conducted for differences in gender and frailty status **Levene statistic significant so equal variances 

not assumed a In the total sample, the number of participants above (n=13) and below (n=37) the sex-

specific 50th centile for lean body mass (muscle) [397] b In the total sample the number of participants 

above (n=14) and below (n=36) the sex-specific 50th centile for body fat percentage [398] 

 

 
6.5.4 Frailty characteristics 

Table 6.6 shows the frequency and percentage of frailty phenotype 

characteristics and frailty status in the total sample and according to gender. 

Findings showed that significantly more males had a weak grip strength 

compared to females, while there was no significant difference in exhaustion 

between males and females. No participants exhibited three characteristics of 
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frailty, including: >10Ibs unintentional weight loss, slowness in walking time 

and low activity. In the total sample, no participants were classified as frail. 

Using the frailty five characteristics, 40% were classified as prefrail, and in 

frailty four, 32% were classified as prefrail. Both methods found that the 

presence of prefrailty was significantly different between males and females. 

Table 6.6 Frequency and percentage of frailty phenotype characteristics 

and frailty status in the total sample and according to gender in the DHAS 

(n=50) 

 

 Total 
sample 
(n=50) 

Males 
(n=17) 

Females 
(n=33) 

 

 N (%) N (%) N (%) P value 

Frailty characteristics     

- >10 Ibs weight lost 
unintentionally a 

0 (100.0) 0 (100.0) 0 (100.0) - 

- Weakness in grip strength b 16 (32.0) 9 (52.9) 7 (21.2) 0.02 

- Poor endurance; exhaustion c 9 (18.0) 2 (11.8) 7 (21.2) 0.70** 
- Slowness (walking time) d 0 (100.0) 0 (100.0) 0 (100.0) - 

- Low activity (kcals/week) e 0 (100.0) 0 (100.0) 0 (100.0) - 

Presence of frailty (frailty five) X
     

- Not frail 30 (60.0) 7 (41.2) 23 (69.7) 0.04##
 

- Intermediate or prefrail 20 (40.0) 10 (58.8) 10 (30.3)  

- Frail 0 (0.0) 0 (0.0) 0 (0.0)  

Presence of frailty (frailty four) Y
     

- Not frail 34 (68.0) 8 (47.1) 26 (78.8) 0.02 

- Intermediate or prefrail 16 (32.0) 9 (52.9) 7 (21.2)  

- Frail 0 (0.0) 0 (0.0) 0 (0.0)  

Significance level set at p≤0.05. Categorical variables are presented as frequencies and percentages 

and differences compared using chi-square tests **Fishers exact test used as cells had expected count 

less than 5, otherwise Pearson chi-square was used –No p value was able to be calculated as there was 

no difference in the groups. a Weight loss (kg) over last 3-6 months b Lowest 20% (by gender and body 

mass index) c One frailty score included a proxy question from the EQ-5D d Walking time for 3 metres 

(by gender and height) e kcals consumed per week (lowest 20%: <383 kcals/week for males and <270 

kcals/week for females) X presence of frailty based on the five characteristics Y presence of frailty based 

on the four characteristics (excludes exhaustion characteristic). 
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6.5.5 Activities of daily living 

Table 6.7 shows the frequency of daily activities that cause difficulty in the total 

sample and according to gender. In the total sample, the main difficulties for at 

least three months included: getting up from a chair after sitting for long periods 

(24%), climbing several flights of stairs (34%) and stooping, kneeling or 

crouching (34%). There were no significant differences between males and 

females. 

When daily activities was investigated according to frailty status (data not 

shown), the only significant difference was that prefrail older adults had 

significantly greater difficulty climbing several flights of stairs (p=0.01). This 

was explored further using frailty five in a logistic regression model, and it 

showed that compared to those who were not frail, the likelihood of having 

difficulty climbing several flights of stairs in those that were prefrail was, 

OR[95% CI; p value]: 4.9(1.4, 17.2; p=0.01). After adjustment for potential 

confounders (age, gender, BMI, walking speed, multiple deprivation score), the 

significant association remained, OR [95% CI; p value]: 6.94(1.2, 41.0; 

p=0.03). However, using frailty four the finding was non-significant (p=0.32). It 

was also noted that none of the participants in the study required any 

assistance with daily activities including: bathing or showering, dressing 

(including putting on shoes and socks), walking across a room, using the toilet, 

getting in and out of bed or a chair and eating. 
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Table 6.7 Frequency and percentage of activities of daily living in the total 

sample and according to gender in the DHAS (n=50) 

 

 Total sample 
(n=50) 

Males 
(n=17) 

Females 
(n=33) 

 

 N (%) N (%) N (%) P value 

Walking 100 metres     

No difficulty 48 (96.0) 17 (100.0) 31 (93.9) 0.54** 

Difficulty 2 (4.0) 0 (0.0) 2 (6.1)  

Sitting for about 2 hours 

No difficulty 48 (96.0) 16 (94.1) 32 (97.0) 1.00** 

Difficulty 2 (4.0) 1 (5.9) 1 (3.0)  

Getting up from a chair after sitting for long periods 

No difficulty 38 (76.0) 15 (88.2) 23 (69.7) 0.18** 

Difficulty 12 (24.0) 2 (11.8) 10 (30.3)  

Climbing several flights of stairs 

No difficulty 33 (66.0) 13 (76.5) 20 (60.6) 0.26 

Difficulty 17 (34.0) 4 (23.5) 13 (39.4)  

Climbing one flight of stairs without resting 

No difficulty 49 (98.0) 17 (100.0) 32 (97.0) 1.00** 

Difficulty 1 (2.0) 0 (0.0) 1 (3.0)  

Stooping, kneeling, or crouching 

No difficulty 33 (66.0) 13 (76.5) 20 (60.6) 0.26 

Difficulty 17 (34.0) 4 (23.5) 13 (39.4)  

Reaching or extending your arms above shoulder level 

No difficulty 48 (96.0) 17 (100.0) 31 (93.9) 0.54** 

Difficulty 2 (4.0) 0 (0.0) 2 (6.1)  

Pulling or pushing large objects like a living room chair 

No difficulty 45 (90.0) 17 (100.0) 28 (84.8) 0.15** 

Difficulty 5 (10.0) 0 (0.0) 5 (15.2)  

Picking up a small coin from a table 

No difficulty 49 (98.0) 17 (100.0) 32 (97.0) 1.00** 

Difficulty 1 (2.0) 0 (0.0) 1 (3.0)  

Lifting or carrying weights over 10 pounds/ 5 kilos, like a heavy shopping 
bag 

No difficulty 43 (86.0) 16 (94.1) 27 (81.8) 0.40** 

Difficulty 7 (14.0) 1 (5.9) 6 (18.2)  

Significance level set at p≤0.05. Categorical results presented as frequency and percentage and chi-

square test was used to look for signifcant differences. **Fishers exact test used as cells had 

expected count less than 5, otherwise Pearson chi-square was used. 
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6.5.6 Self-reported health and well-being 

Table 6.8 shows the frequency of participant’s self-reported health and 

wellbeing at the study visit. In the total sample, the majority of participants had 

no problems regarding, mobility, self-care, usual activities, pain or discomfort, 

and anxiety or depression, but 36% stated they were in slight pain or 

discomfort. There were no significant differences in these measures between 

males and females. The health score was higher in males but this was not 

significantly different to females. When self-reported health and well-being was 

investigated according to frailty status (data not shown), the only significant 

difference using frailty five was that more prefrail older adults stated they were 

anxious or depressed on the day of the study visit (p<0.001). This finding did 

not remain significant using frailty four (p=0.12). The health score was also not 

significantly different according to the frailty four or frailty five groups (p>0.05). 

Table 6.8 Frequency and percentage of self-reported EQ-5D health and 

wellbeing in the total sample and according to gender in the DHAS (n=50) 

 

 Total sample 
(n=50) 

Males 
(n=17) 

Females 
(n=33) 

 

 N (%) N (%) N (%) P value 

Mobility     

None 43 (86.0) 16 (94.1) 27 (81.8) 0.77#
 

Slight/moderate 7 (14.0) 1 (5.9) 6 (18.2)  

Self-care     

None 49 (98.0) 17 (100.0) 32 (97.0) 1.00#
 

Slight 1 (2.0) 0 (0.0) 1 (3.0)  

Usual activities     

None 47 (94.0) 17 (100.0) 30 (90.9) 0.70#
 

Slight/moderate 3 (6.0) 0 (0.0) 3 (9.1)  

Pain/Discomfort     

None 29 (58.0) 10 (58.8) 19 (57.6) 0.47#
 

Slight/moderate 20 (40.0) 6 (35.3) 14 (42.4)  

Severe 1 (2.0) 1 (5.9) 0 (0.0)  

Anxiety/Depression     

None 41 (82.0) 15 (88.2) 26 (78.8) 0.70#
 

Slightly 9 (18.0) 2 (11.8) 7 (21.2)  

Health Score (out of 100)* X 

 85.1 (12.9) 86.8 (14.8) 84.2 (12.0) 0.51 
Health Score Range 40-100 40-100 60-100  

Significance level set at p<0.05. Categorical results are presented as frequencies and percentages and significant 
differences compared using chi-square tests. X Continuous variables are given as means and SDs and compared 
using independent t-tests. *How good or bad health is on the day of the study visit, with 100 being the best health 
the individual could imagine. #Fishers exact test used as cells had expected count less than 5, otherwise Pearson 
chi-square was used. 
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6.5.7 Oral health status 

 
6.5.7.1 Chewing ability 

 
Table 6.9 shows the frequency of self-reported chewing ability and ability to 

eat certain foods, according to the total sample and oral health status. In the 

total sample, 98% stated that they had little or no difficulty in chewing food. 

There was no significant difference in chewing ability according to oral health 

status (p=0.28). In relation to the ability to eat certain foods in the total sample, 

some foods caused difficulty (percentage agreeing), including: crusty bread 

(14%), raw carrots (22%), apples (20%) and nuts (20%). This proved similar 

according to oral health status, with the partially dentate group without 

dentures, and the dentate group with dentures having the most difficulty, 

however these differences were not statistically significant (p>0.05). When oral 

health status and chewing ability was investigated according to gender, 

females chewing ability significantly differed to males (p=0.001), as did their 

ability to eat apples (p=0.006) (data not shown). 

6.5.7.2 Oral health related quality of life 

 
Table 6.10 shows the frequency and percentage of self-reported OHRQoL in 

the total sample and according to oral health status. In the total sample, the 

majority of participants had never experienced any OHRQoL problems. 38% 

said they hardly ever or occasionally experienced painful aching in the mouth 

and 34% said they hardly ever or occasionally found it uncomfortable to eat. 

In the total sample, the OHIP14 total score was relatively low (3.6), indicating 

that participants were generally happy with their oral health at present. The 

total OHIP14 score was significantly higher in those with edentate with 

dentures compared to each of the other oral health groups (p<0.001). There 

were statistically significant differences between the oral health status groups 

in three questions including: difficulty doing usual jobs, life in general less 

satisfying and totally unable to function. 
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Table 6.9 Frequency and percentage of self-reported chewing ability and ability to eat certain foods in the total sample and 

according to oral health status in the DHAS (n=50) 

 

 Total sample 
(n=50) 

Fully dentate 
with dentures 
(n=7) 

Partially dentate 
without 
dentures (n=26) 

Partially 
dentate with 
dentures 
(n=15) 

Edentate 
with 
dentures 
(n=2) 
N (%) 

 

 N (%) N (%) N (%) N (%) P value 

Chewing ability       

No difficulty 43 (86.0) 6 (85.7) 24 (92.3) 11 (73.3) 2 (100.0) 0.28 
Little difficulty 6 (12.0) 1 (14.3) 1 (3.8) 4 (26.7) 0 (0.0)  

Fair amount of difficulty 1 (2.0) 0 (0.0) 1 (3.8) 0 (0.0) 0 (0.0)  

Bread       

Easily 48 (96.0) 7 (100.0) 24 (92.3) 15 (100.0) 2 (100.0) 0.68** 
Some difficulty 2 (4.0) 0 (0.0) 2 (7.6) 0 (0.0) 0 (0.0)  

Crusty Bread       

Easily 41 (82.0) 7 (100.0) 20 (76.9) 12 (80.0) 2 (100.0) 0.95** 
Some difficulty 7 (14.0) 0 (0.0) 4 (15.4) 3 (20.0) 0 (0.0)  

Could not eat at all 1 (2.0) 0 (0.0) 1 (3.8) 0 (0.0) 0 (0.0)  

Not applicable 1 (2.0) 0 (0.0) 1 (3.8) 0 (0.0) 0 (0.0)  

Cheese       

Easily 50 (100.0) 7 (100.0) 26 (100.0) 15 (100.0) 2 (100.0) - 

Tomatoes       

Easily 49 (98.0) 6 (85.7) 26 (100.0) 15 (100.0) 2 (100.0) 0.18** 
Not applicable 1 (2.0) 1 (14.3) 0 (0.0) 0 (0.0) 0 (0.0)  

Raw carrots       

Easily 35 (70.0) 6 (85.7) 19 (73.1) 9 (60.0) 1 (50.0) 0.12** 
Some difficulty 11 (22.0) 0 (0.0) 5 (19.2) 6 (40.0) 0 (0.0)  



231  

 
 
 
 

 

Not applicable 4 (8.0) 1 (14.3) 2 (7.7) 0 (0.0) 1 (50.0)  

Cooked green vegetables 
Easily 49 (98.0) 7 (100.0) 25 (96.2) 15 (100.0) 2 (100.0) 1.00** 
Not applicable 1 (2.0) 0 (0.0) 1 (3.8) 0 (0.0) 0 (0.0)  

Lettuce       

Easily 47 (94.0) 7 (100.0) 24 (92.3) 14 (93.3) 2 (100.0) 0.61** 
Some difficulty 1 (2.0) 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0)  

Not applicable 2 (4.0) 0 (0.0) 2 (7.7) 0 (0.0) 0 (0.0)  

Sliced cooked meats       

Easily 49 (98.0) 7 (100.0) 26.0 (100.0) 14 (93.3) 2.0 (100.0) 0.48** 
Not applicable 1 (2.0) 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0)  

Apples       

Easily 39 (78.0) 6 (85.7) 23 (88.5) 8 (53.3) 2 (100.0) 0.13** 
Some difficulty 10 (20.0) 1 (14.3) 3 (11.5) 6 (40.0) 0 (0.0)  

Not applicable 1 (2.0) 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0)  

Oranges       

Easily 48 (96.0) 6 (85.7) 26 (100.0) 14 (93.3) 2 (100.0) 0.27** 
Not applicable 2 (4.0) 1 (14.3) 0 (0.0) 1 (6.7) 0 (0.0)  

Nuts       

Easily 39 (78.0) 6 (85.7) 22 (84.6) 9 (60.0) 2 (100.0) 0.44** 
Some difficulty 10 (20.0) 1 (14.3) 4 (15.4) 5 (33.3) 0 (0.0)  

Not applicable 1 (2.0) 0 (0.0) 0 (0.0) 1 (6.7) 0 (0.0)  

Significance level set at p≤0.05. Categorical results are presented as frequencies and percentages and signifcant differences compared using chi-square tests. 

**Fishers exact test used as cells had expected count less than 5, otherwise Pearson chi-square was used. – No p value could be calculated as all participants could easily eat 

cheese. 
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Table 6.10 Frequency and percentage of self-reported oral health related quality of life in the total sample and according to 

oral health status in the DHAS (n=50) 

 

 Total sample 
(n=50) 

Fully dentate 
without 
dentures (n=7) 

Partially dentate 
without 
dentures (n=26) 

Partially 
dentate with 
dentures 
(n=15) 

Edentate 
with 
dentures 

 

    (n=2) 
 N (%) N (%) N (%) N (%) N (%) P value 

Total OHIP14 score X 3.6 (7.8) 1.7 (2.1) 2.9 (5.9) 2.8 (3.8) 24.5 (30.4) <0.001a
 

Trouble pronouncing words       

Never 46 (92.0) 7 (100.0) 24 (92.3) 14 (93.3) 1 (50.0) 0.16##
 

Hardly ever/occasionally 3 (6.0) 0 (0.0) 2 (7.7) 1 (6.7) 0 (0.0)  

Fairly/very often 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0)  

Sense of taste has worsened       

Never 46 (96.0) 7 (100.0) 25 (96.2) 13 (86.7) 1 (50.0) 0.16##
 

Hardly ever/occasionally 4 (8.0) 0 (0.0) 1 (3.8) 2 (13.3) 1 (50.0)  

Fairly/very often 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  

Painful aching in mouth       

Never 29 (58.0) 4 (57.1) 14 (53.8) 11 (73.3) 0 (0.0) 0.39##
 

Hardly ever/occasionally 19 (38.0) 3 (42.9) 11 (42.3) 4 (26.7) 1 (50.0)  

Fairly/very often 2 (4.0) 0 (0.0) 1 (3.8) 0 (0.0) 1 (50.0)  

Self-conscious       

Never 39 (78.0) 7 (100.0) 21 (80.8) 10 (66.7) 1 (50.0) 0.18##
 

Hardly ever/occasionally 8 (16.0) 0 (0.0) 4 (15.4) 4 (26.7) 0 (0.0)  

Fairly/very often 3 (6.0) 0 (0.0) 1 (3.8) 1 (6.7) 1 (50.0)  

Uncomfortable to eat       

Never 31 (62.0) 4 (57.1) 19 (73.1) 8 (53.3) 0 (0.0) 0.09##
 

Hardly ever/occasionally 17 (34.0) 3 (42.9.) 6 (23.1) 7 (46.7) 1 (50.0)  
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Fairly/very often 2 (4.0) 0 (0.0) 1 (3.8) 0 (0.0) 1 (50.0)  

Felt tense       

Never 42 (84.0) 6 (85.7) 22 (84.6) 13 (86.7) 1 (50.0) 0.10##
 

Hardly ever/occasionally 6 (12.0) 1 (14.3) 3 (11.5) 2 (13.3) 0 (0.0)  

Fairly/very often 2 (4.0) 0 (0.0) 1 (3.8) 0 (0.0) 1 (50.0)  

Unsatisfactory diet       

Never 44 (88.0) 6 (85.7) 23 (88.5) 14 (93.3) 1 (50.0) 0.23##
 

Hardly ever/occasionally 5 (10.0) 1 (14.3) 3 (11.5) 1 (6.7) 0 (0.0)  

Fairly/very often 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0)  

Interrupt meals       

Never 46 (92.0) 7 (100.0) 24 (92.3) 14 (93.3) 1 (50.0) 0.24##
 

Hardly ever/occasionally 3 (6.0) 0 (0.0) 2 (7.7) 1 (6.7) 0 (0.0)  

Fairly/very often 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0)  

Difficult to relax       

Never 43 (86.0) 6 (85.7) 22 (84.6) 13 (86.7) 2 (100.0) 0.88##
 

Hardly ever/occasionally 6 (12.0) 1 (14.3) 3 (11.5) 2 (13.3) 0 (0.0)  

Fairly/very often 1 (2.0) 0 (0.0) 1 (3.8) 0 (0.0) 0 (0.0)  

Embarrassed       

Never 42 (84.0) 7 (100.0) 21 (80.0) 13 (86.7) 1 (50.0) 0.26##
 

Hardly ever/occasionally 6 (12.0) 0 (0.0) 4 (15.4) 2 (13,3) 0 (0.0)  

Fairly/very often 2 (4.0) 0 (0.0) 1 (3.8) 0 (0.0) 1 (50.0)  

Irritable       

Never 46 (92.0) 7 (100.0) 23 (88.5) 15 (100.0) 1 (50.0) 0.06##
 

Hardly ever/occasionally 3 (6.0) 0 (0.0) 3 (11.5) 0 (0.0) 0 (0.0)  

Fairly/very often 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0)  

Difficulty doing usual jobs       

Never 49 (98.0) 7 (100.0) 26 (100.0) 15 (100.0) 1 (50.0) 0.04##
 

Hardly ever/occasionally 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  

Fairly/very often 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0)  
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Life in general less satisfying 
Never 44 (88.0) 6 (85.7) 25 (96.2) 12 (80.0) 1 (50.0) 0.02##

 

Hardly ever/occasionally 4 (8.0) 1 (14.3) 0 (0.0) 3 (20.0) 0 (0.0)  

Fairly/very often 2 (4.0) 0 (0.0) 1 (3.8) 0 (0.0) 1 (50.0)  

Totally unable to function       

Never 49 (98.0) 7 (100.0) 26 (100.0) 15 (100.0) 1 (50.0) 0.04##
 

Hardly ever/occasionally 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  

Fairly/very often 1 (2.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (50.0)  

Significance level set at p≤0.05. Categorical results are presented as frequencies and percentages and significant differences compared using chi-square tests. X Continuous 

results presented as means and SDs and ANOVA conducted for significant differences where superscripts represent; a, significant difference between those with edentate with 

dentures compared to each of the other 3 oral health groups using LSD post-hoc tests . **Fishers exact test used as cells had expected count less than 5, otherwise Pearson chi-

square was used. 
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6.5.8 Association between oral health and dietary patterns 

 
Table 6.11 shows the mean MDS and DDS and categories of MDS and DDS 

in the total sample and according to oral health status. In the total sample, the 

mean MDS using recommendations was 4.4 and 5.8 using medians, and the 

mean DDS was 8.2. There were 20.4% with a high adherence to the MD using 

recommendation cut-offs, and 18.4% using the median cut-offs, and only 4.1% 

had a high dietary diversity. Significant moderate positive correlations existed 

between DDS and both MDS using recommendations (r=0.41, p=0.004) and 

median cut-offs (r=0.42, p=0.003), and the MDS using medians was strongly 

positively correlated with MDS using recommendations (r=0.81, p<0.001). 

According to oral health status, the majority of fully dentate older adults had a 

moderate dietary diversity and a moderate adherence to the MD using 

recommendations, while both low and moderate adherence was highest using 

the medians. However, MD adherence or dietary diversity did not differ 

significantly according to oral health status. Adherence to the MD did not differ 

significantly according to gender using recommendation cut-offs (p=0.19) or 

median cut-offs (p=0.84) or for DDS (p=0.38) (data not shown). 

6.5.9 Association between frailty status and dietary patterns 

 
Table 6.11 also shows the mean MDS and DDS and categories of MDS and 

DDS according to frailty status. According to frailty status, 20.7% were not frail 

with a high MD adherence using recommendation cut-offs and 17.2% were not 

frail with a high MD adherence using the median cut-offs and 6.9% were not 

frail with a high diet diversity. However, MD adherence or dietary diversity did 

not differ significantly according to the use of frailty four or frailty five. This was 

explored further in a logistic regression and it showed that compared to those 

with a high MD adherence, the likelihood of the low MD adherence group being 

prefrail was OR [95% CI; p value]: 1.38[0.31, 6.2; p=0.68]. 
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Table 6.11 Frequency and percentage of dietary patterns in the total sample and according to oral health status and frailty status 

in the DHAS (n=49) 

   Oral Health Status   Frailty Status *  

 Total 
sample 
(n=49) 

Fully 
dentate 
without 
dentures 
(n=7) 

Partially 
dentate 
without 
dentures 
(n=25) 

Partially 
dentate with 
dentures 
(n=15) 

Edentate 
with 
dentures 
(n=2) 

 Prefrail 
(n=20) 

Not Frail 
(n=29) 

 

 N (%) N (%) N (%) N (%) N (%) P value N (%) N (%) P value 

MD Recommendations          

MDS Mean (SD) X 4.4 (1.4) 4.6 (0.5) 4.3 (1.5) 4.7 (1.5) 4.0 (2.8) 0.77 4.4 (1.5) 4.6 (1.5) 0.70 

Low MD adherence (1-4) 23 (46.9) 3 (42.9) 15 (60.0) 4 (26.7) 1 (50.0)  11 (55.0) 12 (41.4)  

Moderate MD adherence (5) 16 (32.7) 4 (57.1) 5 (20.0) 7 (46.7) 0 (0.0) 
0.13##

 

5 (25.0) 11 (37.9) 
0.52##

 
High MD adherence (6-8) 10 (20.4) 0 (0.0) 5 (20.0) 4 (26.7) 1 (50.0) 4 (20.0) 6 (20.7) 

MD Medians          

MDS Mean (SD) X 5.8 (2.0) 5.9 (1.3) 5.4 (1.9) 6.4 (2.1) 5.5 (4.9) 0.47 6.1 (2.0) 5.7 (2.0) 0.48 

Low MD adherence (1-5) 22 (44.9) 3 (42.9) 15 (60.0) 3 (20.0) 1 (50.0)  7 (35.0) 15 (51.7)  

Moderate MD adherence (6-7) 18 (36.7) 3 (42.9) 8 (32.0) 7 (46.7) 0 (0.0)  9 (45.0) 9 (31.0)  

High MD adherence (8-10) 9 (18.4) 1 (14.3) 2 (8.0) 5 (33.3) 1 (50.0) 0.10##
 4 (20.0) 5 (17.2) 0.52##

 

Dietary diversity score          

DDS Mean (SD) X 8.2 (1.1) 8.4 (1.1) 8.3 (1.0) 8.2 (1.1) 7.5 (2.1) 0.77 8.2 (1.1) 8.3 (1.1) 0.81 

Low diversity (6-8) 23 (46.9) 2 (28.6) 14 (56.0) 6 (40.0) 1 (50.0)  9 (45.0) 14 (48.3)  

Moderate diversity (9) 24 (49.0) 5 (71.4) 9 (36.0) 9 (60.0) 1 (50.0)  11 (55.0) 13 (44.8)  

High diversity (10) 2 (4.1) 0 (0.0) 2 (8.0) 0 (0.0) 0 (0.0) 0.55##
 0 (0.0) 2 (6.9) 0.62##

 

Significance level set at p≤0.05. Categorical results presented as frequencies and percentages and significant differences compared using chi-square tests. X Continuous variables presented 

as mean and SD, where ANOVA conducted to test for significant differences between oral health status groups, and independent t-test conducted to test for significant differences 

between frailty status groups *Frailty five. ##Fishers exact test used as cells had expected count less than 5, otherwise Pearson chi-square was used. 
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6.5.10 Association between oral health and frailty status 

Table 6.12 shows the frequency and percentage of frailty status according to 

oral health status. The presence of prefrailty did not differ significantly 

according to oral health status. However, a greater proportion were 

categorised as prefrail in those with less natural teeth (i.e. partially dentate with 

dentures 53.5% and partially dentate without dentures 38.5%) compared to 

those who were fully dentate (28.6%). This was explored further in a logistic 

regression and it showed that, compared to those who were fully dentate, the 

likelihood of the partially dentate group without dentures being prefrail was OR 

[95% CI; p value]: 1.56[0.25, 9.65; p=0.63] and the likelihood of the dentate 

group with dentures being prefrail was OR [95% CI; p value]: 2.86[0.42, 19.6; 

p=0.20]. Other data not shown found no significant difference in OHIP14 or 

self-reported chewing ability between those classified as prefrail or not frail, 

using frailty five (p=0.82 and p=0.12, respectively) and frailty four (p=0.85 and 

p=0.58, respectively). There was no significant difference in the self-reported 

ability to eat the stated foods, between those classified as prefrail or not frail, 

with the use of either frailty five or frailty four groups. 

6.5.11 Association between oral health and body composition 

 
Table 6.13 shows the mean body composition measurements according to oral 

health status. Total bone mass (p=0.03), fat-free mass (p=0.02) and lean 

muscle mass (p=0.02) were significantly higher in those who were partially 

dentate with dentures, compared to those who were partially dentate without 

dentures. Fat free mass and lean muscle mass (both p<0.05) were also 

significantly higher in those who were partially dentate with dentures compared 

to those who were fully partially dentate without dentures. 

6.5.12 Association between body composition and dietary patterns 

 
Table 6.14 shows the mean body composition measurements according to 

adherence to the MD and DDS. No significant differences were observed 

between adherence to the MD using the MDS median cut-offs or using the 

dietary recommendation cut-offs or with DDS (p>0.05). 
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Table 6.12 Frequency and percentage of frailty status according to oral health status in the DHAS (n=50) 

 Fully dentate 
without dentures 
(n=7) 

Partially dentate 
without dentures 
(n=26) 

Partially 
dentate with 
dentures 
(n=15) 

Edentate with 
dentures 
(n=2) 

 N (%) N (%) N (%) N (%) P value 

Presence of frailty X      

Not frail 5 (71.4) 16 (61.5) 7 (46.7) 2 (100.0) 0.55**
 

Intermediate or prefrail 2 (28.6) 10 (38.5) 8 (53.3) 0 (0.0)  

Frail 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  

Presence of frailty Y      

Not frail 5 (71.4) 20 (76.9) 7 (46.7) 2 (100.0) 0.21**
 

Intermediate or prefrail 2 (28.6) 6 (23.1) 8 (53.3) 0 (0.0)  

Frail 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)  

Significance level set at p≤0.05. Categorical results are presented as frequencies and percentages and signifcant differences compared using chi-square tests. **Fishers 

exact test used as cells had expected count less than 5, otherwise Pearson chi-square was used. X Presence of frailty based on the five characteristics (frailty five) Y 

Presence of frailty based on the four characteristics (frailty four). 
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Table 6.13 Mean (SD) of body composition measurements according to oral health status in the DHAS (n=50) 

 
 Fully dentate 

without dentures 

(n=7) 

Partially dentate 

without dentures 

(n=26) 

Partially 

dentate with 

dentures (n=15) 

Edentate with 

dentures 

(n=2) 

 

Body composition components Mean (SD) Mean (SD) Mean (SD) Mean (SD) P value 

Total bone mass (kg) 2.2 (0.3) 2.2 (0.4) 2.5 (0.6) 2.5 (0.6) 0.03b
 

Total lean muscle mass (kg) 39.6 (5.4) 40.7 (7.0) 46.7 (9.4) 47.4 (8.9) <0.05a,b
 

Total fat mass (kg) 28.2 (9.4) 25.2 (8.6) 26.3 (8.7) 25.4 (0.6) >0.05 

Total fat free mass (kg) 41.8 (5.6) 42.9 (7.3) 49.2 (9.9) 49.9 (9.4) <0.05a,b
 

Total body fat % 39.6 (8.5) 36.5 (8.8) 34.6 (10.2) 26.0 (0.6) >0.05 

VAT mass (kg) 1.1 (0.5) 0.9 (0.6) 1.3 (1.0) 1.4 (0.03) >0.05 

VAT volume (cm3) 1170.4 (482.0) 998.7 (683.8) 1429.6 (1010.4) 1504.8 (32.4) >0.05 

BMI (kg/m2) 28.1 (5.5) 26.5 (4.4) 27.7 (3.7) 25.9 (3.5) >0.05 

Significance level set at p≤0.05. Continuous variables presented as mean and SD and ANOVA used to compare means. LSD post-hoc tests conducted for differences in 

oral health status where superscripts represent: a significant difference between fully dentate without dentures compared to partially dentate with dentures, b partially 

dentate without dentures compared to partially dentate with dentures. 
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Table 6.14 Mean (SD) of body composition measurements according to dietary patterns in the DHAS (n=49) 
 

MDS(M) Adherence MDS(R) Adherence  DDS  

Body composition 

measurements 

Low 

(n=22) 

Moderate 

(n=18) 

High 

(n=9) 

Low 

(n=23) 

Moderate 

(n=16) 

High 

(n=10) 

Low 

(n=23) 

Moderate 

(n=24) 

High 

(n=2) 

Total bone mass (kg) 2.2 (0.4) 2.3 (0.5) 2.5 (0.6) 2.4 (0.5) 2.2 (0.4) 2.3 (0.6) 2.3 (0.4) 2.3 (0.5) 1.9 (0.02) 

Total lean muscle mass (kg) 41.2 (7.6) 44.1 (8.6) 43.7 (8.2) 43.0 (8.4) 42.9 (8.1) 41.9 (7.9) 43.4 (8.4) 42.5 (8.0) 37.5 (1.7) 

Total fat mass (kg) 24.1 (8.7) 26.6 (27.9) 27.9 (7.2) 25.5 (9.4) 24.5 (7.4) 28.2 (7.4) 25.7 (8.1) 25.8 (8.7) 24.6 (11.6) 

Total fat free mass (kg) 43.4 (8.0) 46.4 (9.1) 46.2 (8.7) 45.3 (8.8) 45.1 (8.5) 44.2 (8.5) 35.7 (8.1) 36.2 (9.8) 37.4 (10.4) 

Total body fat (%) 35.2 (8.5) 36.2 (9.9) 37.7 (8.6) 35.5 (9.6) 35.0 (7.6) 39.0 (9.3) 35.7 (8.1) 36.2 (9.8) 37.4 (10.4) 

VAT (kg) 1.0 (0.8) 1.2 (0.7) 1.2 (0.7) 1.2 (0.8) 0.9 (0.8) 1.1 (0.6) 1.3 (0.8) 1.0 (0.6) 0.5 (0.1) 

BMI (kg/m2) 26.0 (4.1) 27.6 (4.3) 27.7 (3.8) 27.2 (4.6) 26.3 (3.8) 27.2 (3.9) 26.8 (4.0) 27.1 (4.4) 25.7 (4.4) 

Significance level set at p≤0.05. Continuous variables presented as mean and SD, where ANOVA conducted to test for differences in the MDS and DDS between oral health status 

groups. LSD post-hoc tests to look for any significant difference between adherences to MD or DDS. 



241
0 

 

6.6 DISCUSSION 

 
This study aimed to explore different associations between oral health status, 

dietary patterns, body composition, frailty and health in a cross-sectional pilot 

study of Northern Irish older adults. This was an exploratory analysis so the 

results may be used to guide analyses in larger datasets. This study was, 

however, originally designed to provide estimates and a power calculation for 

a future Mediterranean dietary intervention in older adults. This current study 

differed to the secondary data analysis carried out in Chapter 5 in relation to 

oral health and diet, as this current chapter used a four-day food diary, which 

overcomes the major caveat of recall bias using a FFQ. This current study 

provided detailed body composition data using the DXA scan in addition to 

BMI, which were able to be explored in relation to oral health status. However, 

the secondary data analysis in Chapter 5 was only able to compare BMI 

according to oral health status and adjust for it in the analysis. Data on other 

health outcomes (e.g. frailty, ADL) were able to be explored in relation to oral 

health status, whereas this was not possible in Chapter 5 as the data were not 

collected. However, this current study had a small sample size and did not 

involve a full oral health examination, unlike the PRIME study in Chapter 5 and 

is, therefore, based on self-reported answers to oral health questionnaires. 

The current study found that adherence to the MD and dietary diversity, did not 

differ significantly according to oral health status. These findings do not 

correspond to the majority of literature discussed in Chapter 5, as well as the 

analysis in Chapter 5 as those with a greater number of natural teeth had a 

higher mean MDS and DDS. The results may differ as the analysis in Chapter 

5 involved a larger sample size (n=1096) of older adults, compared to 50 older 

adults in the current study. Oral health data were based on a clinical 

examination by dental professionals, so this provided detailed information on 

participant’s number of teeth and location of dentures, compared to the self- 

reported answers in the oral health questionnaires in the current study. The 

MDS was calculated from dietary data collected in a FFQ which consisted of 

eight food groups in Chapter 5, rather than 14 groups in the current study. 
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The participant’s self-reported ability to eat different foods did not differ 

significantly according to oral health status, despite some participants stating 

they had difficulty when eating: crusty bread (14%), raw carrots (22%), apples 

(20%) and nuts (20%). Edentate participants with dentures self-reported that 

they could easily eat the stated foods. However, this was only based on two 

participants and so this result may differ in a larger sample of denture wearers. 

This questionnaire on ability to eat certain foods was not included in Chapter 

5, but the findings were similar, as fruit, vegetables and nuts were the three 

food groups with a lower future dietary intake in those with less than 21 teeth 

and those edentate with dentures. In relation to oral health status and 

OHRQoL, the total OHIP14 score was significantly higher (i.e. worse OHRQoL) 

in those participants who were edentate with dentures, compared to the other 

three oral health status groups. This suggests that, despite being able to eat 

the stated foods, being edentate with dentures may be associated with other 

issues that can affect an older person’s quality of life (e.g. embarrassment 

associated with dentures). However, evidence amongst older adults in Taiwan 

demonstrated that when dentures fit correctly it can result in the highest level 

of oral health related well-being [399]. In the current study, denture quality was 

not assessed, so no conclusions can be made regarding the quality of 

dentures. 

The use of the frailty phenotype in this current study did not identify any older 

adults as frail, but 40% were classified as prefrail using the frailty five group. 

As there is no cure for frailty, the focus is on the prevention of frailty and 

transition to frailty in a prefrail population, as this may prove easier than 

reversing frailty itself [98]. A bidirectional relationship may exist between oral 

health status and frailty [362]. This current study found that frailty status (using 

either frailty four or frailty five) did not differ significantly according to oral health 

status, in terms of the presence of teeth and/or dentures, self-reported chewing 

ability, pain in mouth, and the total OHIP14 score. The non-significant results 

may be due to the small sample size in the pilot study, recruitment of generally 

healthy free-living volunteers, and low overall OHIP14 score (3.6) which 

suggests that participants were generally happy with their OHRQoL and 98% 

self-reported little or no difficulty in chewing food. 
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Therefore, the current study does not support the limited number of cross- 

sectional studies, which found that self-reported oral pain and chewing 

impairment [400], as well as having fewer natural teeth [401] was associated 

with a greater risk of frailty amongst community-dwelling older adults. Poor 

self-reported oral health in geriatric inpatients was independently associated 

with frailty, after adjusting for nutritional status and co-morbidities [369]. Similar 

findings were observed despite the studies being conducted in different 

countries using different methods to determine frailty including: Fried’s 

phenotype in Switzerland [400], Reported Edmonton Assessment Index in 

Australia [369] and the Kihon Checklist in Japan [401]. These cross-sectional 

studies correspond to a recent review of longitudinal studies which suggested 

oral health as a predictor of frailty in older adults [362]. Therefore, the findings 

suggest it may be important to include oral health within the assessment of 

frailty. Furthermore, dentists may play a vital role in helping to identify those at 

risk of frailty and improve their oral health status and, subsequently, nutritional 

intake. 

The MD pattern has been shown to have the strongest evidence for an 

association with frailty. However, this current study did not find that a 

significantly higher MDS or greater MD adherence in those classified as prefrail 

or not frail. Despite non-significant findings, more participants with a higher MD 

adherence were not frail (n=6, 20.7%) compared to prefrail (n=4, 20%). The 

non-significant finding differs to cross-sectional evidence amongst females 

aged 18-79 years old, as they demonstrated that a higher adherence to the 

MD was positively associated with muscle outcomes such as, fat-free mass, 

suggesting that the consumption of a MD may prevent age-related muscle loss 

and, subsequently, frailty [365]. However, in that study they used a FFQ to 

assess dietary intake and adherence to the MD was calculated using nine food 

items [365]. Furthermore, the current study findings do not support a recent 

systematic review of six prospective cohort studies in community- dwelling 

older adults, as a significantly lower risk of incident frailty was associated with 

a greater adherence to the MD in a meta-analysis of four studies [28]. 
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Ageing is associated with changes in body composition, as lean muscle mass 

generally decreases and body fat increases [10], and this may contribute to 

frailty [97]. The current study found that body composition did not differ 

significantly according to adherence to the MD or DDS. This finding supports 

limited evidence from a RCT of older adults, as total body fat percentage did 

not differ significantly to the intervention group consuming the MD [372]. As 

few studies have been published in relation to older adults, results can only be 

compared to younger age groups. The current study does not agree with these 

results, as cross-sectional evidence found that adherence to the MD was 

associated with a reduced BMI, waist circumference and fat mass [373], lower 

total and regional adiposity [375], and decreased BMI, visceral fat and fat mass 

and increased levels of fat-free mass [374]. Different results may be due to 

different age ranges and the small sample size in the current study, which may 

not have been large enough to detect statistically significant results. 

There is limited evidence in relation to body composition and oral health status. 

This current study found significantly higher total bone mass, fat-free mass and 

lean muscle mass in those who were partially dentate with dentures, compared to 

those who were partially dentate without dentures. However, participants who 

were partially dentate with dentures may have been generally healthier. As the 

exact number of natural teeth was unknown, it was difficult to compare these 

two groups in terms of greater tooth loss. This should be explored further using 

an oral health examination to determine exact numbers of teeth, as this finding 

is based on subjective measures and could have occurred by chance. Previous 

evidence found that older adults who were edentate [370] or had experienced 

some tooth loss [371] was associated with inadequate levels of body fat (i.e. 

underweight or overweight/obese) using bioelectrical impedance [370] and 

detrimental changes in anthropometric measurements (e.g. weight, height, 

waist circumference, skinfold thickness) [371]. Both of these studies assessed 

oral health in a clinical examination [370,371], whereas the current study 

assessed oral health status using a self-reported questionnaire. 
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6.6.1 Strengths and limitations 

 
Strengths of this study included the recruitment of a range of older adults aged 

from 65 to 81 years old, from different socio-economic areas in NI. The findings 

are generalizable to other healthy community-dwelling older adults. Objective 

data were gathered using a DXA scan which is well-accepted for measuring 

body composition [402]. The use of a four-day food diary provided detailed 

dietary intake in relation to their usual diet, in comparison to the FFQ used in 

Chapter 5. The food diary did not require an interviewer during the completion 

and it is not subject to recall bias [110]. Fried’s phenotype for frailty is one of 

the most known operational definitions of frailty in older people, it does not 

require a full medical assessment, it is easy to administer and has pre- 

specified criteria [403]. The use of Nutritics to calculate nutrient intake was 

based on the latest version of the McCance and Widdowson’s food 

composition tables. 

There were, however, limitations to this study that must be acknowledged. This 

study was cross-sectional so findings cannot confirm any cause and effect 

relationships between oral health status, dietary patterns, nutritional status and 

frailty. This design will also have not allowed the detection of associations 

between previous dietary intake, which is what may be important, and frailty 

status and body composition. This study was not specifically designed to 

explore the specific research question, as it was originally designed to provide 

estimates and a power calculation for a future Mediterranean dietary 

intervention in older adults. Therefore, this analysis was considered 

exploratory and may be used to guide analyses in larger datasets. This current 

study had a small sample size (n=50) and so it is likely to have been 

underpowered to detect significant results, whereas in Chapter 5 the study 

sample size was larger (n=1096). Therefore, the small numbers overall may 

have meant that some statistical comparisons, particularly between a large 

number of groups (i.e. oral health status), lack power and should be considered 

exploratory in nature. The use of multiple comparisons may have resulted in 

statistically significant findings being found due to chance. 
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Oral health status was self-reported rather than a clinical examination. The 

completion of a food diary is subject to limitations as previously mentioned in 

Chapter 1 [110]. For example, under-reporting may have occurred as 

participants may have felt conscious and not reported any unhealthy foods that 

they consumed (e.g. salt) or they may have stated smaller portion sizes than 

was actually consumed. Some foods consumed were not available in the 

Nutritics system, and therefore a similar item was chosen. Participants were 

generally healthy volunteers who were motivated to take part in research, and 

this may also explain the non-significant results. This means that the findings 

may not be generalizable to older adults in hospital or living in residential/care 

homes. More females took part in the study so the results may be biased 

towards them (66%). No information on PA was collected and this may be of 

importance in relation to body composition and frailty and should be explored 

further. Fried’s frailty phenotype criteria does have limitations, as proxy 

questions were chosen in the current study. To overcome this limitation, two 

methods were carried out to include (frailty five) and exclude the exhaustion 

question (frailty four). It does also not include cognitive impairment and may 

be difficult to interpret in disabled individuals [97]. However, an alternative 

option of the frailty index was not possible, as the information was not available 

for all 70 items in the clinical evaluation [404]. 

6.7 CONCLUSION 

 
To conclude, this exploratory analysis did not find any significant associations 

between oral health status, self-reported chewing ability and OHRQoL and 

adherence to the MD or greater dietary diversity. The presence of prefrailty did 

not differ significantly according to oral health status. Adherence to the MD or 

greater dietary diversity did not differ significantly according to frailty status. 

Body composition did not differ significantly according to a greater MD 

adherence or greater dietary diversity. However, body composition, in terms of 

total bone mass, fat free mass and lean muscle, was significantly higher in 

those who were partially dentate with dentures, compared to those who were 

partially dentate without dentures. This finding would need to be explored 

further with an objective assessment of oral health (i.e. dental examination). 



247  

These non-significant findings may be due to the study being underpowered 

to detect statistically significant results, or findings may have occurred due to 

chance from multiple comparisons. Despite limited accumulating evidence, it 

suggests that encouraging the consumption of a MD and having better oral 

health status may help to prevent or delay the onset of frailty in older adults. 

Further research is required to investigate the associations between oral health 

status, dietary patterns, body composition and health outcomes in healthy and 

prefrail/frail older adults living in the community and in residential/care homes. 
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CHAPTER 7 

OVERALL DISCUSSION AND 

CONCLUSION 



249  

7.1 SUMMARY OF THESIS FINDINGS 

This thesis investigated the association between oral health, dietary intake, 

saliva and nutritional status. This section provides a summary of results and 

conclusions, implications of the findings and suggestions for future work, 

according to each aim and the objectives addressed for each aim. 

 
7.1.1 AIM ONE: To explore the utility of saliva as a biological matrix in the 

measurement of biomarkers of nutritional status and/or dietary intake 

 
Objectives: 

 To systematically review existing studies in participants of all ages 

which had nutrient(s) measured in whole saliva and/or gland specific or 

glandular saliva, in relation to a nutritional status and/or dietary intake 

outcome (Chapter 2) 

 To explore whether kits developed for serum could be used to measure 

levels of the same nutritional biomarkers in saliva samples in a Northern 

Irish population (Chapter 3) 

 
Currently, the use of blood to assess systemic health and support traditional 

dietary assessment methods is the routinely used biological matrix to assess 

a range of biomarkers. This objective assessment does have its limitations, as 

discussed in Chapter 1, as the collection of a blood sample is invasive, can 

cause discomfort, induce anxiety, and there is a risk of infection [121]. There 

is a need within the healthcare system for a non-invasive, timely and cost- 

effective method to provide a biological sample which could help assess 

nutritional status [108,122] and support traditional dietary assessment 

methods. Saliva has been suggested as a potential biological fluid, and this is 

an advancing area of research in relation to disease diagnosis and clinical 

monitoring [147,154]. The potential use of saliva in relation to oral and systemic 

health has been demonstrated in a recent systematic review [124] and 

narrative literature reviews [128,149,158–160], as various salivary biomarkers 

have been observed to be altered in response to various disease states. Saliva 

has also been suggested to reflect the physiological state of the body, including 

nutritional and metabolic status [156]. It is thought that nutritional deficiencies 
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may affect salivary function and composition [123]. However, very limited and 

inconsistent evidence exists regarding the link between saliva, nutritional 

status and dietary intake. 

 
Chapter 2 focused on systematically reviewing the existing literature in relation 

to salivary biomarkers of nutritional status and/or dietary intake. There were 64 

papers identified, with 49 in relation to different nutritional states, and 15 in 

relation to dietary intake. A number of potential nutritional salivary biomarkers 

were identified, primarily in whole saliva collected from different age groups. 

The larger evidence base for whole saliva was expected, as the collection of 

whole saliva, as described in Chapter 1, is deemed easier than glandular- 

specific saliva. The strongest evidence, although still inconclusive and 

inconsistent in terms of the direction of the biomarker change in relation to 

nutritional status, suggested that total protein, albumin, glucose, iron, 

prealbumin, ferritin and TAS may be potential salivary biomarkers of nutritional 

status and/or dietary intake. Many of the existing studies were, however, 

considered to be of poor/fair quality, they used serum-based kits and often did 

not describe the assay performance. It is, therefore, unclear if salivary 

biomarkers respond in the same way to nutritional status or dietary intake, as 

their corresponding serum biomarkers. 

 
Chapter 3 then focused on exploring whether commercially available kits 

designed for serum samples could be used for the analysis of nutritional 

salivary biomarkers, due to the lack of saliva-specific kits. As previously 

mentioned in Chapter 2, seven potential nutritional salivary biomarkers were 

deemed of interest to explore. The biomarkers chosen were prioritised, and, 

as the evidence was stronger, it was decided that total protein, albumin, 

glucose and iron would initially be explored, with the further advantage that 

they also required the same calibrators and controls in order to conduct the 

analysis. This exploratory analysis of saliva samples, collected from four 

different studies, found that serum-based kits were not appropriate for the 

nutritional salivary biomarkers chosen. The kits found low levels of the 

biomarkers, even after increasing the saliva sample volume, and the high inter- 

and intra-assay saliva CVs, in contrast to the low serum-based CV, indicated 
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that the assay kits with saliva had poor reproducibility and unreliable findings. 

In a pooled analysis, no significant difference was observed in the salivary 

biomarkers according to age, gender or BMI. Due to the lack of existing 

methodology, the use of saliva, using serum-based kits, is not currently an 

appropriate alternative for capturing nutritional status and dietary intake. 

 
7.1.1.1 IMPLICATIONS OF THESIS FINDINGS AND FUTURE WORK 

(CHAPTERS 2 AND 3) 

The research in Chapters 2 and 3 highlighted that in order to advance this area 

of saliva research, future research should involve the development of specific 

saliva-kits to detect nutritional salivary biomarkers. It is possible that these kits 

may be able to be developed in house when not limited by time constraints. 

Once developed, the assay performance of the kit should be tested and, 

provided the inter- and intra-assay CVs are below the recommended levels, 

both stimulated and unstimulated saliva samples should be tested and 

nutritional salivary biomarkers results compared to the literature. Due to time 

constraints of this thesis, and the poor assay CV results, other potential 

nutritional salivary biomarkers (i.e. prealbumin, ferritin and TAS) were not 

tested in the saliva samples. These, therefore, could be explored in the future, 

alongside salivary total protein, albumin, glucose and iron. 

 
If any of these data were promising, this would guide the next stage of the 

research to determine if nutritional salivary biomarkers differ according to age, 

gender and BMI, as explored in Chapter 3. Furthermore, research should 

explore if saliva is sensitive to other changes in nutritional status (e.g. IDA or 

undernutrition). To do this, a study should include participants with and without 

nutrition-related conditions. This should be conducted in different populations 

using the saliva-specific nutritional biomarker kits, to see if results are 

consistent. As this current study did not compare the saliva results to blood 

samples, it will be important to explore this in the future. This should include a 

detailed dietary intake assessment to compare the nutritional salivary 

biomarker results. Consistent results are imperative if assessment of 

biomarkers in saliva would eventually be used a sole diagnostic or dietary 

assessment tool, either clinically, in the community or commercially [233]. 
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7.1.2 AIM TWO: To explore the relationship between weight change and 

inflammatory salivary biomarkers 

 
Objective: 

 To explore the effect of weight change on inflammatory salivary 

biomarkers in Northern Irish adults participating in a community-based 

health programme (Chapter 4) 

 
A healthy diet and optimal nutritional status should be encouraged, as this may 

prevent or improve many age-related diseases and conditions. However, poor 

nutritional status may lead to individuals being overweight or obese, which can 

predispose an individual to a pro-inflammatory state [251] and increase the risk 

of NCDs [250]. A review concluded that weight loss in overweight or obese 

individuals, led to a significant reduction in inflammatory serum biomarkers 

[251]. Similar to nutritional biomarkers, inflammatory biomarkers are commonly 

measured in blood [102,253]. A review demonstrated the use of inflammatory 

salivary biomarkers in the diagnosis of different conditions, such as, cancer, 

diabetes, and oral diseases [253]. Despite findings in Chapter 3, indicating that 

serum-based kits were not appropriate for detecting nutritional biomarkers in 

saliva, different analysis methods may be available to detect inflammatory 

biomarkers in saliva. 

 
Chapter 4, therefore, focused on an exploratory analysis of the effect of weight 

change on inflammatory salivary biomarkers. Significant correlations existed 

between weight loss and reduced levels of inflammatory salivary CRP and 

IGFBP-3, and increased salivary lipocalin-2, although the findings were not 

consistent over time points and did not remain significant after adjusting for 

age and gender. However, the longer term results were based on 16 

participants over only a 10 week study duration, which may not have been long 

enough to observe changes in inflammatory salivary biomarkers. The lack of 

statistically significant findings in this exploratory analysis may have differed if 

a larger number of participants were included and if they were followed for a 

longer period of time. Furthermore, the non-significant findings may reflect that 

the customised magnetic Luminex assay may not have been appropriate to 
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measure inflammatory salivary biomarkers, as some were below the lower 

detectable range and no inter- or intra-assay CVs were calculated, so the 

reproducibility of the assay is unclear. This corresponds to the nutritional 

salivary biomarkers being below the detectable range in Chapter 3. 

 
7.1.2.1 IMPLICATIONS OF THESIS FINDINGS AND FUTURE WORK 

(CHAPTER 4) 

The research in Chapter 4 highlighted that salivary inflammatory biomarkers 

were not significantly affected by weight change after adjustment. Therefore, 

the customised magnetic Luminex assay may not be useful for detecting 

changes in inflammatory salivary biomarkers. In order to advance this area of 

research, future research is required using more sensitive and accurate 

methods to detect changes in inflammatory salivary biomarkers and, 

subsequently, determine the effect that weight change has on the biomarkers. 

This is required to help determine if weight change has the same effect on 

inflammatory salivary biomarkers as it does in serum biomarkers. However, 

RCT weight loss studies, with a no weight loss control, would be ethically 

challenging. 

 
Therefore, alternative study designs are required, such as the community- 

based health programme study design investigated in this chapter. A larger 

study using this design, and over a longer duration, would allow categorisation 

of weight change (i.e. weight loss, weight gain and no change). These future 

studies should use more accurate salivary analysis methods, with a larger 

sample size determined with a power calculation, and carried out over a longer 

period of time to allow weight change to occur, and this to be reflected in 

changes in salivary inflammatory markers. If weight change was found to have 

an effect on inflammatory salivary biomarkers, it would mean that a change in 

inflammatory state could be assessed quickly and non-invasively using saliva, 

either as an alternative to or alongside blood, thus allowing inflammatory 

marker status to be easily monitored and detected. 
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7.1.3 AIM THREE: To investigate the associations between oral health 

status, diet, nutritional status and health outcomes 

 
Objectives: 

 To investigate whether oral health status, defined as the number of 

natural teeth and subsequent prosthodontic rehabilitation, was 

associated with dietary intake and diet quality in older men, after an 

average time period of 13 years in the PRIME study (Chapter 5) 

 To explore associations between oral health status, dietary patterns, 

body composition, frailty and health outcomes in a cross-sectional pilot 

study of Northern Irish older adults (Chapter 6) 

 
As discussed in Chapter 1, there are a number of factors that can affect dietary 

intake. Oral health status is considered an important factor influencing diet, in 

terms of food choice and eating behaviour [16–18]. Despite improvements in 

older adults’ oral health as previously discussed in Chapters 1 and 5, tooth 

loss is still a global problem in older adults [337]. The evidence from systematic 

reviews linking oral health status and dietary intake [50–53] and diet quality 

[56–58,62,338,404] in adults and older adults, were inconsistent and limited by 

the few prospective studies conducted to date, particularly in relation to more 

novel indicators of diet quality, such as DDS and MDS. Recent evidence in 

older adults with impaired dentition (i.e. tooth loss or edentate) found that they 

tend to avoid foods perceived as difficult to eat (e.g. fruit, vegetables, nuts) 

[18]. Severe tooth loss has been associated with a lower overall diet quality in 

older adults and, subsequently, a greater number of teeth is associated with a 

higher diet quality [56–59,338,404], while having 21 or more natural teeth did 

not contribute substantially to a higher diet quality in older adults in the US [62]. 

 
Chapter 5 focused on the secondary data analysis of the PRIME study to 

investigate if oral health status was associated with future dietary intake and 

diet quality. The study found that having 21 or more natural teeth remaining 

positively affected future dietary intake of fruit, vegetables, and nuts, and 

showed higher diet quality scores (MDS and DDS), compared to those with 
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severe tooth loss (i.e. 1-20 teeth or edentate). Edentate men with dentures 

were 64% less likely to achieve recommendations for daily fruit intake. 

Prosthodontic rehabilitation was suggested to be beneficial for dietary intake 

and diet quality, especially, in those with at least 21 or more natural remaining 

teeth, in terms of improving the intake of hard-texture foods such as fruits, 

vegetables and nuts. 

 
Data collected as part of the PRIME study were not suitable for exploration of 

any other associations with oral health status. Emerging evidence has 

suggested that poor oral health status may be a predictor and marker of frailty 

in older adults [362]. Evidence regarding the relationship between oral health 

status and body composition in older adults is limited. To date, only two studies 

have been conducted in Brazilian older adults and found that being edentate 

[370] or experiencing some tooth loss [371] was associated with inadequate 

levels of body fat [370] and positively associated with skinfold thickness [371]. 

If an older adult’s oral health status is impaired, their dietary intake can be 

negatively affected, as previously discussed. However, greater adherence to 

the MD has been associated with a lower risk of becoming frail in community- 

dwelling older adults [28]. Limited evidence also exists in terms of adherence 

to the MD and body composition in older adults, as only one RCT found no 

significant difference in total body fat percentage, between the intervention 

group consuming a MD and a control group [372]. However, observational 

cross-sectional studies conducted in younger age groups found significant 

relationships between body composition and MD adherence [373–375]. 

 
Chapter 6, therefore, focused on an exploratory analysis of the association 

between oral health status, diet, body composition and frailty in 50 community- 

dwelling older adults. Findings showed that total bone mass, fat-free mass and 

lean muscle, significantly differed according to oral health status, based on 

subjective measures. However, no significant association was observed 

between oral health status, MDS and DDS, unlike in Chapter 5. No other 

significant associations were observed between oral health status, self- 

reported chewing ability, OHRQoL and frailty. Adherence to the MD or greater 

dietary diversity did not differ according to frailty status or body composition 
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measurements. These non-significant findings may be due to the study being 

underpowered to detect statistically significant results, while the cross- 

sectional design will also not have allowed the detection of associations 

between previous dietary intake, which is what may be important, and frailty 

status and body composition. 

 
7.1.3.1 IMPLICATIONS OF THESIS FINDINGS AND FUTURE WORK 

(CHAPTERS 5 AND 6) 

Findings in Chapter 5 highlighted that oral health status is associated with 

dietary intake, after an average time period of 13 years, with those with a larger 

number of natural teeth having a better diet quality. This suggests that older 

adults may benefit from retaining as many natural teeth as possible in later life 

to maintain good nutritional status. The implications of this research to dentists 

may be that the 21 teeth cut-off could be used to aid decision-making of 

prosthodontic rehabilitation. Findings also indicate that it may be necessary to 

provide individuals who are edentate with or without dentures, as well as those 

with less than 21 natural remaining teeth, with specific dietary information, 

such as clear guidance regarding alternative methods of food preparation to 

allow the continued consumption of important food groups. Therefore, dentists 

should ensure that their patient’s oral health status is not affecting their dietary 

choices. To promote optimal dietary intake and quality and help reduce 

malnutrition in older adults, a multidisciplinary approach may be needed from 

dentists and dieticians/nutritionists. However, dentists are not commonly 

trained to provide dietary information to patients. This means it may be 

necessary to review the content of the dental curriculum and ensure that dental 

practitioners have at least some awareness and training to deliver basic dietary 

advice [70]. 

 
As PRIME is ongoing, it may be a useful study to consider including oral health 

status assessed both subjectively (i.e. OHIP-14) and objectively (i.e. dental 

examination) within the next phase of the study. This would give a better overall 

picture of individuals oral health status and how dental status impacts on 

quality of life. Oral health status could also be compared from 2001-2004 to 

the new oral health status assessment. Dietary intake assessment should 
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be included alongside the assessment of oral health status. The assessment 

should, however, be more detailed (e.g. multiple food diaries) and be combined 

with objective dietary measurements. As this thesis found that serum-based 

kits to detect nutritional salivary biomarkers was not currently an appropriate 

alternative for capturing dietary intake and nutritional status, blood tests should 

continue to be used. In the future, oral health status should be taken into 

consideration when designing nutritional interventions. This would mean that 

interventions could be tailored, based on oral health status, in terms of 

appropriate foods to include in their diet. This will help to understand and 

improve older adults’ dietary intake and diet quality and include strategies that 

specifically address oral health status as a barrier to healthy eating. 

Based on the findings of the exploratory analysis in Chapter 6, further research 

is required to investigate the potential relationship between oral health status, 

dietary patterns, nutritional status and health outcomes, amongst healthy and 

also prefrail/frail older adults living in the community and residential/care 

homes. These studies should have a larger sample size, calculated using a 

power calculation to be able to detect statistically significant results, and the 

inclusion of a dental examination and use of a DXA scan. It is important to note 

that accumulating evidence suggests that good oral health status and 

consuming a MD may help prevent or delay the onset of frailty in older adults. 

This is important, as the relationship may be bidirectional, as those older adults 

who become frail may lose interest in looking after their oral health and, 

subsequently, this may negatively affect their dietary intake and nutritional 

status. Since oral health is a modifiable risk factor which can also affect dietary 

intake, it may be important, if feasible, to include an oral health assessment 

within the assessment of nutritional status and frailty. 

 
Overall, to advance this area of research, adequately powered longitudinal 

studies are still required in older adults, to explore the prospective associations 

between oral health status, diet and health. 
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7.2 GENERAL STRENGTHS AND LIMITATIONS OF THESIS 

Specific strengths and limitations associated with each particular chapter have 

been discussed in detail within that chapter. A general summary of the 

common strengths and limitations will be presented in this section. 

 
7.2.1 Strengths 

 
This thesis is strengthened by the focus on novel topics, such as the systematic 

review (Chapter 2), which investigated a broad range of salivary biomarkers, 

in relation to both nutritional status and dietary intake in all age groups. This 

method of research was best for reviewing literature due to the robust 

methodology and variety of databases searched. It combined evidence from 64 

studies and illustrated data quality issues in the design and reporting of many 

nutritional salivary studies completed to date. This is important to acknowledge 

if this research area is to be investigated and improved in the future. The 

exploratory salivary analysis in Chapter 3 was based on a thorough and 

considered methodological approach using findings from the systematic 

review. This chapter identified key analytical challenges, in particular, the 

inappropriate use of serum-based assay kits to detect nutritional salivary 

biomarkers. 

Other strengths included that exploratory analysis was carried out in Chapters 

4 and 6, which has its limitations, yet the results from this can be used to guide 

analysis of larger datasets. Oral health status was investigated in relation to 

novel indicators of diet quality, such as DDS and MDS (Chapters 5 and 6). This 

thesis included the secondary data analysis of the PRIME study (Chapter 

5) which was based on a representative sample of community-dwelling older 

adults (n=1096). This study involved the use of a clinical dental examination to 

objectively assess the number of teeth and denture status. Furthermore, 

Chapter 6 also explored oral health status in relation to other health outcomes 

(i.e. body composition and frailty and ADL) which is lacking in the existing 

literature. 
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7.2.2 Limitations 

 
7.2.2.1 General 

 
In general, this thesis is limited by the analyses generally involving healthy 

community-dwelling adults and older adults, who volunteered to take part in 

the research studies (Chapters 3, 4, 5 and 6). These individuals were 

considered motivated and perhaps interested in health, which may have 

influenced the results of the studies. Findings may differ if the analysis was 

carried out in other population groups. This thesis is also limited by the lack of 

edentulous individuals involved in the analysis of oral health status and diet 

(i.e. only 79 participants in Chapter 5 and two participants in Chapter 6). 

Findings may, therefore, lack generalisability to adults and older adults living 

in residential or care home facilities. This is important as edentulism tends to 

be higher in these facilities compared to private households [360]. 

7.2.2.2 Study design-related 

One of the main limitations of this thesis, is that the analyses conducted in 

relation to oral health and diet, was cross-sectional (Chapters 5 and 6). This 

meant that only associations between oral health status, dietary intake and 

health could be observed. Therefore, no cause and effect relationships 

between diet and oral health status could be established. Despite there being 

a prospective assessment of dietary intake in the PRIME study (Chapter 5), 

there was no baseline measurement of dietary intake taken at the time that 

oral health was assessed, so the data were examined using statistical 

approaches for cross-sectional analysis. Other analyses were based on small 

exploratory studies which were not specifically designed to explore the specific 

research question and were underpowered to detect statistically significant 

results (Chapters 4 and 6). The use of multiple comparisons in Chapters 4, 5 

and 6, may have resulted in statistically significant findings due to chance. 

 
7.2.2.3 Outcome-specific 

The assessment of oral health in Chapter 6 was based on a subjective 

assessment (i.e. OHIP-14 and OHRQoL questionnaires, and self-reported 

details on dental health). However, objective measurements are needed to 
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confirm subjective assessments. The assessment of dietary intake within this 

thesis is based on subjective methods (i.e. FFQ in Chapter 5 and a four-day 

food diary in Chapter 6). The common issue is that these methods are self- 

reported, meaning that participants may have under- or over-estimated their 

consumption of certain items due to social desirability or recall bias, particularly 

prevalent in older adults. 

Dietary patterns, in particular the MDS, were investigated in this thesis in 

relation to oral health status (Chapters 5 and 6). However, there are limitations 

associated with DP analysis. There are a number of different MDSs as 

previously discussed in Chapter 1, and within this thesis the MDS was 

calculated based on the validated 14-item MDS (Chapter 6). This was adapted 

based on eight food groups as the FFQ lacked detail on the some of the MD 

groups (Chapter 5). As the use of DPs is relatively new, it is not clear if a certain 

dietary assessment method is required to accurately calculate a DP [29]. 

Furthermore, the use of the MDS is limited by current knowledge of the diet- 

disease relationship, which can make it difficult to select individual score 

components [26]. It is also recognised that food groups used to construct a DP 

contains healthy nutrients, but if consumed in excess may increase the risk of 

chronic diseases [32]. Despite the limitations discussed, this thesis added 

evidence to suggest that a higher MDS in the future was observed in those 

with a greater number of natural teeth. 

 
The assessment of nutritional status in this thesis was primarily conducted 

using BMI (Chapters 4, 5, and 6). BMI does not indicate the location of the 

body fat, but is useful alongside other measurements. Therefore, other 

methods can be used such as a DXA scan (Chapter 6), as this indicates body 

composition in terms of, fat, lean muscle, bone mass, fat-free mass and VAT. 

However, the problem with a DXA scan is that it requires participants to be 

generally healthy to be able to attend a research centre. This reduces the 

likelihood of individuals in residential/care homes being able to attend, but this 

is also a group that should be investigated. Future research is, therefore, 

required to explore relationships with nutritional status (i.e. body composition) 
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using different methods, in addition to BMI, in relation to oral health status and 

dietary intake and diet quality. 

 
7.3 OVERALL CONCLUSIONS 

This thesis examined the association between oral health, dietary intake, saliva 

and nutritional status and had three broad aims: to explore the utility of saliva 

as a biological matrix in the measurement of biomarkers of nutritional status 

and/or dietary intake, to explore the relationship between weight change and 

inflammatory salivary biomarkers, and to investigate associations between oral 

health status, diet, nutritional status and health outcomes. 

The evidence in relation to salivary biomarkers of nutritional status and/or 

dietary intake has proved conflicting, inconsistent and weak due to many of the 

studies being of poor/fair quality. Exploratory analysis of nutritional biomarkers 

revealed that the use of saliva, using serum-based kits, is not currently an 

appropriate alternative for capturing nutritional status and dietary intake. To 

advance this area of saliva research, future research requires the development 

of specific saliva-kits to detect nutritional biomarkers. 

Weight change was not statistically significantly associated with inflammatory 

salivary biomarkers in the exploratory analysis. However, this may reflect that 

the Luminex assay was not appropriate, as some biomarkers were below the 

lower detectable range. To advance this area of research, more sensitive and 

accurate methods are required to detect inflammatory salivary biomarkers and, 

subsequently, determine the effect that weight change has on the biomarkers. 

Oral health status and future dietary intake and diet quality were found to be 

associated. Of particular interest, having 21 or more natural teeth positively 

affected the future dietary intake and diet quality. Further longitudinal evidence 

is still required to strengthen the evidence regarding this relationship. 

Considering the importance of oral health in relation to diet, it is suggested that 

an oral health status assessment, if feasible, may be included within the 

assessment of nutritional status and frailty. Dentists may also play a role in 

providing some dietary advice to their patients if adequately trained. 
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The association between oral health, dietary intake, saliva and nutritional 

status needs to be explored further in larger studies, using a combination of 

methods previously mentioned. This may ultimately help to detect and improve 

older adult’s nutritional status, as the findings may be used to inform future 

healthcare policy, practice and decision making. 
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22 Abstract 

 

23 Background: The older age population are the fastest growing age sector and 
 

24 will continue to increase for the foreseeable future. Many older adults have 
 

25 limited awareness of nutritional recommendations. Thus malnutrition is a major 
 

26 problem in the United Kingdom, as over three million people are malnourished, 
 

27 and of these around 1.3 million are older adults aged 65 years and older. The 
 

28 problem, however, is that, conducting a full nutritional assessment is currently 
 

29 a rather complex and invasive process. There is a necessity for a non-invasive, 
 

30 timely and cost-effective method and this is where the alterative medium 
 

31 ‘saliva’  has  come  to  our attention.  The aim of  this  systematic review is to 
 

32 identify, review and synthesize any existing studies in participants of all  ages 
 

33 that measured nutrient(s) in whole saliva and/or gland specific/glandular 
 

34 saliva, in relation to a nutritional status or dietary intake outcome. Methods: 
 

35 The protocol has been registered with the International Prospective Register 
 

36 of Systematic Reviews (PROSPERO) and was developed in accordance with 
 

37 the guidelines of the Preferred Reporting Items for Systematic Review and 
 

38 Meta-analyses Protocols (PRISMA-P). Studies will be selected according to 
 

39 the described eligibility criteria. Specific search strategies and hand-searching 
 

40 of reference lists will allow studies to be collected. Data extraction will be 
 

41 undertaken by two independent reviewers and data analysis by the principal 
 

42 reviewer. Discussion: This review will assess the available evidence in 
 

43 relation to the use of salivary biomarkers to assess nutritional status and/or 
 

44 dietary intake. The potential implications in the future may include that 
 

45 nutritional salivary biomarkers may be of use in healthcare and subsequently 
 

46 may inform healthcare policy. The review will also help to identify areas of 
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47 further research, such as to help inform the development of a future study of 
 

48 salivary biomarkers of nutritional status in older Northern Irish adults, as this 
 

49 has yet to be investigated in this population group.  

 

50 Registration Number: CRD42018107667. 

 

51 Keywords: Biomarkers; Humans; Nutritional Status; Saliva 

 

52 Background 

 

53 The older age population are the fastest growing age sector and will continue 
 

54 to increase for the foreseeable future [1]. The number of older adults aged 65 
 

55 years and older in the United Kingdom (UK) alone are projected to rise by 
 

56 around 50% over the next 20 years, reaching over 16 million [2]. This may 
 

57 create additional demands and a potential economic healthcare challenge [3]. 
 

58 One of the key determinants of health in all age groups is good quality nutrition 
 

59 [4]. As the population ages maintaining good quality nutrition can be a 
 

60 challenge as chronic disease, functional impairment [5], and physical inability 
 

61 can  have  negative  impacts  [1].  However,  many  older  adults have limited 
 

62 awareness  of  nutritional  recommendations,  which  is  portrayed  by  recent 
 

63 results of the UK National Diet and Nutrition Survey (NDNS) (2014/2015- 
 

64 2015/2016) [6]. In general, energy intake, fruit and vegetables, oily fish, fibre, 
 

65 vitamin D, magnesium, potassium and selenium were below 
 

66 recommendations, whilst total fat, saturated fat and free sugars intakes 
 

67 exceeded recommendations [6]. Subsequently, poor dietary intake and 
 

68 nutritional status may lead to nutritional deficiencies and malnutrition may be 
 

69 diagnosed, which is defined as having a deficiency, excess or imbalance of 
 

70 energy, protein and other nutrients and may lead to adverse health effects [7]. 
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71 This is a major problem particularly in the UK, as over three million people are 
 

72 malnourished, and of these around 1.3 million are older adults aged 65 years 
 

73 and  older,  with  the  majority  (93%)  of malnourished individuals living in the 
 

74 community [7]. Therefore, it is vitally important to be able to identify older adults 
 

75 who are failing to maintain a healthy diet, perhaps due to inadequate nutritional 
 

76 intake or poor oral health status. This will help to ensure that nutritional 
 

77 deficiencies are detected early, easily and quickly and that nutritional support 
 

78 is not delayed. 

 

79 The problem, however, is that conducting a full nutritional assessment is 
 

80 currently a rather complex and invasive process, which involves obtaining a 
 

81 detailed assessment of nutritional intake, looking for changes in body 
 

82 composition, any signs or symptoms of a nutritional deficiency or excess, and 
 

83 completing laboratory tests (i.e. blood tests) [8]. Despite blood being 
 

84 considered the “gold standard” for evaluating systemic health, a blood test has 
 

85 limitations including that it can be invasive, cause discomfort and there is a risk 
 

86 of infection to both practitioners and patients [9]. Therefore, there is a necessity 
 

87 within the healthcare system for a non-invasive, timely and cost-effective 
 

88 method and this is where the alterative medium saliva has come to our 
 

89 attention [10]. 

 

90 A recent systematic review which looked at the clinical and diagnostic utility of 
 

91 saliva found that over the past 20 years evidence has accumulated for the use 
 

92 of saliva to monitor overall health, diagnose and treat different oral and 
 

93 systemic disorders (e.g. oral and breast cancer, Human Immunodeficiency 
 

94 Virus (HIV) and sjogrens syndrome) [11]. Saliva is often referred to as “window 
 

95 on health status” and has been suggested as a potential non-invasive 
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96 biological fluid which could be used to assess an individual’s current state of 
 

97 health [10,12] and could be used an objective measure of assessing dietary 
 

98 intake. The biological plausibility is that saliva glands are surrounded by 
 

99 capillaries which allows the exchange of blood-based molecules into saliva, 
 

100 either via active transport, diffusion through cell membrane or passive diffusion 
 

101 [13]. Recognising saliva as a credible means to evaluate health status, may 
 

102 offer translational and public health advantages [14]. For example, saliva is 
 

103 accessible, salivary collection is non-invasive [15] and it can be used when the 
 

104 collection of blood is difficult [9]. 

 

105 From conducting a scoping exercise which did not have a defined search 
 

106 strategy, 11 potential salivary biomarkers were identified from a limited number 
 

107 of studies per biomarker. In relation to nutritional status these included: total 
 

108 protein  [16–23],  albumin [18–22,24–27], prealbumin [19,23,24], transferrin 
 

109 [18,19,24,25], ferritin [16,28,29], iron [28,30], calcium [31–33], phosphate [32– 
 

110 34], potassium [31,35,36] and total antioxidant capacity/status [37]. In relation 
 

111 to  dietary  intake,  this  included:  albumin,  calcium,  and  phosphate [38,39], 
 

112 vitamin C [40,41], vitamin D in relation to supplementation [36,42] and total 
 

113 antioxidant capacity [43]. If additional biomarkers are found in the systematic 
 

114 review search they will also be included if they are considered a nutrient(s) in 
 

115 saliva. However, the use of saliva to assess nutritional status is limited by the 
 

116 number of studies conducted to date (e.g. iron-deficiency anaemia, protein 
 

117 nutritional status) and none have been conducted in the UK. The literature is 
 

118 not conclusive as the change in the direction of the biomarker is not consistent. 
 

119 This systematic review is necessary as none has been conducted in relation 
 

120 to salivary biomarkers of nutritional status. Therefore the aim of this systematic 
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121 review is to identify, review and synthesize any existing studies in participants 
 

122 of all ages that measured nutrient(s) in  whole saliva and/or gland 
 

123 specific/glandular saliva, in relation to a nutritional status or dietary intake 
 

124 outcome. Findings may help inform the development of a future study to test 
 

125 the measurement of nutritional salivary biomarkers in relation to nutritional 
 

126 status and/or dietary intake in older Northern Irish adults. 

 

127 Methods 

 

128 Eligibility criteria 

 

129 Broad criteria is predefined to select papers for inclusion, using the 
 

130 participants, interventions, outcomes and study design reporting system 
 

131 (PICOS). 

 

132 Participants: All ages of participants which have nutrient(s) measured in 
 

133 whole saliva and/or gland specific/glandular saliva. This is due to the 
 

134 anticipated limited number of available studies in older adults. 
 

135 Interventions: Any intervention delivered in relation to the effect of dietary 
 

136 intake on nutritional salivary biomarkers. 
 

137 Comparators/controls: Comparisons will be made between the 
 

138 measurements of nutritional biomarkers in serum versus the measurement of 
 

139 the biomarkers in saliva where applicable and controls may be those without 
 

140 the presence of the nutritional condition being studied; however no exclusions 
 

141 will be applied based upon the presence or absence of comparator groups. 
 

142 Outcomes: The identification and/or level of nutritional salivary biomarkers in 
 

143 relation to a nutritional status or dietary intake outcome. Studies will be treated 
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144 separately in relation to nutritional status and dietary intake to solve any 
 

145 heterogeneity issues in reporting. 

 

146 Study Design: All study designs will be included in order to maximise the 
 

147 number of studies in the review. This excluded: reviews, commentaries, 
 

148 conference abstracts, animal studies and non-English studies. 
 

149 Setting: Studies from all countries and across all settings will be included such 
 

150 as: healthcare settings and communities to allow the maximum number of 
 

151 studies to be included. 

 

152 Timeframe: The anticipated/actual start date will be the 30 September 2018 
 

153 and the anticipated completion date will be the 31 March 2019. 

 

154 Years considered: All years of studies will be considered, to ensure that no 
 

155 study is missed, up to the date the searches are ran. 

 

156 Language: Only English language studies will be included. 

 

157 Publication status: Only studies which are published will be included. 

 

158 Information sources: Electronic bibliographic databases (MEDLINE, Web of 
 

159 Science, Scopus and EMBASE), trial registers (i.e. Cochrane) and other grey 
 

160 literature sources (open grey, google and google scholar) will be systematically 
 

161 searched. Reference lists of relevant papers will be scanned to identify any 
 

162 further studies of interest through a hand search. Corresponding authors will 
 

163 be contacted for any missing data where appropriate. All databases will be 
 

164 searched from inception until the date of the search. The searches will be re- 
 

165 run again prior to analyses so that any further studies can be included. 
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166 Search Strategy: In consultation with the authors, specific search strategies 
 

167 will be created alongside a librarian with expertise in systematic reviewing. The 
 

168 search strategy will include only terms relating to biomarkers, nutritional status 
 

169 and  saliva.  The  search  terms  will  be  adapted  for  use  with  each  of  the 
 

170 bibliographic databases. The search terms employed will either be medical 
 

171 subject headings (MeSH) terms or key words classified under a general (all 
 

172 fields) category. The search terms will be combined with an “OR” within 
 

173 categories and then “AND” will be used to combine different categories to 
 

174 create a final search query. The search terms will be exploded where possible 
 

175 to expand results.  A copy of the four search strategies are shown in Table 1. 
 

176 The planned limits for the searches include English language and Human 
 

177 studies of all ages (Web of Science and Scopus have no human filter). 
 

178 Study Records 

 

179 Data management: To manage records and data extracted throughout the 
 

180 review a programme known as Covidence will be used. The files can then be 
 

181 exported to Microsoft Excel which will allow tables to be created from the 
 

182 relevant data retrieved from studies. Mendeley will then be used for references 
 

183 to be cited quickly and easily, as well as for creating a reference list. 

 

184 Selection Process: The selection process of studies will involve a thorough 
 

185 title and abstract screening of papers retrieved using the search strategy and 
 

186 those from additional sources. Those not meeting the inclusion criteria will be 
 

187 removed. This selection process will be independently completed by one 
 

188 reviewer (DL). This will be followed by the full texts being retrieved and 
 

189 assessed for eligibility by the same reviewer (DL). If full-texts are not readily 
 

190 available, inter-library loans will be used. A record will be kept of all articles 
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191 excluded and the reason for exclusion using Covidence. If appropriate, the 
 

192 final full-texts will be included in a meta-analyses. 

 

193 Data collection process: The data collection process will involve one 
 

194 reviewer (DL) extracting the required information from the studies. A second 
 

195 reviewer will then crosscheck the information retrieved (SW). Any 
 

196 disagreements will be resolved by discussion and mutual agreement between 
 

197 the authors. Missing data will be requested from study authors where possible. 

 

198 Data Items: The data items that will be extracted will include: author, country, 
 

199 year, study design, study population demographics (if available), results 
 

200 (outcome measures in cases and controls if applicable) and main conclusion. 

 

201 Outcomes and prioritization: The outcomes have previously been discussed 
 

202 in the eligibility criteria section. The rationale for the primary outcome is 
 

203 because the ultimate aim is to identify potential salivary biomarkers of 
 

204 nutritional status and/or dietary intake. 

 

205 Risk of bias in individual studies: The risk of bias will be assessed by the 
 

206 principal author (DL) according to individual study design, with the majority 
 

207 expected to be non-randomised studies. The Newcastle-Ottawa Scale will be 
 

208 used to assess the quality of non-randomised studies [44]. This will involve the 
 

209 use of a star system* to judge the studies on three broad perspectives: 
 

210 Selection and Exposure/Outcome (maximum of one star for each of the 
 

211 sections) and Comparability (maximum of two stars) [44]. A maximum of 9 
 

212 stars may be obtained to determine whether the evidence is of good, fair or 
 

213 poor quality [44]. It is anticipated that no randomised trials will be included, but 
 

214 if they are then the Cochrane risk of bias tool will be used to assess the quality 
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215 [45].This will be based on selection bias, performance bias, detection bias, 
 

216 attrition bias, reporting bias and other bias not covered [45]. 

 

217 Data 

 

218 Synthesis: A quantitative synthesis will be used if the included studies are 
 

219 sufficiently homogenous. If appropriate, papers will be summarised according 
 

220 to the same salivary biomarkers of nutritional status. Summaries of salivary 
 

221 biomarkers for each study will be provided by calculating risk ratios 
 

222 (dichotomous outcomes) or standardised mean differences (continuous 
 

223 variables) will be presented where possible. The 95% confidence intervals and 
 

224 P values for each outcome will also be presented, where possible. If 
 

225 quantitative synthesis is not appropriate, aggregate data will be used and a 
 

226 narrative synthesis based on the salivary biomarker and outcome measure will 
 

227 be conducted. 

 

228 The planned exploration of consistency across the studies will involve testing 
 

229 for heterogeneity using the I2 statistic. If the I2  is greater than 50% it will be 
 

230 considered that there is substantial heterogeneity present. 

 

231 Proposed additional analyses will be conducted if the necessary data are 
 

232 available and appropriate. For example, a subgroup analyses may be carried 
 

233 out according to health status (e.g. micro-nutrient deficiencies, iron-deficiency 
 

234 anaemia, and inadequate protein nutritional status) and age depending on the 
 

235 age groups within the studies. 

 

236 Meta-bias(es): If studies are comparable, a meta-analyses may be 
 

237 undertaken in relation to each salivary biomarker. A fixed-effects model will be 
 

238 used if the studies are found to be homogenous. If substantial heterogeneity 
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239 exists, then a random effects model will be used to account for any differences 
 

240 between studies. A funnel plot may be prepared to assess the effect of 
 

241 selective reporting and publication bias on the systematic review. 

 

242 Confidence in cumulative evidence: If appropriate, confidence in the 
 

243 cumulative evidence from the studies in the systematic review will be assessed 
 

244 using the Grading of Recommendations Assessment, Development and 
 

245 Evaluation (GRADE). The use of GRADE is mandatory for all new reviews and 
 

246 is encouraged for all outcomes in the review [46]. The GRADE system starts 
 

247 with a baseline rating of high for randomised controlled trials and reasons to 
 

248 downgrade the evidence will include, risk of bias, inconsistency, indirectness, 
 

249 imprecision and publication bias [46]. The baseline rating is low for non- 
 

250 randomised controlled trials and reasons to upgrade the evidence will include, 
 

251 large magnitude of effect, dose response and effect of all plausible 
 

252 confounding factors would be to reduce the effect or suggest a spurious effect 
 

253 [46]. Decisions involving downgrading evidence will be made by one author 
 

254 (DL). A summary of findings table will then be presented alongside the GRADE 
 

255 rating  (e.g.  high,  moderate,  and  low)  for  each  of  the  identified  salivary 
 

256 biomarkers where possible. 

 

257 Discussion 
 
 

258 This review will use a systematic approach when searching, screening, 
 

259 appraising and extracting data from the evidence base, with a comprehensive 
 

260 search strategy and inclusion and exclusion criteria. As two reviewers will be 
 

261 involved in data extraction this will enhance the reliability of the conclusions. 
 

262 The use of summary tables will help to present the findings for the main 
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263 comparisons in the review, interpret results and draw conclusions about the 
 

264 use of salivary biomarkers to assess nutritional status and/or dietary intake. 
 

265 An additional file shows the PRISMA-P checklist used in the development of 
 

266 the systematic review protocol. Practical implications may be being able to 
 

267 access full-texts and/or being able to contact authors if required. However, this 
 

268 systematic review will provide an evidence base from which future research 
 

269 into salivary nutritional biomarkers will be able to reference. It will attempt to 
 

270 identify those salivary biomarkers that may be of use in assessing nutritional 
 

271 status, which could potentially be translated into healthcare practice in the 
 

272 future. Findings from the systematic review will be disseminated by publishing 
 

273 in a peer-reviewed scientific journal and conference presentations. 
 
 

274 List of abbreviations 
 

 
GRADE Grading of Recommendations Assessment, Development and 

 

Evaluation 

HIV Human Immunodeficiency Virus 
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462 Table 1: Search strategies from MEDLINE, EMBASE, Web of Science and 
 

463 SCOPUS 

 
 

MEDLINE exp ALBUMINS/ OR Transthyretin.mp. or exp Prealbumin/ 

OR exp TRANSFERRIN/ OR exp Ferritins/ OR exp 

PROTEINS/ OR exp Amylases/ OR exp CALCIUM/ OR 

exp PHOSPHORUS/ OR exp POTASSIUM/ OR exp 

Ascorbic Acid/ OR vitamin C.mp. OR exp Vitamin D/ OR 

exp Antioxidants/ or total antioxidant capacity*.mp. OR 

biological marker.mp. or exp Biomarkers/ OR exp IRON/ 

AND exp SALIVA, ARTIFICIAL/ or exp SALIVA/ OR exp 

"Salivary Proteins and Peptides"/ OR (saliva* adj5 (level* 

or substitute* or analys*)).mp. 

AND exp Nutritional Status/ OR exp Nutrition Disorders/ 

OR exp Protein-Energy Malnutrition/ or exp Malnutrition/ or 

exp Severe Acute Malnutrition/ OR exp Nutrition 

Assessment/ OR exp Health/ OR vitamin C deficiency.mp. 

or exp Ascorbic Acid Deficiency/ OR well?being.mp. OR 

exp Anemia, Iron-Deficiency/ OR exp Anemia/ OR exp 

Vitamin D Deficiency/ OR exp Protein Deficiency/ 

OR calcium deficiency.mp. or exp Hypocalcemia/ OR 

phosphorus deficiency.mp. or exp Hypophosphatemia/ OR 

exp Potassium Deficiency/ 

OR (nutrition* adj25 deficien*).mp. [mp=title, abstract, 

original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary 
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 concept word, rare disease supplementary concept word, 

unique identifier, synonyms] OR (("vitamin D" or "ascorbic 

acid" or "vitamin C" or "amylase" or "albumin" or 

"prealbumin" or "transthyretin" or "transferrin" or "ferritin" 

or "iron" or "protein" or "calcium" or "phosphorus" or 

"potassium" or "antioxidants" or "total antioxidant capacity" 

or "biomarker") adj3 deficien*).mp. [mp=title, abstract, 

original title, name of substance word, subject heading 

word, keyword heading word, protocol supplementary 

concept word, rare disease supplementary concept word, 

unique identifier, synonyms] 

EMBASE exp albumin/ OR Transthyretin.mp. or exp prealbumin/ OR 

exp transferrin/ OR exp ferritin/ OR exp protein/ OR exp 

amylase/ OR exp calcium/ OR exp phosphorus/ OR exp 

potassium/ OR vitamin C.mp. OR exp ascorbic acid/ OR 

exp vitamin D/ OR exp antioxidant/ or total antioxidant 

capacity*.mp. OR biomarker.mp. or exp biological marker/ 

OR exp iron/ 

AND exp saliva level/ or exp saliva substitute/ or saliva 

analysis/ or exp saliva/ or exp saliva protein/ 

AND exp Nutritional Status/ OR exp Nutrition Disorders/ 

OR exp Protein-Energy Malnutrition/ or exp Malnutrition/ or 

exp Severe Acute Malnutrition/ OR exp Nutrition 

Assessment/ OR exp Health/ OR vitamin C deficiency.mp. 

OR exp wellbeing/ or well?being.mp. OR exp iron 
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 deficiency anemia/ or exp iron deficiency/ OR exp vitamin 

D deficiency/ OR exp ascorbic acid deficiency/ OR exp 

protein deficiency/ OR exp calcium deficiency/ or exp 

Hypocalcemia/ OR 

exp phosphate deficiency/ or exp Hypophosphatemia/ OR 

exp potassium deficiency/ OR exp anemia/ OR 

an?emi*.mp. OR (nutrition* adj25 deficien*).mp. [mp=title, 

abstract, heading word, drug trade name, original title, 

device manufacturer, drug manufacturer, device trade 

name, keyword, floating subheading word] OR (("vitamin 

D" or "ascorbic acid" or "vitamin C" or "amylase" or 

"albumin" or "prealbumin" or "transthyretin" or "transferrin" 

or "ferritin" or "iron" or "protein" or "calcium" or 

"phosphorus" or "potassium" or "antioxidants" or "total 

antioxidant capacity" or "biomarker") adj3 deficien*).mp. 

[mp=title, abstract, heading word, drug trade name, 

original title, device manufacturer, drug manufacturer, 

device trade name, keyword, floating subheading word] 

Web of 

Science 

TS=(albumin*) OR TS=(transthyretin*) OR 

TS=(prealbumin*) OR TS=(ferritin*) OR TS=(iron*) OR 

TS=(amylase*) OR TS=(calcium*) OR TS=(phosphorus*) 

OR TS=(potassium*) OR TS=("vitamin D*") OR 

TS=("vitamin C*") OR TS=("ascorbic acid*") OR 

TS=(antioxidant*) OR TS=("total antioxidant capacit*") OR 
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 TS=(biomarker*) OR TS=("biological marker*") OR 

TS=(protein*) 

AND TS=(saliva*) OR TS=("salivary protein* and 

peptide*") OR TS=(saliva* NEAR/5 (artificial* or level* or 

substitute* or analys* or protein* or peptide*)) 

AND TS=(hypocalc$emi*) OR TS=(hypophosphatemi*) 

OR TS=("Nutritional status") OR TS=("nutrition 

assessment") OR TS=("nutrition disorder") OR 

TS=("malnutrition") OR TS=("protein$energy malnutrition") 

OR TS=("severe$acute malnutrition") OR TS=(an$emi*) 

OR TS=("iron deficiency an$emi*") OR TS=("health") OR 

TS=("well$being") OR TS=(("vitamin D" or "ascorbic acid" 

or "vitamin C" or "amylase" or "albumin" or "prealbumin" or 

"transthyretin" or "transferrin" or "ferritin" or "iron" or 

"protein" or "calcium" or "phosphorus" or "potassium" or 

"antioxidants" or "total antioxidant capacity" or 

"biomarker") NEAR/3 deficien*) OR TS=(nutrition* 

NEAR/25 deficien*) 

SCOPUS ((TITLE-ABS-KEY(vitamin C*)) OR (TITLE-ABS- 
 

KEY(antioxidant*)) OR (TITLE-ABS-KEY(total antioxidant 

capacit*)) OR ((TITLE-ABS-KEY(biomarker*)) OR (TITLE- 

ABS-KEY(biological marker*)) OR (TITLE-ABS- 

KEY(protein*)) OR (TITLE-ABS-KEY(albumin*)) OR 

(TITLE-ABS-KEY(transthyretin*)) OR (TITLE-ABS- 

KEY(prealbumin*)) OR (TITLE-ABS-KEY(transferrin*))) 
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 OR ((TITLE-ABS-KEY(ferritin*)) OR (TITLE-ABS- 

KEY(iron*)) OR (TITLE-ABS-KEY(amylase*)) OR (TITLE- 

ABS-KEY(calcium*))) OR (TITLE-ABS-KEY(phosphorus*)) 

OR (TITLE-ABS-KEY(potassium*)) OR (TITLE-ABS- 

KEY(vitamin D*)) OR (TITLE-ABS-KEY(ascorbic acid*))) 

AND ((TITLE-ABS-KEY(saliva*) OR TITLE-ABS- 

KEY("salivary protein* or peptide*")OR TITLE-ABS- 

KEY(saliva* w/5 (level* OR substitute* OR analys* OR 

artificial* or protein* or peptide*)))) 

AND ((TITLE-ABS-KEY(hypocalc*emi* or 

hypophosphatemi*)) OR (TITLE-ABS-KEY(nutrition* W/25 

deficien*)) OR (TITLE-ABS-KEY(("vitamin D" or "ascorbic 

acid" or "vitamin C" or "amylase" or "albumin" or 

"prealbumin" or "transthyretin" or "transferrin" or "ferritin" 

or "iron" or "protein" or "calcium" or "phosphorus" or 

"potassium" or "antioxidants" or "total antioxidant capacity" 

or "biomarker") W/3 deficien*) OR (TITLE-ABS- 

KEY(an*emi*)) OR (TITLE-ABS-KEY(iron deficiency 

anemia)) OR (TITLE-ABS-KEY(well*being)) OR ((TITLE- 

ABS-KEY(nutritional status)) OR (TITLE-ABS- 

KEY(nutrition assessment)) OR (TITLE-ABS-KEY(nutrition 

disorder)) OR (TITLE-ABS-KEY(malnutrition)) OR (TITLE- 

ABS-KEY(protein*energy malnutrition)) OR (TITLE-ABS- 

KEY(health)) OR (TITLE-ABS-KEY(severe*acute 
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 malnutrition))))) AND ( LIMIT-TO ( LANGUAGE,"English" ) 
 

) 

464 
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465 Additional File 1 

466 PRISMA-P 2015 Checklist 
 

467 This checklist has been adapted for use with systematic review protocol submissions to BioMed Central journals from Table 3 in 
468 Moher D et al: Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Systematic 

469 Reviews 2015 4:1 
 

470 An Editorial from the Editors-in-Chief of Systematic Reviews details why this checklist was adapted - Moher D, Stewart L & Shekelle 

471 P: Implementing PRISMA-P: recommendations for prospective authors. Systematic Reviews 2016 5:15 

 

 
Section/topic 

 
# 

 
Checklist item 

Information 
reported Line 

number(s) 
Yes No 

ADMINISTRATIVE INFORMATION 

Title 

Identification 1a Identify the report as a protocol of a systematic review x 
 

 1 

Update 1b If the protocol is for an update of a previous systematic review, identify as such 
 

 x N/A 

Registration 2 
If registered, provide the name of the registry (e.g., PROSPERO) and registration 
number in the Abstract 

x 
 

 47 

Authors 

Contact 3a 
Provide name, institutional affiliation, and e-mail address of all protocol authors; 
provide physical mailing address of corresponding author 

x 
 

 8-12, 18-20 

Contributions 3b Describe contributions of protocol authors and identify the guarantor of the review x 
 

 
269-272 

 
Amendments 

 
4 

If the protocol represents an amendment of a previously completed or published 
protocol, identify as such and list changes; otherwise, state plan for documenting 
important protocol amendments 

 

 x N/A 

Support 
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Section/topic 

 
# 

 
Checklist item 

Information 

reported Line 
number(s) 

Yes No 

Sources 5a Indicate sources of financial or other support for the review x 
 

 265-268 

Sponsor 5b Provide name for the review funder and/or sponsor x 
 

 
265 

Role of 
sponsor/funder 

5c 
Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the 
protocol 

x 
 

 265-268 

INTRODUCTION 

Rationale 6 Describe the rationale for the review in the context of what is already known x 
 

 82-116 

 
Objectives 

 
7 

Provide an explicit statement of the question(s) the review will address with reference 
to participants, interventions, comparators, and outcomes (PICO) 

x 
 

 110-113 

METHODS 

 
Eligibility criteria 

 
8 

Specify the study characteristics (e.g., PICO, study design, setting, time frame) and 
report characteristics (e.g., years considered, language, publication status) to be used 
as criteria for eligibility for the review 

x 
 

 118-146 

 
Information sources 

 
9 

Describe all intended information sources (e.g., electronic databases, contact with 
study authors, trial registers, or other grey literature sources) with planned dates of 
coverage 

x 
 

 147-154 

Search strategy 10 
Present draft of search strategy to be used for at least one electronic database, 
including planned limits, such that it could be repeated 

x 
 

 155-165 

STUDY RECORDS 

Data management 11a 
Describe the mechanism(s) that will be used to manage records and data throughout 
the review 

x 
 

 167-171 

 
Selection process 

 
11b 

State the process that will be used for selecting studies (e.g., two independent 
reviewers) through each phase of the review (i.e., screening, eligibility, and inclusion 
in meta-analysis) 

x 
 

 172-179 
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Section/topic 

 
# 

 
Checklist item 

Information 

reported Line 
number(s) 

Yes No 

Data collection 
process 

 
11c 

Describe planned method of extracting data from reports (e.g., piloting forms, done 
independently, in duplicate), any processes for obtaining and confirming data from 
investigators 

x 
 

 180-184 

Data items 12 
List and define all variables for which data will be sought (e.g., PICO items, funding 
sources), any pre-planned data assumptions and simplifications 

x 
 

 185-187 

Outcomes and 
prioritization 

13 
List and define all outcomes for which data will be sought, including prioritization of 
main and additional outcomes, with rationale 

x 
 

 
188-190 

Risk of bias in 
individual studies 

 
14 

Describe anticipated methods for assessing risk of bias of individual studies, including 
whether this will be done at the outcome or study level, or both; state how this 
information will be used in data synthesis 

x 
 

 191-201 

DATA 

 
 

 
Synthesis 

15a Describe criteria under which study data will be quantitatively synthesized x 
 

 
203-211 

 
15b 

If data are appropriate for quantitative synthesis, describe planned summary 
measures, methods of handling data, and methods of combining data from studies, 
including any planned exploration of consistency (e.g., I 2, Kendall’s tau) 

x 
 

 212-214 

15c 
Describe any proposed additional analyses (e.g., sensitivity or subgroup analyses, 
meta-regression) 

x 
 

 215-219 

15d If quantitative synthesis is not appropriate, describe the type of summary planned x 
 

 
209-211 

Meta-bias(es) 16 
Specify any planned assessment of meta-bias(es) (e.g., publication bias across 
studies, selective reporting within studies) 

x 
 

 220-225 

Confidence in 
cumulative evidence 

17 Describe how the strength of the body of evidence will be assessed (e.g., GRADE) x 
 

 226-238 

472  
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Appendix 2: Adapted Newcastle-Ottawa Scale Quality Assessment  
 

NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE CASE-

CONTROL STUDIES (ADAPTED VERSION) 

 

Note: A study can be awarded a maximum of one star (*) for each numbered item within the 

Selection and Exposure categories. A maximum of two stars can be given for Comparability. 

 

Selection 

1) Is the case definition adequate? 
a) yes, with independent validation * 
b) yes, e.g., record linkage or based on self reports 
c) no description 

 

2) Representativeness of the cases 
a) consecutive or obviously representative series of cases * 

b) potential for selection biases or not stated 
 

3) Selection of Controls 
a) community controls * 

b) hospital controls 
c) no description 

 
4) Definition of Controls 

a) no history of disease (endpoint) * 
b) no description of source 

 

Comparability 

1) Comparability of cases and controls on the basis of the design or analysis 
a) study controls for  (Select the most important factor.) * 
b) study controls for any additional factor * (This criteria could be modified to 

indicate specific control for a second important factor.) 
 

Exposure 

1) Ascertainment of exposure 
a) Quality assurance of laboratory measure of saliva (e.g. detail on saliva 

collection method, amount collected, analysis method, amount required 

for analysis, blinded in analysis and coefficient of variation) * 
b) lacking at least one of the criteria stated in (a) 
c) lacking all of the criteria stated in (a) 
d) no description 

 

2) Same method of ascertainment for cases and controls 
a) yes * 

b) no 
 

3) Non-Response rate 
a) same rate for both groups in relation to saliva (e.g. saliva samples for all 

cases and all controls included) * 
b) non respondents described (e.g. detail on those whom saliva samples 

were not analysed) 
c) rate different and no designation (e.g. no explanation on why different 

numbers of saliva samples analysed in cases and controls
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NEWCASTLE - OTTAWA QUALITY ASSESSMENT SCALE 

(ADAPTED FOR CROSS SECTIONAL STUDIES) 

 

Selection: (Maximum 5 stars) 

1) Representativeness of the sample: 
a) Truly representative of the average in the target population. * (all subjects 
or random sampling) 
b) Somewhat representative of the average in the target population. * (non- 
random sampling) 
c) Selected group of users. 
d) No description of the sampling strategy. 

 
2) Sample size: 

a) Justified and satisfactory. * 

b) Not justified. 
 

3) Non-respondents: 
a) same rate for both groups in relation to saliva (e.g. saliva samples for all 

cases and all controls included) * 
b) non respondents described (e.g. detail on those whom saliva samples 

were not analysed) 
c) rate different and no designation (e.g. no explanation on why different 

numbers of saliva samples analysed in cases and controls) 

 

4) Ascertainment of the exposure (risk factor): 
a) Quality assurance of laboratory measure of saliva (e.g. detail on saliva 

collection method, amount collected, analysis method, amount required 
for analysis, blinded in analysis and coefficient of variation) * 

b) lacking at least one of the criteria stated in (a) 
c) lacking all of the criteria stated in (a) 
d) no description 

 
Comparability: (Maximum 2 stars) 

1) The subjects in different outcome groups are comparable, based on the study 
design or analysis. Confounding factors are controlled. 

a) The study controls for the most important factor (select one). * 
b) The study control for any additional factor. * 

 

Outcome: (Maximum 3 stars) 

1) Assessment of the outcome: 
a) Independent blind assessment. ** 
b) Record linkage. ** 
c) Self report. * 
d) No description. 

 

2) Statistical test: 
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a) The statistical test used to analyze the data is clearly described and 
appropriate, and the measurement of the association is presented, including 
confidence intervals and the probability level (p value). * 

b) The statistical test is not appropriate, not described or incomplete. 
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Appendix 3: Data extraction for papers included in the systematic review 
 

 Study design 
and study 
sample 

Salivary methods 
and analysis 

Serum 
methods and 
analysis 

Primary 
Outcome 
(Saliva) 

Secondary 
Outcome 
(Serum) 

Nutritional status 
/ dietary intake 

Covariates 
in design 
or 
analysis 

Main 
conclusions 

Protein nutritional status and protein energy/calorie malnutrition 

Agarwal et al. 

(1984) 

Case-control 
study 

 
Children aged 1- 
10 years old, 
recruited both 
from outpatient 
and indoor 
services, at the 
Department of 
Pediatrics in 
India 

 
n=94; 
Cases=52 
(Grade I, II, III 
protein-energy 
malnutrition) 
Controls=42 

Collection method: 
Stimulated 
collection using 
citric acid 

 

Collection time: 
around 9am 

 

Collection length: 
unknown 

 
Collection amount: 
Assumed to be 3ml 

 
Protein – 3ml of 
saliva required 
using analysis 
method of Vacon 
(Lowry method 
mentioned in 
references) 

 

Ferritin – 3ml of 
saliva required 
using a ferritin kit 
(RIA Product, 
Waltham, MA) 

5ml venous 
blood collected 

 
Protein – Biuret 
method 

Mean±SD for the 

level of protein 

(ug/dl) and ferritin 

(ug/L) in saliva of 

cases and 

controls 

Relationship 

between salivary 

ferritin and protein 

Mean±SD level of 
protein (g/dl) in 
serum of cases 
and controls 

Gomez et al., 
classification of 
weight for age to 
determine 
malnutrition 
grades 

None Protein and 
ferritin levels in 
saliva 
decreased with 
increasing 
severity of 
protein-energy 
malnutrition 

 

Significantly 
lower levels of 
protein and 
ferritin in saliva 
and serum of 
those with 
grades I and II 
and III 
malnutrition 
compared to 
controls 
(p<0.001) 

 
Relationships 
between 
salivary ferritin 
and salivary 
protein were 

  found to be  
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        highly significant 

(p<0.001) 

Cheatham et 

al. (1984) 

Case-control 
study 

 
Adults (no age 
specified), 
recruited cases 
from the 
Alabama 
hospitals and 
controls 
recruited from 
both the 
community and 
hospital in 
Alabama, United 
States 

 
n=101; 
Cases=35 
(KWO, KWO- 
Marasmus, 
Marasmus) 

Collection method: 
Unstimulated 
collection using 
sterile cotton 

 
Collection time: 
Unknown 

 
Collection length: 
max. 20 minutes 

 
Collection amount: 
Unknown 

 
Protein – unknown 
amount of saliva 
required for 
analysis using 
Lowry method 

Albumin – 
clinical record 

Level of protein in 

saliva of cases 

compared to 

hospitalised and 

community 

controls 

Coefficient 

correlation of 

albumin with % 

IgA 

No specific levels 

of albumin in 

serum 

Kwashiorkor – 

serum albumin 

<2.8g/dl and total 

lymphocyte 

<1500mm 

Marasmus – 

<80% of ideal 

body weight or the 

combination of 

triceps skinfold 

thickness <60% of 

standard and mid- 

arm muscle 

circumference 

<90% of standard 

Kwashiorkor- 

marasmus – 

meeting criteria 

for both 

kwashiorkor and 

Age, sex, 
drugs, 
cancer, 
infection 

Protein in saliva 
was significantly 
higher in 
malnourished 
subjects than in 
either control 
group 
(hospitalised 
and community) 
(p<0.01) 

 
Protein in saliva 
was significantly 
lower (p<0.01) 
in healthy 
controls than in 
hospitalised 
controls 

 
Controls= 
n=34 Hospital 
Controls 
n=32 
Community 
Controls 

    marasmus   

 
Hospitalised 
controls were 

  age and sex  
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 matched to 

cases 
       

Cripps et al. 

(2008) 

Case-control 
study (cross- 
sectional) 

 
Children aged 
between 6 
weeks and 60 
months with a 
clinical 
diagnosis of 
moderate or 
severe 
pneumonia, 
recruited from 
those admitted 
to the Goroka 
Base Hospital in 
Papua New 
Guinea 

Collection method: 
Unstimulated 
collection using 
gentle suction 

 
Collection time: 
unknown 

 
Collection length: 
unknown 

 
Collection amount: 
1ml saliva 

 
Albumin – 
Unknown amount 
required for 
analysis using 
electro 
immunodiffusion 

3ml blood 
collected by 
venepuncture 

 
Albumin – rate 
nephelometry 

Median, IQR and 

number for the 

level of albumin in 

undernourished 

and nourished 

children, 

according to age 

group 

Median, IQR and 
number for the 
level of albumin in 
undernourished 
and nourished 
children, 
according to age 
group 

Classified using 
weight for age 
method which is 
standard in Papua 
New Guinea; 
undernourished 
(<80% weight for 
age) and 
nourished (≥80% 
weight for age) 

Looked at 
age groups 
in results – 
so not 
adjusting 
for age 

Albumin does 
not appear to be 
affected by 
nutritional status 
as there were 
no significant 
differences in 
saliva albumin 
between 
undernourished 
infected and 
nourished 
infected children 
(except ≤6 
months being 
lower than other 
age groups) 

 
Undernourished 
infected children 
<49 months of 
age had 
significantly 
lower levels of 
serum albumin 
than nourished 
infected children 
(p<0.001) 

 n=238;       

 undernourished       

 (cases) and       

 nourished 

(controls) 

      

 Different       

 numbers       

 according to age       

 groups; 6 weeks 
– 6 months, 7- 

      

 12 months, 13-       
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 24 months, 25- 

36 months, 37- 

48 months, 49- 

60 months 

       

El-Shobaki et 

al. (1978) 

Case-control 
study 

 

Children aged 6- 
36 months 
recruited from 
those suffering 
from PEM (free 
from infection 
and any other 
associated 
complication) 
and had been 
admitted to the 
Mounira 
children’s 
hospital in Egypt 

 
n=126; 
104 cases 
(moderate 
KWO, severe 
KWO, 2nd grade 
marasmus, 3rd

 

grade 
marasmus, 
Marasmic 
KWO), 22 

healthy controls 

Collection method: 
Unstimulated 
collection using 
sterilised cotton 
plugs 

 

Collection time: 
Morning 

 
Collection length: 
collected during 35 
minute intervals 

 
Collection amount: 
Up to 4-5ml 

 

Total proteins 

(including total 

protein, albumin, 

prealbumin, 

transferrin, 

lipoprotein) – 

unknown amount 

required for 

analysis using the 

technique by Pesce 

and Strand and 

electrophoretic 

separation of 

No serum 
measurements 

Mean(±SE) for 
the total protein, 
albumin, 
prealbumin, 
transferrin, 
lipoprotein and 
essential amino 
acids (mg/100ml) 
in cases and 
controls 

No serum 
measurements 

Classified into 
groups of 
malnourishment 
according to 
clinical methods 
and Reference 13 
(Said et al, 1973 
could not find) – 
similar categories 
as Cheatham 
paper above 

None 
 

Cases and 
controls 
have 
similar age 
range and 
SES but 
not 
necessarily 
matched 

In general, 

some 

malnourished 

groups had 

significantly 

increased 

levels of 

proteins and 

amino acids 

compared to 

controls – In 3rd 

grade 

marasmus, 

amino acid and 

protein 

components in 

saliva increased 

compared to 

controls 

Lower volume of 
saliva excreted 
in protein- 
deficient cases 
may have 
caused the 
concentration of 
constituents to 
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 Cases and 
controls similar 
age range and 
SES but not 
necessarily 
matched 

protein components 

took place 

according to the 

procedure of 

Johanssen (could 

not find references 

online) 

Essential amino 
acids – unknown 
amount required for 
analysis using 
one-dimensional 
paper- 
chromatography 
technique cited by 
Whitehead 

     be elevated in 
saliva 

Fonteles et al. 
(2012) 

Case-control 
study 

 

Children aged 

12-72 months 

old 

Cases were 
recruited from 
those admitted 
to the Institute 
for Prevention 
and 
Exceptionality 
(IPREDE), 
which is a 
reference centre 
for the treatment 

Collection method: 
Unstimulated 
collection using a 
disposable cannula 

 
Collection time: 
between 9-11am 

 

Collection length: 
30 minutes, every 
60 seconds saliva 
collected 

 

Collection amount: 
1.5ml saliva 

 
Total protein – 5ul 
(0.005ml) in 

No serum 
measurements 

Total protein 
(ug/ml) in cases 
and controls 

 
Protein molecular 
weight in 
kildaltons (SD), 
min and max, 
median and p 
value given in 
cases and 
controls 

No serum 
measurements 

Children were 

diagnosed as 

having 

malnutrition 

according to the 

child growth 

standards 

adopted by the 

World Health 

Organisation (Z 

scores) 

None – 
Controls 
similar age 
range but 
not 
necessarily 
matched 

Protein profile in 
saliva 
significantly 
varies according 
to the presence 
or absence of 
protein energy 
undernutrition 
compared to 
healthy controls 
(lower levels in 
malnourished) 

 
Severely 
undernourished 
children 
demonstrated 
the largest 
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 of malnutrition in 
Brazil 

 
Controls within 

the same age 

range as cases, 

were recruited 

from the 

Pediatric Dental 

Clinic at the 

Federal 

University of 

Ceara Medical 

School in Brazil 

n=122; 91 cases 
(Grade I, II, III) 
and 31 controls 

analysis using 
Bradford method 
and absorption 
measured at 
595nm in a 
spectrophotometer 

 
Protein fragments – 
two-dimensional gel 
electrophoresis 
used to separate 
proteins based on 
weight 

     quantities of 
protein 
fragments in 
saliva (increase 
in proteolytic 
activity) 

 

Saliva may be 
an important 
diagnostic tool 
for the 
assessment of 
protein energy 
undernutrition 

Ibrahim et al. 

(1978) 

Case-control 
study 

 
Children aged 6- 
36 months were 
those suffering 
from protein 
calorie 
malnutrition 
(free from 
infection and 
any other 
associated 
complication) 
and had been 
admitted to the 

  Mounira  

Collection method: 
Unstimulated 
collection using 
sterilised cotton 
plugs 

 

Collection time: 
morning time 

 

Collection length: 
collected during an 
interval of 36 
minutes 

 
Collection amount: 
Up to 4-5ml 

No serum 
measurements 

Mean ± SD or 

SE(range) of total 

protein, albumin, 

prealbumin, 

transferrin, 

lipoprotein 

(mg/100ml) in 

cases and 

controls 

Not mentioned if 

Mean(SD) or 

Mean(SE) 

No serum 
measurements 

Cases 
categorised into 
Kwashiorkor, 
Marasmus and 
Marasmic- 
kwashiorkor 
according to 
clinical reasons 
and Reference 18 
(Said et al, 1973 
could not find) – 
similar categories 
as Cheatham 
paper above 

None – 
Cases and 
controls 
similar age 
range and 
SES but 
not 
necessarily 
matched 

Level of salivary 

protein 

components are 

significantly 

markedly 

increased in 

edematous 

cases, but in 

non-edematous 

cases the levels 

were 

significantly 

diminished in 

2nd grade 

marasmus and 
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 children’s 
hospital in 
Cairo, Egypt 

 
n=85; 
70 cases 
(moderate 
KWO, severe 
KWO, 2nd grade 
marasmus, 3rd

 

grade 
marasmus, 
Marasmic 
KWO), 
15 healthy 
controls 

 

Cases and 
controls similar 
age range and 
SES but not 
necessarily 
matched 

Total proteins 

(including total 

protein, albumin, 

prealbumin, 

transferrin, 

lipoprotein) – 

unknown amount 

required for 

analysis using the 

technique by Pesce 

and Strand and 

electrophoretic 

separation of 

protein components 

took place 

according to the 

procedure of 

Johanssen (could 

not find references 

online) 

     slightly 

increased in 3rd 

grade 

Says slightly in 

summary but 

significant in 

tables 

Prealbumin only 
detected in 
protein-calorie 
malnourished 
participants (no 
results in 
controls) 

Ishioka (1956) Case-control 
study 

 
Boys aged 8-10 
year old were 
required from 
Hirosaki, Japan 
– not clear how 
or where they 
were recruited 
but the author is 
from 

Collection method: 
Unstimulated 

 
Collection time: 
11am 

 
Collection length: 
Unknown 

 
Collection amount: 
Unknown 

No serum 
measurements 

Mean±SD or SE 

for the average 

sodium-potassium 

ratio in cases and 

controls 

Mean of sodium 

(mEq/L) and 

potassium 

(mEq/L) in cases 

and controls 

No serum 
measurements 

Although the boys 

were apparently 

healthy they had 

the following 

symptoms which 

suggest they are 

in a state of 

nutritional 

dystrophy; 

Ariboflavinotic 

signs, low level of 

None Sodium- 
potassium ratio 
in saliva tends 
to be lower in 
boys with 
nutritional 
dystrophy 
compared to 
those without 
nutritional 
dystrophy 
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 Department of 

Paediatrics in 
Hirosaki 

 
n=29; 
14 cases (with 
Nutritional 
dystrophy) and 
15 controls 

Sodium and 
potassium – 
Unknown amount 
required for 
analysis using 
flame analysis 
using a Shimadzu- 
flame-photometer 

 (calculated 

manually) 

 riboflavin in blood 

and in urine, 

pellagrous skin 

lesions, a 

decrease in 

urinary excretion 

of N-methyl- 

nicotinamide, 
macrocytic 

 No tests were 

conducted to 

see if this was 

significantly 

lower 

   anaemia, a  

   decrease in 
protein bound 

 

   iodine in serum, a  

   decrease in 
albumin and an 

 

   increase in  

   globulins in  

   electrophoretic 
pattern of serum 

 

   and  

   histopathological  

   lesions of the  

   biopsied livers  

Johansson et 

al. (1994) 

Case-control 
study 

 
Children aged 8- 
12 years old, 
were selected 
consecutively 
as they were 
weighed from 

Collection method: 
Unstimulated 
collection by 
drooling & 
Stimulated 
collection by 
chewing 1g of 
paraffin (no time 
gap mentioned 

No serum 
measurements 

Mean±SD (data ln 

transformed and 

according to 

weight for age) for 

total protein, 

sodium, 

potassium, 

calcium, 

phosphate, 

No serum 
measurements 

Weight for age 

assessed using 

Gomez 

classification to 

determine: Severe 

<60%, Moderate 

60- <75%, Mild 

Age and 
sex 

In stimulated 

whole saliva, 

severe/ 

moderate 

malnutrition 

group had 

significantly 

lower average 

concentrations 
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 St. Marys 

School in India 
between the 
collection) 

 chloride in cases 
and controls, 

 75-<90%, Normal 
>90% 

 of calcium and 
chloride 

n=68; 
34 cases 
(severe and 
moderate 
protein energy 
malnutrition) 
and 34 controls 
(mild protein 
energy 
malnutrition and 
normal) 

Collection time: 
9am-1pm 

 
Collection length: 
Unstimulated – 
10 minutes 
Stimulated – 
5 minutes 

 

Collection amount: 
Unknown 

according to 

saliva collection 

method where 

applicable 

Height for age 

assessed using 

Waterlow 

classification to 

determine: Severe 

<85%, Moderate 

85- <90%, Mild 

90-95%, Normal 

>95% 

compared to 

controls – total 

protein, sodium, 

potassium and 

phosphate 

concentrations 

were similar 

(not 

significantly 

different) in 

cases and 

 

Matched 
controls 
according to age 
and sex 

 
No other 
conditions or 
disease except 
protein energy 
malnutrition 

Unstimulated: 
Total protein – 
Coomassie blue 
method 

 

Stimulated: 
Sodium, 
Potassium, 
Calcium, Chloride – 
atomic absorption 
Inorganic 
phosphate – 
spectrophotometer 
Total protein – 
Coomassie blue 
method 

  controls 

In unstimulated 
whole saliva, no 
significant 
difference 
between total 
protein levels in 
cases and 
controls 

Mahadevan 

and Velavan 
Case-control 
study 

Collection method: 
Unstimulated 

No serum 
measurements 

Mean±SD for total 

protein (g/l), 
No serum 
measurements 

No mention of 

method used to 

Age Results suggest 

the possible 

(2013)   

Collection time: 
 albumin (m/dl) 

and transferrin 

 confirm if 

participants were 

 usefulness of 

concentrations 
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 Children (5-15 
years old), 
young people 
(24-32 years 
old) and elderly 
(58-78 years 
old) were 
recruited from 
the area 
Kilavasal 
Thanjavur in 
India 

 
n=155, 47 
children, 67 
young people, 
41 elderly; 
unknown how 
many were 
cases (slum) 
and controls 
(healthy) within 
each age group 

 
Healthy and 
slum subjects 
were matched 
for age 

9-10am 
 

Collection length: 
unknown 

 
Collection amount: 
10ml saliva 

 
Protein – Unknown 
amount required for 
analysis using 
Lowry method 

 

Albumin – 
Unknown amount 
required for 
analysis using 
spectrophotometer 

 
Transferrin – 
Unknown amount 
required for 
analysis using 
method by Wilson 
and Walker 

 (mg/dl) in cases 

and controls 

 malnourished 

(slum) 

 of proteins for 

evaluating 

protein 

nutritional status 

Salivary total 

protein, albumin 

and transferrin 

significantly 

decreased in 

slum 

individuals 

compared to 

healthy 

subjects, 

amongst the 

three age 

groups 

McMurray et 

al. (1977) 

Case-control 
study 

Collection method: 
Unstimulated using 
a sterile soft plastic 
dropper 

Blood was 
collected by 
venepuncture 

Mean±SEM of 

total protein 

(mg/100ml) in 

Mean±SEM of 

total protein 

(g/100ml) in 

Gomez 

classification of 

weight for age 

was used to 

No control 

of any 

potential 

confounder 

No influence of 

malnutrition on 

the levels of 
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Children aged 
1.5-2 years old 
were recruited 
(when samples 
collected) and 
were part of a 2- 
year longitudinal 
study looking at 
the influence of 
malnutrition on 
the immune 
response in 
Columbia, South 
America 

 
n=71;44 Cases 
(Grade I, II and 
III), 
27 Controls 

 
None of the 

children 

exhibited signs 

of marasmus or 

kwashiorkor and 

none were 

seriously ill 

when these 

samples were 
taken 

 

Collection time: 
Two separate 
occasions 2-3 days 
apart and were 
pooled together 

 
Collection length: 
Unknown how long 
saliva collected for 
on each occasion 

 

Collection amount: 
2-4ml saliva 

 
Total protein – 
1-2ul saliva 
required in analysis 
using Lowry 
method 

 

Albumin – unknown 
amount required in 
analysis using low- 
level immuno- 
diffusion plates 
(Hyland) 

Total protein – 
1-2ul saliva 
required in 
analysis using 
Lowry method 

 
Albumin – 

unknown 

amount required 

in analysing 

using human 

serum albumin 

Cohn Fraction V 

method 

cases and 

controls 

No results shown 

for albumin in 

saliva 

cases and 

controls 

Mean±SEM of 

albumin (g/100ml) 

in cases and 

controls 

classify level of 

malnutrition 

s in design 

or analysis 

 

 
Cases and 
controls 
were 
similarly 
distributed 
across the 
three 
nutritional 
groups but 
not 
necessarily 
matched 

albumin or total 

protein in saliva 
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Meurman et 

al. (2002) 

Cross-sectional 
study 

 
Hospitalised 
patients aged 
81.4±5.8(70-96) 
years old of 
those who 
survived and 
82.7±5.7 (70-94) 
years for those 
that died in the 2 
year follow up, 
were previously 
selected from 
199 consecutive 
patients referred 
to the Harjula 
Geriatric 
Hospital, Kuopio 
City Health 
Centre in 
Kuopio, Finland 

 

Outpatients 

aged 76.9±5.6 

(70-95) years, 

were selected 

from the same 

population of 

hospitalised 

patients (>75 

years old) by an 

article in the 

Collection method: 
Stimulated using 
paraffin wax 

 
Collection time: 
1-3pm (1 hour after 
a meal) 

 
Collection length: 
5 minutes 

 
Collection amount: 
Unknown 

 
Total protein – 

Unknown amount 

required for 

analysis using 

Lowry method 

Albumin – 

Unknown amount 

required for 

analysis using 

spectrophotometric 

method (human 

serum albumin 

standards used) 

No serum 
measurements 

Mean±SD of total 

protein (mg/ml), 

albumin (ug/min) 

in hospitalised 

and outpatient 

older adults 

 
Logistic 

regression of 

factors affecting 

higher albumin 

levels; (OR, 95% 

CI, p value) 

No serum 
measurements 

In hospitalised 
patients medical 
records were 
based on a 
physician’s 
examination 

 
In outpatients 
their medical 
history and verbal 
report was 
obtained 

None Total protein 

and albumin and 

albumin output 

concentrations 

were 

significantly 

higher in 

hospitalised 

patients (frail 

elderly) 

compared to 

outpatients 

(p<0.001) 

The strongest 

explanatory 

factors for 

higher than 

median albumin 

concentrations 

were the use of 

analgesics 

(painkiller) in 

the 

hospitalized 

patients and in 

outpatients it 

was retaining 

their own teeth 

In outpatients, 

dentate status, 

old age, and risk 
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 leading local 

newspaper in 

Finland 

n=383; 131 
hospitalised, 
252 outpatients 

      of periodontal 

disease were 

explanatory 

factors for high 

salivary albumin 

concentrations 

Reference data 

for salivary 

albumin in the 

elderly 

Murayama et 

al. (1999) 

Cross-sectional 
study 

 
Older adults 
aged 68-97 
years were 
recruited from 
those that were 
Hospitalised in 
Amamoto 
Hospital in 
Tokyo, Japan – 
no detail on how 
they were 
recruited 

 
n=32 
hospitalised of 
various 
nutritional status 

Collection method: 
Unstimulated by 
using a cotton wool 
swab 

 
Collection time: 
2 hours after 
breakfast 

 

Collection length: 
3-25 minutes 

 

Collection amount: 
Unknown 

 
Total protein – 
unknown amount 
required for 
analysis using 
Biuret method 

 

Albumin and 
prealbumin 

  (transthyretin) –  

Fasting venous 

blood as 

collected in the 

early morning 

from each 

patient 

Total protein – 
unknown 
amount required 
for analysis 
using Biuret 
method 

 

Albumin – 
unknown 
amount required 
for analysis 
using BCG 
method 

 

Prealbumin 
(transthyretin) – 

Mean±SD of total 

protein (mg/L), 

albumin (mg/L) 

and prealbumin 

(ug/L) 

Mean±SD total 

protein (mg/mg), 

albumin (mg/mg) 

and prealbumin 

(ug/mg) all 

adjusted for IgG 

Linear regression 

for: Saliva 

Albumin/IgG / 

serum Albumin, 

Saliva 

prealbumin/ IgG / 

serum prealbumin 

Log linear 

regression for: 

Mean±SD of total 
protein (g/L), 
albumin (g/l) and 
prealbumin (mg/l) 

 
Correlation 
coefficients 
between serum 
biomarkers 

Protein nutritional 

status 

assessment is not 

detailed – only 

gives cut offs in 

serum for the 

number of people 

with 

undernutrition; 

Albumin <35g/l 

n=14 (out of 32) 

Transthyretin 

<200mg/l n=13 

Total protein 
<65g/l n=11 

IgG Salivary 

albumin and 

prealbumin 

concentrations, 

but not total 

protein, 

significantly 

reflected those 

in serum 

levels, after 

adjustment for 

salivary IgG 

(p<0.01) 

Findings 

suggest 

possible 

usefulness of 

protein 

concentrations 

for evaluating 

protein 
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  unknown amount 

required for 
analysis using 
two-site enzyme 

immunoassays 
(more specific 
than Biuret 

unknown 
amount required 
for analysis 
using 
Nephelometry 
method 

Saliva 

Albumin/IgG / 

serum Albumin, 

Saliva 

prealbumin/IgG / 

serum prealbumin 

   nutritional status 

in the elderly 

method)  Correlation 

coefficients 
 

  between saliva 
and serum 

 

  biomarkers  

Watson et al. 

(1977) 

Case-control 
study 

 
Set A children 
followed from 
birth to 21 
months and Set 
B children with a 
mean age of 44 
months were 
recruited from 
two health 
centres (cases 
and controls 
within each 
group) in 
Columbia, South 
America 

 

n=135; 

Collection method: 
Unstimulated 
method using 
sterile soft plastic 
droppers (Set A 
only) 

 

Collection time: 
Unknown 

 
Collection length: 
Unknown 

 
Collection amount: 
Unknown 

 
Albumin – 
Unknown amount 
required for 
analysis using 
bromocresol green 

  method (BCG)  

Only states that 

serum was 

stored at -20C 

Total Protein – 
Unknown 
amount required 
for analysis 
using Lowry 
method 

 
Albumin – 
Unknown 
amount required 
for analysis 
using 
bromocresol 
green method 
(BCG) 

Mean±SEM of 

albumin (mg/dl) in 

set A cases and 

controls 

Total protein 

results not shown 

in table 6 

Mean±SEM of 

total protein 

(mg/dl) and 

albumin (mg/dl) in 

set A and set B 

cases and 

controls 

Determined 

following clinical 

evaluation with a 

standard curve of 

weight and height 

for Columbian 

children adopted 

by the Colombian 

Institute of Family 

Welfare 

Grade III 
classification was 
confirmed by low 
serum total 
protein and 
albumin levels 

None – 
Ethnically 
similar, 
same SES 
backgroun 
d but not 
matched 

Total protein 
and albumin 
levels in saliva 
were not 
significantly 
different 
between 
malnourished 
and controls 

 

No main 
conclusion 
mentioned in 
serum 
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 71 Set A: 44 
cases and 27 
controls; 
64 Set B: 37 
cases and 27 
controls 

 
None were 
seriously ill at 
the time the 
samples were 
taken 

 

Ethnically 
similar, same 
SES 
background but 
not matched 

       

Iron deficiency anaemia 

Aghazadeh et 

al. (2016) 

Case-control 
study 

 
Unknown age 
of participants 
from 
Iran 

 

n=280; 140 
cases 
(anaemic) and 
140 controls 
(healthy) 

Collection method: 
Unknown 

 
Collection time: 
9-11am 

 
Collection length: 
Unknown 

 
Collection amount: 
Unknown 
2cc-2ml 

 

Ferritin – Unknown 
amount required 

  for analysis using a  

Venous blood 
collected from 
cases and 
controls 
5cc-5ml 

 
Ferritin – 
Unknown 
amount 
required for 
analysis using a 
ferritin kit 
(Human Ferritin 
ELISA Kit, 
E1702hu) 

Mean±SD of 

ferritin (ug/dl) in 

cases and 

controls 

Correlation 

analysis between 

salivary and 

serum ferritin in 

cases and 

controls 

Mean±SD of 

ferritin (ng/dl) in 

cases and 

controls 

Venous blood 
collected from 
cases and 
controls to confirm 
who had iron- 
deficiency 
anaemia 

None Salivary ferritin 

significantly 

higher in those 

with iron 

deficiency and 

serum ferritin 

significantly 

lower in those 

with iron 

deficiency 

compared to the 

control group 

(p<0.1) 
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  ferritin kit (Human 

Ferritin ELISA Kit, 
E1702hu) 

     Salivary ferritin 

can be helpful in 

diagnosing iron 

 deficiency 
anaemia, but as 

 it was a 
 descriptive 

 study it did not 
analyse the 

 obtained results 

 and so requires 
further 

 investigation 

Canatan and 
Akdeniz 
(2012) 

Case-control 
study 

 
Children & 
adolescents 
recruited from 
the Department 
of Pediatrics of 
Suleyman 
Demirel 
University in 
Turkey 

 
n=160; 126 
cases (iron 
deficiency 
9.1±2.12 years 
old) and 34 
controls aged 

Collection method: 
Unstimulated using 
the spitting method 

 

Collection time: 
Unknown 

 

Collection length: 
30 minutes 

 

Collection amount: 
Unknown 

 
Ferritin, Iron and 
Iron binding 
capacity – 
Unknown amount 
of saliva for 
analysis using 
assays (Worwood 

Ferritin, Iron and 
Iron binding 
capacity – 
Unknown 
amount of 
serum for 
analysis 
assumed to be 
by assays 
(Worwood paper 
mentions ferritin 
assay) 

Mean±SD of 

ferritin (ng/dl), iron 

(mg/dl) and iron 

binding capacity 

(mg/dl) in cases 

and controls 

Correlations 

between saliva 

and serum ferritin 

and iron 

Mean±SD of 

ferritin (ng/dl), iron 

(mg/dl) and iron 

binding capacity 

(mg/dl) in cases 

and controls 

Does not 
specifically state 
how cases were 
diagnosed with 
iron deficiency or 
iron overload – 
assumed to be by 
the serum 
samples 

Age and 
sex 

Salivary iron 

and ferritin 

levels 

significantly 

decrease, as 

well as in 

serum, in iron 

deficient 

individuals 

(p<0.05) 

Salivary iron 

and ferritin 

levels 

significantly 

increase, as 

well as in 

serum, in 

patients with 
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 10±2.22 years 

old 
Cases and 
controls were 
sex and age 
matched 

paper mentions 
ferritin assay) 

     thalassemia 

(p<0.05) 

Saliva iron 

binding 

capacity was 

  only 
significantly 

  higher in the 

  iron deficiency 

group (p<0.05) 

  Saliva can be 
used for routine 
diagnosis to 
show both iron 
overload and 
iron deficiency 

Jagannathan 
et al. (2012) 

Case-control 
study 

 
Children aged 8- 
14 years old 
were recruited in 
India – not 
stated 
how/where they 
were recruited 

 
n=60; 30 cases 
(mild, moderate 
and severe iron 
deficiency 
anaemia) and 
30 controls 

Collection method: 
Unstimulated by 
spitting method 

 

Collection time: 
Unknown 

 
Collection length: 
2 minutes 

 
Collection amount: 
About 2ml 

 
Ferritin – Unknown 
amount of saliva 
required for 
analysis using a 

Venous blood 

was drawn 

using a 21- 

gauge needle to 

obtain about 

4.5ml of blood 

from both 

groups – placed 

in iron free 

plastic vials 

containing 

EDTA 

 

Ferritin – 

Mean±SD, SEM 

where given for 

ferritin (ng/dl or 

ug/dl – different 

units in paper) in 

cases and 

controls 

Sensitivity, 

specificity, PPV, 

NPV of salivary 

ferritin in patients 

with mild iron 

deficiency 

anaemia 

Mean±SD, SEM 

where given for 

ferritin (ng/dl or 

ug/dl – different 

units in paper) 

and haemoglobin 

in cases and 

controls 

Iron deficiency 
anaemia 
determined 
initially based on 
clinical features 
(sig. pallor of 
conjunctiva, nail 
beds, atrophic 
glossitis) and 
confirmed with a 
haematological 
examination 
(haemoglobin and 
serum ferritin 
levels) using 
WHO cut-off of 
<12.0g/dl 

None Salivary ferritin 

levels were 

significantly 

higher in iron 

deficient 

subjects 

compared to 

controls 

(p<0.001) 

Salivary ferritin 
assay promises 
to be a useful 
tool in the 
detection of iron 
stores and as a 
diagnostic 
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Controls with 
haemoglobin 
>12g/dl and no 
clinical evidence 
of anaemia 

 
Subjects with 
pre-existing 
medical illness 
and on 
medications 
excluded from 
the study 

solid phase 
enzyme-linked 
immunosorbent 
assay technique 
(ELIZA) – 
commercially 
available ferritin kit 
(Orgentec 
Diagnostika GmbH, 
Germany) 

Unknown 
amount of 
serum required 
for analysis 
using an 
enzyme-linked 
immunosorbent 
assay technique 
(ELIZA) – 
(Orgentec 
Diagnostika 
GmbH, 
Germany) 

    marker for IDA – 
highlights the 
potential use of 
saliva as a 
monitoring tool 
for IDA 

Mishra et al. 

(1992) 

Case-control 
study 

Collection method: 
Stimulated method 
using citric acid 

 
Collection time: 
Unknown 

 
Collection length: 
Unknown 

 

Collection amount: 
Unknown 

 
Protein – 1ml of 
saliva added to 
trichloroacetic acid 
and 0.1ml saliva 
then used to 
estimate protein 

Venous blood 

collected via an 

iron-free syringe 

and needles 

through 

venepuncture 

and kept in iron- 

free vials 

Protein – 
unknown how 
much required 
in analysis using 
Biuret method 

 
Iron – unknown 
how much 
required in 
analysis using 
Ramsey 

  methods  

Mean±SD of iron 

(ug/dl) in cases 

and controls 

Mean salivary/ 

serum iron ratio in 

cases and 

controls 

Correlation and 

regression 

coefficients when 

n=50 and 27 for 

salivary and 

serum iron 

Correlation and 

regression 

coefficients when 

Mean±SD of iron 

(ug/dl), 

haemoglobin 

(g/dl), haematocrit 

(%), in cases and 

controls 

Mean±SD of 
serum protein 
(g/dl), albumin 
(g/dl) and iron 
(ug/dl) in those 
with iron 
deficiency 
anaemia, when 
serum albumin 
≤2.5 and ≥2.6 

Blood samples 

used to determine 

if anaemic 

according to 

haemoglobin 

levels; 8 months – 

6 years <11g/dl 

and 6-10 years 

haemoglobin 

<12g/dl 

Age Salivary iron 

significantly 

higher in IDA 

patients 

compared to 

controls 

(p<0.05) 

Salivary iron 

was significantly 

correlated with 

serum iron 

(r=0.7392, 

p<0.001) 

Salivary protein 

was 

significantly 

lower in those 

 
Children aged 8 

 

 months – 10  

 years were 

recruited from 

 

 the Nutrition  

 section of the  

 Department of  

 Pediatrics,  

 Institute of  

 Medical 

Sciences, 

 

 Banaras Hindu  

 University, 

Varanasi, India 

 

 n=50; 40 cases 
(iron deficiency 
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 anaemia) and 

10 controls 
 
Controls in 

same age group 

as cases 

Iron – Unknown 
amount of saliva 
required for all 
analysis using 
modified Hallgren 
methods 

 

Albumin – 
unknown how 
much required 
in analysis using 
Hallgren 
methods 

 
Serum albumin, 
and serum 
protein, were 
estimated only 
in cases of iron 
deficiency 
anaemia 

 

Haemoglobin, 
haematocrit, 
and iron levels 
in serum were 
estimated in all 
the cases 

n= 27 for salivary 

and serum protein 

Correlation and 

regression 

coefficients when 
n=27 for salivary 

   with IDA 
(p<0.001) 

Salivary protein 

was 

significantly 
correlated with 

 Salivary protein 
was estimated only 
in cases of iron 
deficiency anaemia 

protein and serum 

albumin 

Mean±SD of 

serum protein 

(r=0.7489, 

p<0.001) 

  

Haemoglobin, 

haematocrit, and 

iron levels in saliva 

were estimated in 

all the cases 

salivary protein 

and iron in those 

with iron 

deficiency 

anaemia, when 
serum albumin 

 

  ≤2.5 and ≥2.6  

Mukherji et al. 

(1982) 

Case-control 
study 

 

Participants (all 

males) aged 16- 

60 years old 

were recruited; 

cases assumed 

to be from the 

inpatient 
hospital 

Collection method: 
Stimulated 
collection using 
mechanically by 
forced spitting and 
chemically by citric 
acid 

 

Collection time: 
Unknown 

 

Collection length: 
Unknown 

Iron & Iron 
binding capacity 
– unknown 
amount required 
for analysis and 
it is not detailed 
how serum 
measures were 
assessed 

Mean±SD, range 

of salivary sodium 

and potassium 

(mmole/ml) in 

cases and 

controls 

Salivary flow rate 

with mechanical 

and chemical 

stimulation 

Mean±SD, range 

of serum iron and 

total iron binding 

capacity (ug/dl) in 

cases and 

controls 

Those suspected 

of having iron 

deficiency 

anaemia on 

clinical grounds 

were admitted to 

the study if 

haemoglobin 

levels were below 

8G/dl, haematocrit 

below 33% and if 

their peripheral 

Age and 
body 
weight 

No significant 

difference in 

salivary sodium 

or potassium 

between those 

with iron 

deficiency 

anaemia and 

controls (p>0.1) 

Salivary flow 

 department, (ml/min)   rate 
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 34.35(12.75) 

years old and 

 

Collection amount: 
Unknown 

 
Sodium & 
Potassium – 
unknown amount 
required for 
analysis using 
flame photometry 

   blood smears 
showed 

 significantly 

reduced in IDA 

patients 

compared to 

controls (using 

chemical 

stimulation) 

IDA patients had 

significantly 

lower serum 

iron, but higher 

total iron binding 

capacity as 

compared to 

controls 

controls hypochromic 

recruited from 
hospital 

anaemia 

outpatient  

department who  

had minor 
surgical 

 

conditions  

(haemoglobin 
levels >12G/dl), 

 

34.30(12.41)  

years old in 

India 

 

n=38; 19 cases 
(iron deficiency 
anaemia) and 
19 controls 

 

Controls were 
age and body 
weight matched 

 

Osteoporosis and vitamin D 

Higashi et al. 
(2008) 

Intervention 
study and a 
cross-sectional 
study within the 
same paper 

 
Not stated 
where healthy 

Collection method: 
Unstimulated by 
directly collecting 
saliva into a glass 
tube without the 
use of any 
collection devices 

Blood was 
intravenously 
collected 
immediately 
after the 
collection of 
saliva 

Mean±SD of 

salivary 25(OH)D3 

(pg/ml) in males 

and females 

Correlation 

between salivary 

25(OH)D3 and 

Mean±SD of 

serum 25(OH)D3 

(pg/ml) in males 

and females 

Healthy 
volunteers – no 
further detail 
given 

None Reliable ratio 

between the 
serum 
concentration 
and the saliva 
concentration 
(p<0.01) and 

that saliva 



361  

 
 
 
 

 
 volunteers were 

recruited from in 
Japan 

 
N=20; 10 males, 
23-29 years and 
10 females, 21- 
23 years and 
vitamin D 
supplementation 
in 6 participants 

Collection time: 
1pm 

 
Collection length: 
Unknown 

 
Collection amount: 
Unknown 

 
25(OH)D3 – 1ml 
required for 
analysis using the 
one-step solid- 
phase extraction for 
the purification of 
the saliva samples 
and then liquid 
chromatography- 
tandem mass 
spectrometric 
method 

25(OH)D3 – 
unknown 
amount required 
for analysis 
using the 
LC-MS/MS 
method 

serum 25(OH)D3 

levels 

Mean±SD, assay 

precision (inter 

and intra assay) 

   25(OH)D3 assay 
can be a non- 
invasive and 
useful tool for 
the 
assessment of 
vitamin D 
status or 
diagnosis of 
disease caused 
by vitamin D 
deficiency 

 

Before 

administration of 

vitamin D3 

supplementation 

: there was no 

significant 

change in 
25(OH)D3 level, 

    but the level 
    significantly 
    increased after 
    administration 
    for ten days in 

    all volunteers 
(p<0.05) 

Buduneli et 

al. (2008) 

Case-control 
study (cross- 
sectional) 

Collection method: 
Unstimulated 
collection by 
expectoration 
(spitting) 

No serum 
measurements 

Mean ±SD of 

saliva sodium, 

calcium, 

magnesium and 

potassium (ppm) 

No serum 
measurements 

No description of 

osteoporosis 

diagnosis – 

although there is 

None No significant 
effect of long 
term calcium 
plus vitamin D 
supplementatio 
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Recruited cases 

who were 

postmenopausal 

with 

osteoporosis 

who had been 

followed by the 

Endocrinology 

and Metabolism 

Department, 

School of 

Medicine, Ege 

University, for at 

least 3 years 

and controls 

from the School 

of Dentistry in 

Turkey 

 

n=42 females; 

31 cases (with 

osteoporosis), 

18 

Calcium+vitD+ 

alendronate: 

64±5.5 years old 

and 13 

Calcium+vitD: 

54.3±6.2 years 

old and 11 

healthy controls, 

 

Collection time: 
in the morning 
following an 
overnight fast 

 
Collection length: 
Unknown 

 
Collection amount: 
Unknown 

 

Total calcium, 
potassium, 
magnesium and 
sodium – 1ml of 
saliva required for 
analysis using 
atomic absorption 
spectrophotometer 

in cases and 

controls 

detail of the 

supplements 

n with or without 
alendronate 
was found on 
salivary 
electrolyte conc. 
(calcium, 
potassium, 
magnesium & 
sodium) 
in women with 
osteoporosis 
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 49.3±7.3 years 

old 

       

Weight: underweight, normal, overweight, obese 

De Campos et 

al. (2014) 

Case-control 
study (cross- 
sectional) 

 

Children aged 5- 
12 years old 
were recruited 
using a 
convenience 
sample – 
selected from 
public schools in 
Piracicaba, SP, 
in Brazil 

 
n=68; 29 cases 
(overweight and 
obese 
categories) and 
39 controls 
(normal weight) 

Collection method: 
Stimulated 
collection by 
chewing an inert 
material and 
unstimulated 
collection by 
spitting saliva 

 

Collection time: 
Morning time for 
both 

 
Collection length: 
5 minutes for 
unstimulated 
collection 

 
Collection amount: 
Unknown for either 
method 

Samples of the 

same 

biomarkers and 

of known conc. 

were provided 

by Clinical 

Pathology and 

Laboratory 

Medicine to act 

as a standard to 

calibrate the 

automated 

system 

Mean(±SD) of 

Total Protein 

(mg/dl), 

phosphate 

(mg/dl), 

triglycerides 

(mg/dl) and 

calcium (mg/dl) in 

unstimulated and 

stimulated saliva 

of cases and 

controls 

Unstimulated and 

stimulated saliva 

flow (g/min) in 

cases and 

controls 

No serum results Physical 

examination 

involving 

anthropometric 

measurements 

(weight, height, 

waist and arm 

circumference, 

skinfold thickness 

– triceps and 

subscapular, BMI) 

None No significant 

differences in 

any of the 

salivary 

biomarkers were 

found among 

the three weight 

groups 

  
Unknown amount 
of saliva collected 
or required for 
analysis 

      

  
Clinical Chemistry 
Analyser for 

  automated  
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  technique used for 

analysis; 
 

Triglycerides conc. 
– unknown amount 
required for 
analysis using 
enzymatic methods 

 
Total protein, 
phosphate and 
calcium conc. – 
unknown amount 
required for 
analysis using 
colorimetric 
methods 

      

Hartman et al. 
(2016) 

Case-control 
study 
Kuwait 

Collection method: 

Unstimulated 

collection using the 

spitting method (as 

mentioned in 

reference: Goodson 

et al.) 

Collection time: 

assumed to be in 

the morning as in 

≥6-hour fasting 

state 

Collection length: 

average 6.9 

minutes 

No serum 
measurements 

Mean±SD of 

salivary glucose 

(mg/dL) overall 

and in cases and 

controls 

Salivary glucose 

≥1.13mg/dL 

(hyperglycemia) 

overall and in 

cases and 

controls 

Salivary flow rate 

(mL/h) overall and 

in cases and 

controls 

No serum 
measurements 

Categories 

defined by the 

World Health 

Organization 

(WHO) using a 

body mass index 

(BMI) Z score; 

“obese” was ≥95th 

percentile, 

“overweight” was 

≥85th to <95th 

percentile, 

“normal weight” 

was ≥5th to <85th 

percentile, and 

Age, BMI 
and region 

No significant 

differences in 

average salivary 

glucose 

concentration 

between body 

weight 

categories 

Obesity was not 
related to 
elevated 
salivary glucose 
concentration 

 Adolescents    

 aged 9.6 years,    

 2.4 SD enrolled    

 were native    

 Kuwaitis who    

 were in 4th or 
5th grade and 

   

 were    

 approximately 
equally 

   

 distributed    

 among each    

 region    
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 (governorate) of 

Kuwait (138 

schools) 

n=8317, but 
8245 saliva 
samples 
analysed; 193 
underweight 
9.8±0.6 years, 
1791 overweight 
10.0 ±0.7 years, 
2204 obese 
10.1 ±0.7 years 
(cases) and 
4129 normal 
weight 9.9±0.7 
years (controls) 

Collection amount: 

3ml collected 

Glucose – 400 𝜇L 

supernatant stored 

and 30𝜇L required 

for analysis using 

colorimetric/ 

Fluorometric Assay 

Kit and 

fluorescence was 

measured by a 

spectrophotometer 

   “underweight” was 

<5th percentile 

  

Hartman et al. 
(2013) 

Case-control 
study 

 
 

Does not state 
how or where 
children aged 
10.5±1.8 years 
old were 
recruited from in 
Portland, USA 

 
n=77; 15 
overweight 10.5 
years, 1.9 SD, 

Collection method: 
Unstimulated 
saliva mentioned in 
discussion section 
but no further detail 
given 

 

Collection time: 
Unknown 

 

Collection length: 
Unknown 

 
Collection amount: 
Unknown 

Blood sample 

was collected 

under fasting 

conditions 

 

Phosphate – 
100ul used in 
the analysis 
using 
gas 
chromatography 
/ mass 
spectrometry 

Mean±SD of 

salivary 

phosphate (mg/dl) 

overall – results 

for normal, 

overweight and 

obese (p<0.05) – 

not shown in 

text 

Correlation 

coefficients 

between 

phosphate and 

various factors, 

Serum results for 

normal, 

overweight and 

obese (p=0.58) – 

not shown in 

text 

BMI percentile 

was used to 

define children 

into body weight 

categories; 

normal healthy 

weight <85%, 

overweight≥85- 

95% and obese 

≥95% and 

weight was also 

measured 

None Salivary 
phosphate 
significantly 
increased in 
obese children 
compared to 
normal weight, 
without any 
change in 
plasma levels 
provides a 
meaningful early 
marker for 
eventual obesity 
development 
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 26 obese 10.8 
years, 2.5 SD 
(cases) and 36 
normal weight 
9.6 years, 2.4 
SD (controls) 

Phosphate – 
100ul used in the 
analysis using 
gas 
chromatography/ 
mass spectrometry 
and by colorimetric 
method of Stanbio 
Phosphorus Liqui- 
UV test 

 BMI, waist, 

fitness, systolic 

blood pressure, 

diastolic blood 

pressure and 

salivary flow 

   Significant 
correlation 
between BMI 
and phosphate, 
r=0.33 and 
p=0.0032 

Pannunzio et 

al. (2010) 

Case-control 
study (Cross- 
sectional) 

 

Children aged 7- 
10 years old 
were selected – 
schools were 
selected by 
randomised 
electronic draw, 
by which 10% of 
the total number 
of schools in the 
urban area of 
Braganca 
Paulista were 
obtained, 
including one 
state, two 
municipal and 
two private 
schools in Brazil 

Collection method: 
Stimulated 
collection using a 
piece of parafilm 

 

Collection time: 
2-3pm (2 hours 
after lunchtime) 

 
Collection length: 
5 minutes 

 
Collection amount: 
Unknown 

 

Protein – unknown 
amount require for 
analysis using 
Folins phenol 
reagent with bovine 
serum albumin 

 
Calcium and 

phosphate – 

unknown amount 

No serum 

measurements 

Mean±SD of 

salivary 

phosphate 

(ug/mL), calcium 

(mg/dl), fluoride 

(ppm) and protein 

(mg/ml) in cases 

and controls 

No serum 
measurements 

Groups were 

formed according 

to BMI; Cases: 

weight to height 

ratio >110% of the 

50 percentile 

Controls: weight 

to height ratio 

between 90% and 

110% of the 50 

percentile of the 

NCHS and BMI 

≥15 percentile and 
<85 percentile 

Diet intake was 
evaluated by the 
Food Register 
method (no detail 
of this in text) 

None Significant 
alterations in 
salivary 
concentrations 
of overweight 
and obese 
children; 

 

Protein content 
in saliva for 
obese children 
was 
significantly 
higher than 
overweight and 
control children 
(p=0.003) 

 
Phosphate 
concentration in 
both overweight 
and obese 
children was 
significantly 
lower than 
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 n=90; 60 cases 

(overweight and 
obese) and 30 
controls (normal 
weight) 

require for analysis 

using colorimetric 

testing 

Fluoride – unknown 
amount require for 
analysis using 
fluoride selective 
electrode 

     controls 
(p<0.001) 

 
Calcium and 
fluoride levels 
were not 
significantly 
different 
between groups 

Paszynska et 

al. (2018) 

Case-control 
study (cross- 
sectional) 

Collection method: 
Stimulated 
collection by 
chewing paraffin & 
unstimulated 
saliva collection at 
rest (assumed to be 
spitting) 

 

Collection time: 
9-11am 
Collection length: 
15 minutes 
unstimulated and 5 
minutes stimulated 

 

Collection amount: 
Unknown 

Total antioxidant 
status – unknown 
amount required for 
analysis using total 
antioxidant status 
colorimetric assay 
Randox kit 

Blood samples 

(peripheral 

blood) collected 

in tubes without 

anticoagulant by 

venepuncture 

between 8-9am 

– coagulated at 

room temp for 

30 minutes 

Total antioxidant 
status – 
unknown 
amount required 
for analysis 
using total 
antioxidant 
status 
colorimetric 
assay Randox 
kit 

Mean±SD 

(median) of 

salivary total 

Mean±SD 

(median) of serum 

total antioxidant 

A diagnosis of the 

restrictive subtype 

of anorexia 

nervosa, 

confirmed by 2 

independent 

psychiatrists from 

the Department of 

Child and 

Adolescent 

Psychiatry using 

ICD-10 

Age and 
gender 

Anorexic 

patients had 

significant 

reductions in 

TAS and 

increased VASP 

in saliva and 

serum 

Determination of 
TAS and VASP 
in combined 
biological 
material (serum 
and saliva) 
confirmed that 
saliva might be 
a reliable non- 
invasive source 
of information 
for potent 
nutritional 
biomarkers 

 
Adolescents 
assumed to be 
recruited from 
Department of 

antioxidant status 

(mmol/L) for 

cases and 

controls 

status (mmol/L) 

for cases and 

controls 

 

 Child and Unstimulated and   

 Adolescent 

Psychiatry in 

Poland – not 

stimulated flow 

rate (ml/min) for 

cases and 

  

 clear controls   

 Controls 
consisted of 
healthy subjects 
receiving routine 
dental 
procedures in 
the Department 
of Biomaterials 
and 
Experimental 
Dentistry in 

  Poland  
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n=90 girls; 30 

cases (anorexia 

nervosa), 

15.3±1.66 years 

and 60 controls 

with 30 serum 

and 30 saliva, 

15.9±1.6 years 

 
Subjects matched 

by age and 

gender and had 

no other medical 

conditions 

 

Exclusion criteria 

for both groups 

included: systemic 

diseases and 

other psychiatric 

disorders, 

pregnancy, 

smoking, 

periodontal 

inflammation, 

and the use of 

any drugs that 

might affect 

saliva secretion 
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Szabo et al. 
(1988) 

Case-control 
study 

 
Assumed that 
cases and 
controls were 
recruited from 
Department of 
Pediatrics as 
researchers 
were from in 
Romania 
– does not 
clearly state this 

 
n=32; 16 cases 
(dysmature 
infants), 4.8±1.8 
months and 16 
controls (normal 
weight), 4.7± 1.4 
months 

 

Similar ages but 
not matched 

Collection method: 
Unstimulated 
collection by using 
cotton plugs 

 
Collection time: 
Unknown 

 
Collection length: 
Unknown 

 
Collection amount: 
Unknown 

Albumin & 

Transferrin – 

Unknown amount 

required for 

analysis using 

unknown methods 

(did not clearly 

state how saliva 

samples were 

analysed) 

Serum was 

obtained from 

clotted blood 

taken from a 

cephalic or 

forearm vein 

Albumin, 

Transferrin & 

lipoprotein – 

unknown 

amount required 

for analysis 

using single 

radial 

immunodiffusion 

Mean±SE of 

salivary albumin 

and salivary 

transferrin, 

secreted salivary 

transferrin and 

filtered salivary 

transferrin (mg/dl) 

in cases and 

controls 

Mean±SE of 

serum albumin 

and transferrin 

(mg/dl) in cases 

and controls 

Somatic naturity 
was approximated 
on basis of 
nutritional status, 
cephalic and 
thoracic perimeter 
and the ponderal 
index 

None Salivary albumin 
(and filtered 
transferrin 
fraction) were 
significantly 
higher in 
dysmature 
babies as 
compared to 
controls 
(p<0.02), whilst 
secreted 
salivary 
transferrin was 
significantly 
elevated in 
controls 
(p<0.001) 

 
However 
salivary 
transferrin was 
not 
significantly 
different 
between 
dysmature 
infants and 
controls (p>0.1) 

 
Dysmature 
children had 
significantly 
lower serum 

  albumin  
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        (p<0.02) and 

transferrin 
compared to 
controls 
(p<0.05) 

Vors et al. 

(2015) 
Case-control 
study 

Collection method: 
Stimulated using 
parafilm 

 
Collection time: 
Assumed to be the 
morning as it was 
collected after a 10 
hour overnight fast 

 

Collection length: 
5 minutes 

 
Collection amount: 
Unknown 

and amount 

required for 

analysis 

Protein – Bradford 

protein assay 

Total antioxidant 

status – antioxidant 

assay kit 

Blood samples 

were collected 

during 8 hours, 

at baseline and 

at regular 

intervals after 

the meal from 

an antecubital 

arm vein 

through a 

catheter and 

collected into 

evacuated 

sterile tubes 

(with EDTA 

when 

necessary) – 

plasma 

separated by 

ultra- 

centrifugation 

Plasma analysis 
not detailed in 
paper but 
mentioned in 
reference (Vors 
et al., 2013) – 

Mean±SEM for 
salivary lipolysis 

Plasma 
postprandial 

Dietary intake was 
looked at by 

None Under fasting 

conditions, 

salivary lipolysis 

was 

significantly 

lower in obese 

subjects 

compared to 

normal weight 

subjects, 

whereas 

proteolysis was 

significantly 

higher 

Potential role of 
salivary 
composition on 
postprandial 
lipid metabolism 
– sensitivity to 
dietary fat oral 
income 

 
Results not 
clear regarding 
total antioxidant 
status 

 
Adults involved 

in this study 

were those of 

the Lipinflox 

study 

(randomised 

crossover study, 
n=20 completed 

and proteolysis 

(mU/ml) in cases 

and controls 

accumulation of 

C-fatty acids after 

breakfast 

(umol/L/min) 

consuming a test 

breakfast with 40g 

of spread fat 

containing 13C- 

triacylglycerol 

tracers, with 50 g 

of bread and 200 

ml of skim milk 

 

 the study, where 

one subject in 

  Metabolic test 

was divided into 
 

 each group was   different  

 not included in 

the data 

  postprandial 

periods: 0–300 
 

 analyses   min post  

 because of 

abnormal 

  breakfast, 300– 

480 min (post 
 

 postprandial   standardized  

 lipid   lunch), Entire day  

 metabolism, 

n=18) in France 

  (0–480 min)  

 n=18 men; 9     

 cases (Obese),     

 30.2±2.2 years 

and 9 controls 
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 (Normal) 28.3 

±1.4 years 

Proteolysis – Pierce 

Fluorescent Assay 

kit 

Lipolysis – painless 

tape stripping 

technique with a 

sensitive plate 

assay analysis 

Analysis methods 

are stated in 

references 

(Mounayar et al., 

2013 and Neyraud 

et al., 2012) 

CMRF TAGs 
and plasma 
non-esterified 
acid 
concentrations 
using enzymatic 
methods and 
13C-fatty acids 
measured after 
direct 
methylation 

     

Type 2 Diabetes 

Abikshyeet et 

al. (2012) 

Case-control 
study 

 
Cases and 
controls aged 
36-65 years old 
were recruited 
from those who 
attended the 
diabetic clinic 
and the 
outpatient 
department of 
Mahatma 
Gandhi 
Postgraduate 
Institute of 

Collection method: 

Unstimulated by 

spitting pooled 

saliva in to a sterile 

sample container 

Collection time: 

morning after an 8 

hour fast 

Collection length: 

10 minutes 

Collection amount: 

unknown 

5 mL venous 
blood was 
collected, 2 mL 
of which was 
collected in an 
ethylenediamine 
tetraacetic acid 
(EDTA)- 
containing blood 
collection tube 
and stored 

 
Glucose – 
Unknown 
amount required 
for analysis 
using glucose 

Mean(SD),range 
of salivary 
glucose (mg/dl) in 
cases and 
controls 

 
Correlation 

between salivary 

and serum 

glucose in 

controls and 

cases 

Correlation 

between HbA1c 

Mean(SD),range 
of serum glucose 
(mg/dl) in cases 
and controls 

 
Overall 
mean(SD),range 
of HbA1c in cases 
and controls 

Not clear how 

cases with newly 

diagnosed non- 

insulin-

dependent (type 

2) diabetes 

mellitus was 

established – 

assumed to be at 

the clinic 

None Fasting salivary 
glucose values 
were 
significantly 
higher among 
diabetics than in 
the controls 
(p<0.01) 

 

Significant 
positive 
correlations 
between 
salivary glucose 
level and serum 
glucose level in 
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 Dental 
Sciences, India 

 
n=121; 106 
cases (type 2 
diabetics divided 
into 3 age 
groups) and 15 
healthy controls 

Glucose – 
Unknown amount 
required for 
analysis using 
glucose oxidase- 
peroxidase method 

oxidase- 
peroxidase 
method 

and salivary 

glucose 

Salivary glucose 

according to 

serum glucose 

level (mg/dL) 

Salivary glucose 

(mg/dL) according 

to HbA1c level 

   cases and 
controls 

 
Fasting salivary 
glucose level 
can be used as 
a non-invasive 
diagnostic, as 
well as a 
monitoring tool 
to assess the 
glycemic status 
of diabetes 
mellitus patients 

Al-Rawi 

(2011) 

Case-control 
study 

 
Both cases and 
controls 
recruited during 
routine medical 
care visits from 
an outpatient 
diabetic clinic at 
Al-Diwaniya 
hospital in Iraq, 
United Arab 
Emirates 

 
n=50; 25 cases, 
54±7 years old 
(type 2 
diabetes) and 
25 controls, 
50±6 years old 

Collection method: 

Unstimulated by 

expectoration 

(spitting method) 

Collection time: 

morning after an 

overnight fast 

Collection length: 5 

minutes 

Collection amount: 

Unknown 

Total cholesterol, 
Triglycerides, HDL- 
Cholesterol, LDL- 
Cholesterol & 
VLDL-Cholesterol – 

Venous blood 

samples were 

taken from each 

patient with 

diabetes 

mellitus 

Total 
cholesterol, 
Triglycerides, 
HDL- 
Cholesterol, 
LDL-Cholesterol 
& VLDL- 
Cholesterol – 
Unknown 
amount required 
for analysis 
using 
enzymatic 
methods 

Mean(SD), range 

of Total 

cholesterol, 

Triglycerides, 

HDL-Cholesterol, 

LDL-Cholesterol 

& VLDL- 

Cholesterol 

(mmol/l) in cases 

and controls 

Correlations 

among saliva 

parameters 

Correlation 

between saliva 

and serum 

parameters in 

diabetics 

Mean(SD), range 

of Total 

cholesterol, 

Triglycerides, 

HDL-Cholesterol, 

LDL-Cholesterol 

& VLDL- 

Cholesterol 

(mmol/l) in cases 

and controls 

Correlations 

among serum 

parameters 

Diabetes status 
was those treated 
with stable doses 
of oral 
hypoglycaemic 
agents and 
medical records 
were checked 

Age and 
sex 

Significant 

difference 

between cases 

and controls for 

the different 

salivary lipids 

(p<0.001); 

In both saliva 

and serum, 

cholesterol and 

triglycerides 

levels were 

significantly 

increased in 

diabetics 

compared to 

controls AND 

LDL-C and 

VLDL-C 
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Age and sex 
matched 
controls 

 

Excluded 

anyone with any 

other systemic 

and/or local 

diseases that 

may affect the 

parameters 

examined in the 

study – anyone 

with signs or 

symptoms of 

any active oral 

inflammation, 

advanced 

periodontitis or 

severe gingivitis 

Unknown amount 
required for 
analysis using 
enzymatic methods 

significantly 

increased and 

HDL-C 

significantly 

decreased in 

diabetics 

compared to 

controls 

Significant 

correlations 

between 

salivary and 

serum 

parameters 

(p<0.05); 

salivary 

triglyceride had 

a significant 

direct 

relationship with 

serum VLDL-C 

and a significant 

inverse 

relationship with 

serum HDL-C (p 

< 0.05) 

A state of 
systemic 
dyslipidaemia 
and serum 
composition is 

  reflected in the  
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        saliva 
composition in 
diabetic patients 

Al-Zahawi et 

al. (2012) 

Case-control 
study 

 

Participants 

aged 40-60 

years old, 

were all 

recruited from 

those who 

attended the 

Layla Kassim 

Health Centre in 

Erbil City, Iraq 

n=90; 60 cases 
(uncontrolled 
and controlled 
diabetes) and 
30 healthy 
controls 

Collection method: 

Unstimulated 

method by spitting 

saliva produced 

into a graduated 

test tube, through a 

glass funnel 

Collection time: 9- 

11am (at least 2 

hours after 

breakfast) 

Collection length: 5 

minutes 

Collection amount: 

Unknown 

Total proteins – 
0.02ml required for 
analysis using a 
BIOLABO SA kit 
(biuret method)and 
spectrophotometer 
(02160 MAIZY- 
FRANCE) 

 

Glucose – 0.01ml 
required for 
analysis using a 

  BIOLABO SA kit  

No serum 
measurements 

Mean±SE of 
salivary total 
protein (mg/dl) 
and glucose 
(mg/dl), in males 
and females who 
had controlled 
and uncontrolled 
diabetes and 
controls 

 

Unstimulated 
salivary flow 
(ml/min) in males 
and females who 
had controlled 
and uncontrolled 
diabetes and 
controls 

No serum 
measurements 

In diabetics 

groups fasting 

(<140 controlled 

and ≥uncontrolled 

diabetes) and 

post-meal (<200 

controlled and ≥ 

200 uncontrolled) 

blood glucose 

levels were 

evaluated and 

random blood 

glucose tests 

were performed in 

order to confirm 

non-diabetics 

HbA1c kit was 

used for 

identification 

between 

controlled and 

uncontrolled 

diabetic patients 

None – 
however 
similar ratio 
of males to 
females 

Significant 
differences 
between 
glucose levels 
in healthy 
subjects and 
cases (p=0.00) 
– glucose 
significantly 
higher in 
controlled and 
uncontrolled 
diabetics 
compared to 
controls 

 

No significant 
differences 
between 
salivary total 
proteins in all 
groups 

 
No correlation 
as no serum 
measurements 
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  and 

spectrophotometer 
(GLUCOSE GOD- 
POD Trinder 
reaction -FRANCE) 

      

Amer et al. 

(2001) 

Case-control 
study 

 
Cases were 

recruited from 

the Diabetic 

Collection method: 

Unstimulated saliva 

collected – not 

stated how 

Collection time: 

unknown 

Collection length: 

unknown 

Collection amount: 

unknown 

Glucose – 
Unknown amount 
required for 
analysis using 
enzymatic 
colorimetric test kit, 
GOD-PAP 
(Plasmatec, U.K.) 

Blood was 
collected in the 
resting condition 

 
Glucose – 
Unknown 
amount required 
for analysis 
using enzymatic 
colorimetric test 
kit, GOD-PAP 
(Plasmatec, 
U.K.) 

Correlation 
between salivary 
and serum 
glucose in cases 

Correlation 

between serum 

glucose and 

HbA1c in cases 

Diabetes status 

was assumed to 

be confirmed with 

the use of the 

HbA1c level using 

two channelled 

test kit BM 

(Boehringer 

Mannheim, 

Germany) (n=25) 

Age Positive 
correlation 
between 
salivary and 
serum glucose 
concentration 
among the 
diabetics 
(r=0.78) (no p 
value stated) 

 
Suggests 
that saliva can 
be used reliably 
for reflecting 
and monitoring 
the blood 
glucose 
concentration in 
the patients of 
diabetes 
mellitus (none 
detected in 
controls) 

 
Presence of 
glucose in the 
saliva of the 
diabetics 

  probably reflects  

 OPD Clinic of    

 the Liaquat 

National 

   

 Hospital,    

 Karachi,    

 Pakistan – Not 

clear if controls 

   

 were recruited    

 from the same 

clinic or 

   

 population    

 n=160; 135 
cases (type 2 
diabetes), 35-50 
years old and 
25 healthy 
controls, 35-45 
years old 

   

 
Age matched 
controls 
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        the high serum 
glucose 
concentrations 

Aydin et al. 

(2007) 

Case-control 
study 

 

Cases were 
those who had 
been referred by 
the 
Endocrinology 
Service of the 
Firat Medical 
Center, Elazig, 
Turkey 
– Not clear 

where controls 

recruited from 

but assumed to 

be the same 

clinic as cases 

n=62; 40 cases 
(20 obese type 
2 diabetics, 
47±7 years old 
and 20 non- 
obese type 2 
diabetics, 
48±8.5 years 
old) and 22 
healthy controls, 
49±8.8 years old 

Collection method: 

Unstimulated 

drooling method by 

bending their heads 

forward and 

allowing saliva to 

flow into an ice- 

chilled sterile 

container bearing 

the appropriate 

preservatives 

Collection time: 

8am (after an 

overnight fast and 

before breakfast) 

Collection length: 5 

minutes 

Collection amount: 

5ml saliva collected 

Total protein – 
unknown amount 
required for 
analysis using the 
Bradford method 

 
Glucose – 200ul 
required for glucose 

  estimation using  

No serum 
measurements 

Mean and SD 

(presumed to be 

mean SD as 

that’s what’s in 

the table above) 

of salivary total 

protein (g/min), 

glucose 

(mg/ml/min) and 

flow rate (ml/min) 

in cases and 

controls 

No serum 
measurements 

Diagnosis of type 

2 diabetes 

mellitus was 

based on the 

criteria of the 

American 

Diabetes 

Association 

None Glucose levels 
was 
significantly 
higher in 
diabetic patients 
than in controls, 
whereas total 
proteins did not 
differ  among 
the groups 
(p<0.05) 

 

These 
alterations may 
have a causal 
role in the 
developments 
and severity of 
disease 

 
No correlation 
as no serum 
measurements 
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  the Glucose- 
oxidase method 

      

Carramolino- 

Cuellar et al. 

(2017) 

Case-control 
study (cross- 
sectional) 

 

Conducted in 
the Departments 
of Stomatology 
and 
Endocrinology 
(Dr. Peset 
University 
Hospital 
Valencia, 
Spain); Cases 
were those with 
type 2 diabetes 
who were 
randomly 
recruited among 
the diabetic 
patients seen in 
the hospital and 
Controls were 
non-diabetic 
individuals 
accompanying 
the mentioned 
patients, though 
with no kinship 
between them 

 
n=93; 47 cases 
(type 2 diabetes, 

Collection method: 

Unstimulated saliva 

collected under 

resting conditions 

and stimulated 

saliva collected by 

chewing paraffin 

tablets 

Collection time: 

morning time after 

at least 10 hours 

fasting 

Collection length: 

accumulated saliva 

was decanted each 

min. for a total of 5 

min, into a funnel 

connected to a 

milli-metered glass 

tube (not clear 

which method) 

Collection amount: 

Unknown 

Glucose – unknown 
amount of saliva 
required for 
analysis using 
glucose oxidase 

  technique (Trinder  

No detail on 

how blood was 

collected 

Glucose – 
unknown 
amount of saliva 
required for 
analysis using 
glucose oxidase 
technique 
(Trinder 
GOD-POD 
Spinreact®, 
Gerona, Spain) 

Mean±SD of 

unstimulated and 

stimulated 

salivary glucose 

(mg/dL) at 

baseline and 

postprandial in 

cases and 

controls 

Correlation 

between salivary 

and serum 

glucose levels at 

baseline in 

unstimulated 

saliva and 

postprandial in 

stimulated saliva 

in overall sample 

Simple linear 

regression to 

predict serum 

glucose from 

salivary glucose 

No specific results 
shown except 
correlations with 
saliva 

Diabetic 

individuals were 

required to have a 

glycosylated 

hemoglobin 

(HbA1c) 

concentration of 

≤8%, with 

treatment limited 

to oral antidiabetic 

drugs (acceptable 

metabolic control) 

Age and 
gender 

Significant 
increase in 
salivary glucose 
levels in the 
type 2 diabetic 
patients versus 
the controls, 
both at baseline 
and following 
the test meal 

 

Significant 
correlations 
between 
salivary and 
serum glucose 
at baseline 
(unstimulated 
particularly in 
the diabetic 
group) p=0.002 
and post- 
prandial 
(stimulated) 
p=0.003 
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 61±6 years old) 

and 46 healthy 
controls, 
59.4±5.2 years 
old 

 
Controls were 
age and gender 
matched 

GOD-POD 
Spinreact®, 
Gerona, Spain) 

      

Dodds et al. 

(1997) 

Case-control 
study 

 
Cases were 

diabetic subjects 

referred to the 

outpatient 
diabetes 

Collection method: 

Unstimulated 

collection by the 

spitting method and 

stimulated parotid 

collection by using 

citric acid 

Collection time: 

unknown 

Collection length: 

unstimulated 

collection for 5 

minutes & 

stimulated parotid 

collection for 5 

minutes (or until 

1.5ml collected) 

Collection amount: 

At least 1.5ml of 

saliva collected 

Fasting blood 

glucose levels 

(2 hour) were 

determined with 

a finger-stick 

method and 

blood glucose 

monitor 

Mean±SEM of 

stimulated parotid 

salivary protein 

(mg/ml) in cases 

and controls 

overall and for 4 

visits 

(4 visits – Not 

clear if the four 

visits results are 

for cases or 

controls or both) 

Salivary flow rate 

in unstimulated 

and stimulated 

saliva in cases 

and controls 

(ml/min) 

Mean±SEM of 

blood glucose 

(n=219) (mg/ml) 

in cases and 

controls overall 

and for 4 visits 

Diabetes status 

was medically 

confirmed by a 

diagnoses of 

NIDDM and poor 

glycemic control 
from the medical 

faculty at the 

University Clinic – 

all were taking 

oral hypoglycemic 

medications or 

were controlled by 

diet 

Non-diabetics 

were confirmed by 

blood glucose 

determination 

(indicator of 

diabetic control) 

Age and 
sex 

No significant 
differences in 
the overall 
protein profile 
(whole 
unstimulated 
and stimulated 
parotid flow 
rates) of saliva 
between 
diabetic 
and nondiabetic 

control groups 

 educational   

 program either   

 because they 
had a new 

  

 diagnosis or had   

 poorly controlled 
NIDDM (type 2) 

  

 and controls   

 were subjects   

 who were part of 
another ongoing 

  

 study with   

 identical 
collecting 

  

 procedures who   

 were recruited in   



380  

 
 
 
 

 
 the Mexican 

Americans, 

North America 

Unknown amount 
required for 
analysis 

      

n=81; 45 cases 
(type 2 
diabetes), 
50.5±1.5 years 
old and 36 
controls 
55.2±1.7 years 
old 

Protein – only 
stimulated saliva 
samples, unknown 
amount required for 
analysis using 
High-performance 
liquid 
chromatography to 

 quantitatively 

When controls 

were required 

they were age 

and sex 

matched 

determine the 

amounts of major 

protein components 

The protein 

concentration of the 

 parotid saliva 
samples was 

 determined by 
 absorption at 

 215nm with bovine 
serum albumin as 

 standard 

Hegde et al. 

(2010) 

Case-control 
study 

 
Conducted at 

Kasturba 

Medical College 

Mangalore in 

Collection method: 

Unstimulated whole 

saliva was collected 

into clean fluoride 

bottles 

None stated Mean±SD of 

salivary glucose 

and antioxidant 

activity (no units) 

in cases and 

controls 

Results for this 

were obtained 

from medical 

records for fasting 

plasma glucose 

Diabetes status 

was checked by 

using the Medical 

Record 

Department for 

the fasting plasma 

glucose values 

Age Salivary glucose 

levels did not 

differ between 

the diabetics 

and controls 
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India – Cases 

and controls 

were recruited 

from those who 

attended the 

‘Diabetic club’ 

with type 2 

diabetes, and 

those without 

respectively, 

who came for 

their monthly 

FPG check 

 

n=47; 26 cases 
(type 2 
diabetics) and 
21 controls – 
no age stated 

 

Age matched 
controls 

Collection time: 

Unknown 

Collection length: 2 

minutes 

Collection amount: 

unknown 

Glucose – 

Unknown amount 

required for 

analysis using 

Glucose Oxidase 

Peroxidase method 

(commercially 

available kit) 

Total antioxidant 
activity (AOA) – 
Unknown amount 
required for 
analysis using 
inhibition of ferric 
reducing ability 
(FRAP) assay 

Correlation 

between salivary 

glucose and 

fasting plasma 

glucose in cases 

and controls 

and duration of 

the disease at 

Kasturba Medical 

College Hospital 

(KMCH), Attavar 

FPG levels 
show 
significant 
positive 
correlation to 
the salivary 
glucose (r = 
0.410) and MDA 
(r = 0.562) 
levels of diabetic 
group 

 
Significantly 

elevated 

antioxidant 

activity in 

diabetes group 

compared to 

controls 

A significant 
positive 
correlation was 
seen between 
salivary glucose 
and MDA levels 
only in controls ( 
r = 0.614) 

 
The use of 
salivary glucose 
as the only tool 
for evaluating 
glycaemic status 

  is debatable  
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        and 

conventional 
marker like 
fasting plasma 
glucose is a 
better indicator 
of glycaemic 
status 

Lasisi et al. 

(2012) 

Case-control 
study 

 
Cases were 

consecutive 

diabetic patients 
attending the 

Collection method: 

Unstimulated using 

spitting method 

Collection time: 8- 

9am 

Collection length: 

10 minutes 

Collection amount: 

unknown 

Total protein – 

Unknown amount 

required for 

analysis using 

colorimetric 

methods with the 

use of Helios 

spectrophotometer 

by reading samples 

at 720nm 

Salivary potassium, 
sodium and calcium 
– Unknown 

No serum 
measurements 

Assumed to be 
mean±SD of 
salivary calcium 
(mg/dL), sodium 
(mmol/L), 
potassium 
(mmol/L), chloride 
(mmol/L), 
bicarbonates 
(mmol/L), total 
protein (mg/dL) 
and glucose 
(mg/dL) in cases 
and controls 

No serum 
measurements 

Does not state 
how diabetes 
status was 
confirmed – 
assumed to be 
based on results 
from the clinic 

Age and 
sex 

Mean salivary 
potassium and 
salivary glucose 
levels were 
significantly 
elevated in 
diabetic subjects 
when compared 
with non- 
diabetic subjects 
(p=0.01 and 
0.002 
respectively) 

 
The salivary 
total protein 
level in diabetic 
patients was not 
significantly 
different from 
that of non- 
diabetic 
individuals 

 

No significant 
difference in 
salivary 

 Endocrine Unit 
of the Medical 

    

 Out Patients     

 Department, 
University 

    

 College     

 Hospital,     

 Ibadan, while     

 controls were     

 members of the     

 University of 
Ibadan 

    

 community in     

 Nigeria     

 N=40; 
20 cases; 
58.4±10.6 years 
(type 2 
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 diabetics) and 
20 controls; 
50.2±9.2 years 
(non-diabetic 
subjects) 

 
Age and sex 
matched 
controls 

amount required for 
analysis using 
flame emission 
spectrophotometry 

 
Salivary chloride – 
Unknown amount 
required for 
analysis using 
Schales method of 
mercuric nitrate 

 

Salivary glucose – 
Unknown amount 
required for 
analysis using 
glucose oxidase 
method using 4- 
Aminophenazone 
as oxygen acceptor 

     concentrations 
of calcium, 
sodium, chloride 
and bicarbonate 
in saliva of 
diabetic patients 
compared with 
non-diabetic 
controls 

 
No correlation 
as no serum 
measurements 

Lima-Aragao 
et al. (2016) 

Case-control 
study 

 
Convenience 

sampling was 

used to recruit 

subjects from 

the Diabetes 

Program in 

Maranhao, 

Brazil 

n=127; 88 
cases, 18-84 
years old 

Collection method: 

Unstimulated using 

spitting method 

into a sterile flask 

Collection time: 
assumed to be 
morning time as 
subjects had fasted 

 
Collection length: 5 
minutes 

 
Collection amount: 

No detail in the 

methods 

regarding blood 

glucose levels - 

but yet results 

mentioned 

Mean±SD of 

salivary glucose, 

calcium and total 

protein (mg/dL) in 

cases and 

controls 

Sensitivity and 

specificity – 

Diagnostic test 

was defined as 

positive when 

alterations in at 

least four 

Mean±SD of 

blood glucose 

(mg/dL) in cases 

and controls 

Cases have a 

previous 

diagnosis of 

diabetes – does 

not state how this 

was confirmed 

Age and 

sex 

– however 

discussion 

mentioned 

that there 

was an age 

difference 

between 

cases and 

controls 

Glucose 

(p=0.01) and 

calcium 

(p=0.0004) 

levels were 

significantly 

higher in 

diabetic 

patients, whilst 

total protein was 

significantly 

lower 

(p=0.0001) in 

diabetic patients 
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 (type 1 and 2 

diabetes) and 
39 controls, 19- 
50 years old 

Unknown 

Glucose, Total 

protein & Calcium – 
Unknown amount 

 parameters (other 

biomarkers data 

not extracted) 

Area under the 

   compared to 

controls 

No positive 

correlation was 

Age and sex 
matched 
controls 

required for 

analysis using 

colorimetric 

curve for salivary 

parameters 

glucose, total 

observed 

between blood 

and salivary 
 methods (Glucose protein and glucose levels in 

 oxidase-peroxidase 

method) 

calcium in 

diabetic patients 

cases or 

controls 

   Some salivary 
biomarkers 
were found 
useful to 
classify an 
adult as 
diabetic and 
suggests the 
use of saliva as 
an alternative 
fluid to monitor 
patients with 
diabetes 
mellitus 

Lopez et al. 

(2003) 

Case-control 
study 

Collection method: 

Unstimulated saliva 

No serum 
measurements 

Mean±SD of 

salivary glucose, 

No serum 
measurements 

Diabetes mellitus 

confirmation was 

None Total sugars, 

glucose, total 

  

Cases were 

selected from 

those who were 

admitted to the 

Endocrinology 

was collected with 

a sterile syringe, 

avoiding contact 

with the epithelia 

Collection time: 

morning time 8 

 sugars, calcium 

and protein 

(mg/dl) in cases 

and controls for 

overall, males and 

females 

 not stated – 

assumed to be 

because all 

treated with 

human insulin and 

perhaps 

 proteins were 

greater in 

diabetic 

patients than 

controls, while 

calcium values 
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Service in 

Hospital in 

Argentina – not 

stated where 

controls were 

recruited 

n=41; 20 cases, 
3-15 years old 
and 21 controls, 
5-12 years old 

hours after eating, 

except for 3 

patients with 2 

hours of fasting 

Collection length: 5 

minutes 

Collection amount: 

Unknown 

Total proteins – 
200ul saliva 
required using 
Biuret method 

 
Total sugars – 

unknown amount 

required for 

analysis using 

Phenol Sulfuric 

method 

Glucose – 100ul 

saliva required 

using glucose- 

oxidase method 

Calcium – unknown 
amount required for 
analysis using 
colorimetric 
complex 

Discrimination 

analysis for the 

correct 

classification of 

diabetes using 

salivary 

parameters in 

cases and 

controls 

(sensitivity and 

specificity) 

confirmed at the 

Endocrinology 

clinic 

were decreased 
(no p values) 

The use of total 

sugars, calcium, 

glucose and 

total proteins in 

discriminatory 

analysis were 

able to 

characterise 

almost 90% of 

children as 

diabetic or non- 

diabetic 

Salivary 

biochemical 

parameters 

could be 

considered 

when 

classifying/ 

diagnosing a 

child as diabetic 

No correlation 
as no serum 
measurements 
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  No commercial kits 

for salivary 

determinations 

were available for 

the authors 

      

Mahdavi et al. 

(2012) 

Case-control 
study 
(Cross 
sectional) 

 
Patients aged 

25-50 years old 

were referred to 

central 
laboratory of 

Yazd, Iran by 

Collection method: 

Unstimulated 

Collection time: 

8am in a fasting 

state 

Collection length: 5 

minutes 

Collection amount: 

Unknown 

Glucose – mentions 
100 landa saliva 
used in analysis by 
Glucose 
oxidase/ 

peroxidase method 

(Biosystems S.A. 

Costa Brava30, 

Barcelona, Spain) 

and 

spectrophotometer 

In a fasting state 

at 8am the 

blood sample 

was taken from 

both groups 

Glucose – 
mentions 100 
landa saliva 
used in analysis 
by GOD-PAP 
method (glucose 
Liquicolor kit, 
Germany) 
and 
spectrophotome 
ter 

Mean salivary 
glucose (mg/dl) in 
cases and 
controls 

 
Correlation 

between salivary 

and plasma 

glucose in cases 

and controls 

Correlation 

between salivary 

glucose and 

HbA1c in cases 

and controls 

Fasting plasma 

glucose (mg/dL) 

in cases and 

controls 

Diabetes status 

confirmed by 

checking medical 

history and a 

positive history of 

established 

diabetes type2 i.e. 

GTT≥200 mg/dl, 

FPG≥126mg/dl, 

BS≥200 mg/dl 

None Salivary glucose 
levels, as well 
as fasting 
plasma glucose 
levels. were 
significantly 
higher in type 2 
diabetics 
compared to 
controls 
(p<0.0001) 

 

Significant 
linear 
relationship 
between fasting 
plasma glucose 
and fasting 
salivary glucose 
in cases and 
controls 
(p=0.0001) and 
a strong 
correlation 
between HbA1C 
and fasting 
salivary glucose 
in cases 

  (p=0.0001)  

 their physician 

in order to 

   

 measure FPG    

 and HbA1C-    

 study subjects    

 were selected 

after taking 

demographic 

   

 data and 

medical history   
   

 n=99; 52 cases 
(type 2 
diabetes) and 
47 controls 
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Results suggest 

that salivary 

glucose 

evaluation as an 

alternative 

method to 

evaluate diabetes 

control 
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Manjrekar et 

al. (2012) 

Case-control 
study 
(Cross 
sectional) 

 
Conducted at 

the Clinical 

Biochemistry 

laboratory of 

Kasturba 

Medical College 

Hospital 

[KMCH], 

Ambedkar 

circle, 

Mangalore, over 

a period of 6 

months in India 

 

n=66 (3 groups) 
Group 1: 23 
healthy controls, 
39.1±1 years, 
Group 2: 20 
controls with 
non-diabetic 
relatives, 
38.4±7.4 years, 
Group 3: 23 
type 2 diabetics, 
60.2±10.3 years 

Collection method: 

whole unstimulated 

saliva collected by 

unknown method 

Collection time: 

overnight fast of 10 

hours so assumed 

to be in the morning 

Collection length: 

unknown 

Collection amount: 

Unknown 

Proteins – unknown 

amount required for 

analysis using 

Lowry method 

Glucose – unknown 
amount required for 
analysis using a 
spectro- 
photometrical 
method 
by the GOD/POD 

method 

After an 

overnight fast of 

about 10 hours, 

blood was 

drawn from the 

ante-cubital vein 

and it was 

collected in 

vacutainers 

which contained 

fluoride and 

EDTA and also 

in plain bottles 

Mean±SD of 
salivary proteins 
(no units), 
glucose (mg/dL) 
across the three 
groups (2 controls 
and 1 cases) 

 
Correlation 

between salivary 

glucose and 

fasting plasma 

glucose across 

the three groups 

Correlation 

between HbA1C 

and fasting 

plasma glucose 

across the three 

groups 

Mean±SD of 

fasting plasma 

glucose (mg/dL), 

HbA1c, and serum 

total protein (no 

units), across the 

three groups (2 

controls and 1 

cases) 

Correlation 

between fasting 

plasma glucose 

with waist 

circumference 

and BMI across 

the three groups 

Correlation 

between HbA1c 

with waist 

circumference 

and BMI across 

the three groups 

Referred to lab by 
physician in order 
to measure FPG 
and HbA1C - 
confirmation of 
those with 
diabetes was with 
a positive history 
of established 
type 2 diabetes 
(GTT≥200mg/dl, 
FPG≥126mg/dl, 
BS≥200mg/dl) 
and positive 
cardinal signs 
including history 
of weight loss, 
polyuria, 
polyphagia, 
polydipsia and 
muscle weakness 

None No signifcant 
difference 
between the 
level of salivary 
glucose or 
salivary total 
protein in cases 
and controls 

 

No significant 
correlation 
between the 
salivary 
(glucose and 
protein) and the 
serum indices of 
glycaemia 
between any of 
the groups 

 
The salivary 

parameters, 

though non- 

invasive, did 

not reflect the 

serum 

parameters or 

the disease 

state – their use 

appears 

doubtful 
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Martinez et al. 

(2018) 

Case-control 
study 

 
A random, 
representative 
sample of cases 
and controls 
aged 25-75 
years old were 
drawn from 
Cartagena, 
Spain, 
healthcare area 
II, attending the 
Endocrinology 
and Nutrition 
Service at the 
Santa Lucia 
University 
General 
Hospital 

 
n=147; 74 cases 
(type 2 
diabetics) and 
73 controls 

Collection method: 

Unstimulated 

collection using 

passive drool and 

the Salivette device 

(cotton wool swab) 

Collection time: 

morning time 

Collection length: 

unknown 

Al, S, Be, Bo, 
Ca, Co, Cu, Cr, Sr, 
P, Fe, Li, Mg, Mn, 
Ni, Rb, Ti, and Zn – 
Unknown amount 
required for 
analysis using 
inductively 
coupled plasma 

mass spectrometry 

(ICP-MS) 

No serum 
measurements 

Not clear if 
mean±SD or SEM 
of salivary zinc, 
magnesium, 
calcium, 
aluminium, 
sulphur, beryllium 
boron, cobalt, 
copper, 
chromium, 
strontium, 
phosphorus, iron, 
lithium, 
manganese, 
nickel, rubidium, 
titanium and 
vanadium (all 
mgl/L) in cases 
and controls 

 
Sensitivity and 
specificity results 
for zinc, 
magnesium and 
calcium 

 

Correlation 
between salivary 
magnesium and 
waist 

  circumference  

No serum 
measurements 

Diagnosed with 

type 2 diabetes 

mellitus, 

according to 

criteria 

established by the 

American 

Diabetes 

Association in 

2014 

None Zinc, 
magnesium and 
calcium levels in 
saliva were able 
to differentiate 
diabetics from 
healthy subjects 
non-randomly 
(p<0.001) 

 
Salivary 

magnesium 

could be used 

as a marker of 

high 

cardiovascular 

risk when 

associated with 

abdominal 

obesity 

represented by 

a waist 

circumference ≥ 

102 cm in men 
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Panchbhai et 

al. (2010) 

Case-control 
study 

 
Subjects aged 
13-69 years old 
were recruited 
from among 
outpatients of 
the Department 
of General 
Medicine of 
AVBR Hospital 
(Wardha), India 

 
n= 120; 80 
cases (40 
uncontrolled, 
48.50±7.86 
years and 40 
controlled 
diabetes, 
49.50±10.88 
years) and 40 
healthy controls, 
46.12±10.25 
years 

 
Subjects were 
age and sex 
matched 

Collection method: 

Unstimulated saliva 

by spitting method 

and stimulated 

saliva was collected 

using acetic acid – 

unstimulated saliva 

samples used for 

salivary estimations 

Collection time: 8- 

11am 

Collection length: 

both collected for at 

least 5 minutes 

Collection amount: 

1ml of unstimulated 

saliva centrifuged 

Glucose – 10ul of 
test sample for 
analysis using 
glucose-oxidase 
end-point method 

 

Total protein – 
pyrogallol red dye 
(unknown amount 
required) 

No serum 
measurements 

Mean±SD of 

unstimulated 

salivary glucose 

(mg/dl) and total 

protein (mg/dl) in 

cases and 

controls 

Unstimulated and 

stimulated 

salivary rate 

(ml/min) in cases 

and controls 

Correlation 

between salivary 

parameters in 

uncontrolled and 

controlled 

diabetes group; 

salivary glucose 

with fasting 

plasma glucose 

and post meal 

blood glucose; 

salivary total 

protein with 

fasting blood 

glucose and post 

meal blood 
glucose 

No serum 
measurements 

In diabetics, 

fasting and post- 

meal blood 

glucose levels 

were evaluated 

(well-established 

cases diagnosed 

by the medial 

Faculty with 

features of 

polyuria, 

polydipsia and 

polyphagia and 

elevated blood 

glucose according 

to established 

criteria 

In healthy 
subjects random 
blood glucose 
tests were 
performed in 
order to confirm 
them as non- 
diabetic (indicator 
of metabolic 
control) 

Age and 
sex 

Mean salivary 

glucose levels 

were 

significantly 

elevated in both 

uncontrolled and 

controlled 

diabetics as 

compared to 

healthy non- 

diabetics 

Total protein 
was not affected 
by diabetes 
mellitus 

 
No correlation 
as no serum 
measurements 
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Shirzaiy et al. 

(2015) 

Case-control 
study 

 
Adults aged 30- 

45 years old 

were recruited 

amongst those 

referred to the 

Diabetic Centre 

of Ali-Asghar, 

Zahedan, in Iran 

n=50; 25 cases 
(controlled type 
2 diabetes) and 
25 controls 

 
Controls were 

age and sex 

matched 

Collection method: 
Unstimulated 
collection by 
spitting saliva into 
one tube every 60 
seconds for 2-5 
minutes 

 
Collection time: 
8-10am 

 
Collection length: 
2-5 minutes 

 
Collection amount: 
Unknown 

Sodium, 

Potassium, Calcium 

& Phosphorus – 

unknown amount 

required for 

analysis using 

atomic absorbance 

spectrophotometer 

technique 

No serum 
measurements 

Mean±SD of 

salivary calcium 

(mg/dL), 

phosphorus 

(mg/dL), 

potassium 

(mEq/L) and 

sodium (mEq/L) in 

cases and 

controls for 

overall (including 

at least and at 

most conc.), 

males and 

females 

No serum 
measurements 

Diabetes status 

was previously 

confirmed at the 

centre with 

diabetic tests – a 

patient file 

indicated type of 

disease, test 

results and 

treatment method 

and level of 

glycaemic control 

determined by 

fasting blood 

sugar results, 

HbA1C test and 

patients physician 

opinion 

Controls were 

selected after two 

fasting blood 

sugar tests, 

assessment of 

history and clinical 

examination via 

consulting a 

specialist 

physician for 

confirming their 

health 

Age and 
sex 

Level of salivary 

potassium was 

significantly 

elevated in 

diabetic patients 

compared to 

healthy subjects 

indicating some 

changes in 

salivary 

composition in 

diabetic patients 

(p=0.01) 

Calcium, sodium 
and phosphorus 
levels were not 
significantly 
different 
between cases 
and controls 

 
Potassium and 

phosphorus was 

significantly 

elevated in 

diabetic males 

compared to 

healthy males 

(not in females) 

Salivary calcium 

in diabetic 

females was 
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significantly 

reduced 

compared to 

healthy females 

(not significant in 

males) 

No significant 

difference in 

salivary sodium 

of healthy and 

diabetic person 

according to 

gender 



389  

 
 
 
 
 

Soares et al. 
(2009) 

Cross-sectional 
study 

 
Subjects 

aged19-72 

years old, 

were recruited 

from the dental 

clinic of the 

Federal 

University of 

Paraíba/ João 

Pessoa/ 

Paraíba, in 

Brazil 

n=63 healthy 
participants, 
non-diabetics, 
aged 37.5±15.7 
years old 

Collection method: 

Unstimulated saliva 

collected by spitting 

method and 

stimulated saliva 

collected by using 

acetic acid 

Collection time: 

Between 9am and 

12pm 

Collection length: 

unstimulated saliva 

collected into a 

glass tube every 60 

seconds (5 

minutes) and 

stimulated saliva 

collected every 60 

seconds (unknown 

lenght) 

Collection amount: 

Unknown 

Glucose – 10ul of 
unstimulated saliva 
in analysis using 
Human Glucose 
Color Kit from 
Brazil and 

  spectrophotometer  

For blood 

collection, 

(capillary 

glycemia) the 

soft flesh of the 

patient’s index 

finger was 

cleaned with 

cotton and 70% 

alcohol pricked 

with a 

disposable 

needle and a 

drop of blood 

was collected by 

applying slight 

pressure to the 

finger 

Capillary 
Glucose – 
unknown how 
much required 
for analysis 
using 
Glucosimeter 
(ONE TOUCH 
ULTRA, by 
JOHNSON & 
JOHNSON® 

Mean±SD of 

unstimulated 

salivary glucose 

(mg/dL) in overall, 

males and 

females 

Unstimulated and 

stimulated flow 

rate (ml/min) in 

overall, males and 

females 

Mean±SD of 

capillary glucose 

(mg/dL) in overall, 

males and 

females 

Assumed that to 
confirm that 
subjects were 
non-diabetic, 
medical history 
was collected 
from all patients 
and a capillary 
blood sample 

None Concentration of 
salivary glucose 
did not present 
any 
statistically 
significant 
correlation with 
the blood 
glucose 
(capillary 
Glycemia) 
(p=0.732) 

 
Showing 

glucose in saliva 

and blood, idea 

of determining a 

standard based 

on the results of 

healthy patients 

Significant 

correlation 

between 

salivary glucose 

and the 

unstimulated 

salivary flow 

rate (p=0.001) 
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Vasconcelos 

et al. (2010) 

Case-control 
study 

 
Both cases and 

controls were 

recruited from 

those who were 

seen in the 

Endocrinology 

Service of the 

Center for 

Specialized 

Medical Care 

(CAME) and in 

the Stomatology 

Clinic of the 

School of 

Dentistry of the 

Universidade 

Federal of 

Paraiba (UFPB), 

both located in 

the municipality 

of Joao Pessoa, 

Paraiba, Brazil 

n=80; 40 cases 
(type 2 
diabetics, 
57.7±8.9 years 
old) and 40 
controls, 
50.2±12.3 years 

  old  

Collection method: 

Unstimulated 

(resting) and 

stimulated saliva 

collected by spitting 

method – not clear 

which used for 

salivary glucose 

analysis 

Collection time: 8- 

11am 

Collection length: 

unknown 

Collection amount: 

Unknown 

Glucose – 10ul of 
saliva required for 
analysis using the 
glucose test kit 
(Glucose Liquicolor, 
in vitro Diagnostica, 
Itabira, MG, Brazil) 
and absorbance 
read at 500nm 
using a 
spectrophotometer 

Peripheral 

glycemia was 

determined at 

random – index 

finger cleaned 

with 70% 

alcohol and a 

disposable 

sterile needle 

was used to 

puncture skin 

Glucose – 
unknown 
amount of blood 
required using 
glucosemeter 

Assumed to be 

mean±SE 

(advised this best) 

of salivary 

glucose (mg/dl) in 

cases and 

controls 

Unstimulated 

(resting) and 

stimulated 

salivary flow rate 

(ml/min) in cases 

and controls 

Assumed to be 

mean±SD of 

capillary blood 

glucose (mg/dl) in 

cases and 

controls 

Not clear how 

diabetes status 

was confirmed – 

may have been 

with the use of the 

blood glucose and 

glucosemeter 

None - Age 
and sex 
were not 
matched 

Salivary glucose 

in diabetic 

patients was 

significantly 

higher than in 

non-diabetic 

individuals – 

however there 

was no 

significant 

association 

between 

salivary and 

capillary blood 

glucose levels in 

cases and 

controls 

Salivary glucose 
is not directly 
influenced by 
glycemia (blood) 
– cannot be 
used to monitor 
glycaemic 
control in 
diabetics 
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Similar in sex 
ratio and age 
but not matched 

       

Vaziri et al. 

(2009) 

Case-control 
study 

 

Cases were 
diabetic 
members of 
Hamadan 
Researchers 
Diabetes Centre 
and controls 
were 
subjects 
referred to the 
diabetes centre 
for their blood 
sugar evaluation 
and other 
screening tests 
in 
Iran 

n=120; 

n=40: type 1 
28.8±11.63(9- 

Collection method: 

Unstimulated 

collection as saliva 

drained passively 

over the lower lip 

into a pre-weighed 

test tube fitted with 

a funnel 

Collection time: 8- 

10am 

Collection length: 5 

minutes 

Collection amount: 

Unknown 

Albumin – unknown 
amount required for 
analysis using 
nephelometric 
method (micro 
albumin kit) 

No serum 
measurements 

Mean±SD of 

salivary albumin 

(no units) in type 

1 and type 2 

cases and type 1 

and type 2 

controls 

No serum 
measurements 

Diabetes had 
been diagnosed 
between 5-10 
years ago – 
comprehensive 
files were 
available detailing 
type of diabetes, 
time of onset, 
therapeutic 
procedures, 
duration of 
treatment 

Age, sex 
and weight 

Adults with type 

2 diabetes have 

significantly 

higher 

concentration 

of salivary 

albumin that 

would play a 

helpful 

diagnostic role 

in oral findings 

of diabetic 

patients 

(p=0.017) 

 61) years old,        

 n=40: type 2        

 cases        
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 54.02±10.10(39-        

82) years old, 

n=20: type 1 

controls 

27.65±5.65(20- 

38) years old, 

n=20: type 2 

controls 

54.3±7.11(40- 

67) years old 

Matched 

according to age 

sex and weight 

Yamaguchi et 

al. (1998) 

Cross-sectional 
study 

 
Does not state 
where men 
(n=6) aged 
24.0±4.6 years 
were recruited 
from – assumed 
to take place in 
Tokyo 
University, 
Japan, as 
authors were 
from there 

Collection method: 

Unstimulated using 

cotton rolls inserted 

onto the sublingual 

caruncula for 5 

minutes, where 

whole saliva was 

excreted from the 

submaxillary and 

sublingual glands 

Collection time: 

5 mins 

Blood collecting 

was by fingertip 

puncture 

Blood-glucose 

auto analyzer 

using the 

Antsense, GOD- 

Electrode 

method 

Salivary glucose 
(mg/dl) range in 
the six men 

 
Correlation 
between salivary 
and blood glucose 

 

Correlation 

coefficient 

obtained from 3 

days of 

measurements 

Mean fasting 

blood sugar levels 

(mg/dl) and 

fasting blood 

sugar range in the 

six men 

Salivary and 

blood glucose 

was assessed in 

healthy subjects 

None Measurements 
of salivary 
glucose could 
be used as an 
indicator 
of blood glucose 
levels 

 

Although SGL 
was not always 
correlated with 
BGL in all 
subjects over 
time, there was 
a significant 
correlation in the 
two levels for an 
individual 

  Collection length:      

  saliva collected      

  simultaneously with      
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  blood at 15 minute 

intervals for 2 

hours, for three 

consecutive days 

Collection amount: 

up to 5ml collected 

Glucose – 200ul of 
saliva required for 
glucose analysis 
analysed using an 
enzymatic Glucose 
CII-Testwako, 
GOD-POD Method 
and 
spectrophotometer 

      

A procedure 

may be possible 

to estimate BGL 

from the 

absolute value 

of self- 

determined 

SGL, which 

would greatly 

contribute to the 

clinical 

treatment of 

diabetic patients 

Dietary intake         

Bondonno et 
al. (2014) 

Randomised 
controlled 
crossover study 

 
Healthy men 
and women 
aged 38-70 
years old, 
recruited from 
the general 
population in 
Perth, Australia, 
by newspaper 
advertisement 

 
Participants 
were allocated 

Collection method: 
Unknown how 
saliva was collected 
at each of the time 
points 

 
Collection time: 
unknown 

 

Collection length: 
5 minutes 

 
Collection amount: 
unknown 

 
Nitrate & Nitrite – 
Unknown amount 

At all visits a 

plasma sample 

was taken for 

analysis of 

plasma nitrate 

and nitrite 

Nitrate & Nitrite 
– Unknown 
amount required 
for analysis 
using gas 
chromatography 
-mass 
spectrophotome 
try 

Mean±SD (tables) 

and Mean±SEM 

(graphs) of 

salivary nitrate 

and nitrite 

(umol/L) at 

baseline and 

intervention in the 

low and high 

nitrate/nitrite diet 

Mean±SD (tables) 
and Mean±SEM 
(graphs) of 
plasma nitrate 
and nitrite 
(umol/L) at 
baseline and 
intervention in the 
low and high 
nitrate/nitrite diet 

 
Mean (SD), range 
of Total 
cholesterol 
(mmol/L), HDL 
cholesterol 

A food diary was 
completed during 
2 days of high 
nitrate diet 
intervention 
detailing their 
green leafy 
vegetable intake 

 

Nitrate content of 
fresh green leafy 
vegetables 
provided for the 
high nitrate 
dietary 
intervention were 
estimated using 

Age, sex, 
BMI, 
interaction 
terms were 
adjusted in 
analysis 

Salivary and 
plasma nitrate 
and nitrite 
concentrations 
were 
significantly 
increased 
(P<0.001) after 
the high-nitrate 
diet compared 
to the low-nitrate 
diet 

 
The high-nitrate 
diet resulted in a 
fivefold higher 
salivary nitrite, 
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 to an 
intervention plan 
via block 
randomisation 
using computer- 
generated 
random 
numbers 
devised by a 
statistician 

 
n=38; 26 women 
and 12 men 

required for 
analysis using gas 
chromatography- 
mass 
spectrophotometry 

  (mmol/L), glucose 
(mmol/L) 

 
Geometric mean 
(95% CI) of 
triglycerides 
(mmol/L) 

literature values; 
frozen 0.9mg/g 
and fresh 1mg/g 
nitrate 

 
High nitrate diet 
increased dietary 
nitrate intake by 
400±98mg/day 
(range: 225- 
695mg/day) 

 fourfold increase 
in salivary 
nitrate, fourfold 
higher plasma 
nitrite, and six- 
fold increase in 
plasma nitrate 

Bondonno et 

al. (2015) 

Before-After 
study with no 
control group 

 
Healthy men 
and women 
aged 50-70 
years old, were 
recruited from 
the general 
population in 
Perth, Australia, 
by newspaper 
advertisement 

 
Computer 
generated 
random 
numbers were 
used to allocate 

Collection method: 
Unknown how 
saliva was collected 
at each of the time 
points 

 
Collection time: 
unknown 

 
Collection length: 
5 minutes 

 
Collection amount: 
unknown 

 
Nitrate & Nitrite – 
Unknown amount 
required for 
analysis using gas 
chromatography- 

At all visits a 
fasting blood 
sample by 
venepuncture 

 
Nitrate & Nitrite 
– Unknown 
amount 
required for 
analysis using 
gas 
chromatography 
-mass 
spectrophotome 
try 

Mean(SD) of 

salivary nitrate 

and nitrite 

(umol/L) at DO, 

D7, +2D, +7D, 

+14D 

Mean(SD) of 
plasma nitrate 
and nitrite 
(umol/L) at DO, 
D7, +2D, +7D, 
+14D 

During two days 

of the high nitrate 

period, 

participants 

completed a food 

diary detailing 

their green leafy 

vegetable intake 

Nitrate content of 

fresh green leafy 

vegetables 

provided for the 

high nitrate 

dietary 

intervention were 

estimated using 

literature values; 

frozen 0.9mg/g 

None Signifcant 
increase in 
saliva and 
plasma nitrate 
and nitrite 
concentrations 
after 7 days of 
high nitrate 
intake are 
decreased by 
day 2 and are 
returned to 
baseline levels 
by day 7 after 
cessation of 
nitrate intake 
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 participants to 
the diets 

 
19 of 38 
participated in 
this study, who 
were 
participating in a 
randomised 
crossover trial 
and were 
randomised to 
the high nitrate 
diet in the first 
intervention and, 
therefore, 
underwent the 
extended 
washout part of 
the study to see 
how long nitrate 
and nitrate can 
remain elevated 
following 
cessation of a 
high nitrate 
intake 

 
n=19; 12 women 
and 7 men 

mass 
spectrophotometry 

   and fresh 1mg/g 

nitrate 

High nitrate diet 

increased dietary 

nitrate intake by 

402±86mg/day 

(range: 225- 

570mg/day) 

18 of the 19 

participants 

increased their 

dietary nitrate by 

more than 

300mg/day 

  

Freeland- 

Graves et al. 

(1980) 

Case-control 
study 

Collection method: 
Stimulated 
collection by using 
parafilm and 

10ml of venous 
blood drawn 
using a sterile, 
disposable 

Mean±SD of 

salivary zinc 

sediment (p.p.m 

dry weight) and 

Mean±SD of 

serum zinc 

(mcg/100ml) in 

Zinc intake 

assessed by a 

nutritionist who 

obtained a 24 

None No correlation 
was found 
between mean 
levels of zinc in 
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Cases recruited 

via the use of 

posters 

advertising free 

dietary analysis 

and critique for 

vegetarians, 

were placed in 

vegetarian 

cooperatives, 

restaurants, and 

health food 

stores in spring 

1976 

Controls were 
non-vegetarian 
faculty members 
and students 
recruited from 
the University of 
Texas, US 

 

n=120; 79 cases 
(vegetarians) 
and 41 controls 
(non- 
vegetarians) all 
aged between 
18-50 years old 
(mean= 22 
years old) 

expectorating into 
tubes 

 
Collection time: 
7-9.30am 

 
Collection length: 
15 minutes 

 
Collection amount: 
Unknown 

 

Zinc sediment – 
10mm samples 
thawed and 
assumed to be 
used in analysis by 
atomic absorption 
spectrophotometer 

plastic syringe 
kept at room 
temp for 10 
minutes 

 
Zinc sediment – 
unknown 
amount required 
for analysis 
using atomic 
absorption 
spectrophotome 
ter 

dietary zinc intake 

(mg) in cases and 

controls 

cases and 

controls 

hour dietary recall 

and measuring 

cups/spoons, life- 

size colour 

photographic 

reproduction of 

foods, 3D food 

models were used 

to help recollect 

portion sizes of 

food/beverages 

consumed 

Patterns of food 

intake from a 

separate 

questionnaire 

were compared to 

actual values 

given in the 24 

hour dietary recall 

– when 

information did 

not correspond, a 

second 24 hour 

dietary recall was 

obtained 

Diets were 

translates into 

equivalent 

nutrients 

calculated from 

salivary 
sediment and 
diets reportedly 
consumed 

 
Cellular zinc 
should not 
change with 
the dietary 
intake of the 
mineral from the 
previous day 
and values for 
dietary zinc do 
not take into 
consideration 
bioavailability of 
the mineral 

 
Zinc content of 
salivary 
sediment 
significantly 
lower in 
vegetarians than 
non-vegetarians 
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      reference tables – 

when zinc/copper 

content was not 

available for the 

foods they were 

purchased from 

health food stores 

and determined in 

triplicate via 

atomic absorption 

spectrophotometr 

y 

  

Freire et al. 
(2013) 

Before-After 
study with no 
control group 

 
Subjects were 
14-18 year old 
females and 
sample 
collection took 
place at the 
Adolescent 
Support and 
Service Centre 
of the UNIFESP 
in Sao Paulo, 
Brazil 
– does not 
specifically state 
how the 
participants 
were recruited 

Collection method: 
Stimulated 
collection by 
chewing parafilm 

 
Collection time: 
assumed to be 
morning time as 
collected after a 12 
hour overnight fast 

 

Collection length: 
unknown 

 
Collection amount: 
10-15ml saliva 
collected 

 
Zinc sediment – 
unknown amount of 
saliva required for 

15ml blood 

samples were 

collected in the 

morning from all 

participants after 

12 hour fast 

Plasma zinc and 
erythrocyte zinc 
– unknown 
amount of saliva 
required for 
analysis using 
Atomic 
absorption 
spectrophotome 
ter 

Mean±SD of 

salivary sediment 

zinc (ng/ml) 

before and after 4 

months study 

At baseline and 

after 4 months 

study, salivary 

sediment zinc 

levels that are 

below the 

minimum level, 

within normal 

range and above 

the maximum 

normal value 

Pearson 

correlation 

between zinc 

Mean±SD of 

plasma zinc 

(ug/dL) and intra- 

erythocytic zinc 

(ug/gHb) before 

and after 4 

months study 

Pearson 

correlation 

between zinc 

intake and plasma 

zinc and also with 

intra-erythocytic 

zinc before and 

after 4 months 

study 

Dietary intake was 

assessed in the 

first month using a 

questionnaire- 

based 24hour 

food log only once 

– in next 3 

months, three 24 

hour food logs 

were used to 

assess two 

weekdays and 

one weekend day 

each month (9 

over the three 

months) 

Virtual Nutri 
software used to 
quantify the zinc 
and sodium 

Effect of 
time 

Zinc intake was 
not 
significantly 
correlated with 
any biochemical 
parameter e.g. 
salivary 
sediment zinc 

 
Decrease in 
body fat led to 
the redistribution 
of zinc to the 
plasma and 
erythrocytes 
which meant 
that zinc levels 
in salivary 
sediment were 
lower at the end 
of the study than 
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 but took place 

over a period of 
4 months 
(attended twice 
a month) 

analysis using 
initially the 
gravimetric method 
and then atomic 
absorption 
spectrophotometer 

 intake and 

salivary sediment 

zinc before and 

after 4 months 

study 

 content of foods – 
where preloaded 
values were not 
included then zinc 
and sodium 
amounts were 
added using 
tables of 
McCance and 
Widdowson and 
the University 
Estadual of 
Campinas 

 at baseline – 
changes were 
not affected by 
zinc intake 

 
Salivary 
sediment zinc 
may be a 
promising 
parameter for 
obesity 
research – 
changes in the 
amount of zinc 
in saliva was 
opposite to 
those of other 
zinc-related 
biochemical 
parameters 

n=15  Mean±SD of 
  dietary intake of 
  zinc (mg), sodium 

  (mg), cholesterol 
(mg), grains, 

  vegetables, fruits, 

  dairy, meats and 
beans (servings) 

  on 2 alternate 
  days of the week 

  and 1 weekend 
day across 

  August, 

  September, 
October and 

  November 

Jacob et al. 

(1987) 

Non-randomised 
crossover trial 

 
11 healthy men 
aged 19-32 
years old, were 
involved in the 
14 week study 
which took place 
in the metabolic 
unit of the 

Collection method: 
Stimulated whole 
saliva collected by 
using paraffin & 
Parotid and 
sublingual/ 
submandibular 
saliva was also 
collected at two 
different times from 
a study investigator 

Fasting blood 
sample (4.5mL) 
was taken 
before breakfast 
by venepuncture 
weekly 
throughout the 
study and 8 
additional 
midweek draws 
were taken 

Mean±SD of 

salivary ascorbic 

acid (mg/dL) in 

whole mixed 

saliva, parotid 

fraction and 

sublingual/ 

submandibular 

fraction 

Mean±SD, range 
of plasma 
ascorbic acid and 
erythrocyte 
ascorbic acid 
across the 
different time 
points in mg/dl 
and umol/L 

Ascorbic acid 
dietary intake was 
compared to the 
cellular ascorbic 
acid with the use 
of the blood and 
saliva samples 

None Salivary 
ascorbic acid 
levels not good 
indicators of 
the subjects 
ascorbic acid 
intake and 
status – levels 
relatively low, 
changes in a 
rather narrow 
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 USDA-ARS 
Western Human 
Nutrition 
Research 
Centre, San 
Francisco, US, 
after medical 
and 
psychological 
screening 

 

Collection time: 
unknown 

 
Collection length: 
unknown 

 
Collection amount: 
Unknown 

 
Ascorbic acid and 
dehydroascorbic 
acid (total 
biologically active) 
– unknown amount 
required for 
analysis using 
spectrophotometric 
procedures with 
2,4,-dinitro- 
phenylhydrazine as 
chromogen 

(3.5mL) during 
the 2 week 
depletion 
periods 

 
An extra 10mL 
aliquot of blood 
taken at the end 
of each 
metabolic period 
for the 
determination of 
total leukocyte 
ascorbic acid 

 
Ascorbic acid 
and 
dehydroascorbic 
acid in plasma 
and red blood 
cells (total 
biologically 
active) – 
unknown 
amount required 
for analysis 
using 
spectrophotome 
tric procedures 
with 2,4,-dinitro- 
phenylhydrazine 
as chromogen 

    range and did 
not correlate 
well with the 
level of ascorbic 
acid intake 

 
Plasma and 
leukocyte 
ascorbic acid 
levels were the 
most reliable 
markers of 
ascorbic acid 
intake – 
methodology of 
determining 
leukocyte 
ascorbic acid is 
complex and 
requires a large 
amount of blood 

Javid et al. 
(2013) 

Randomised 
controlled trial 

Collection method: 
Unknown 

No details given 
on serum 
collection 

Mean (95% CI) of 

salivary total 

apparent 

Mean (95% CI) of 

plasma total 

apparent 

Diet was 

assessed by a 3- 

day estimated 

Controlled 
for baseline 

A trend was 
observed for an 
increase in 
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Recruited adults 
aged 30-65 
years old from a 
Dental Hospital 
Newcastle, UK 

 
Community 

Nutrition 

Assistants 

randomly 

allocated to an 

intervention or 

control group 

using a random 

numbers 

allocation table 

devised by a 

statistician 

n=37; 18 
intervention and 
19 controls 

Collection time: 
unknown 

 
Collection length: 
unknown 

 
Collection amount: 
unknown 

 
Total apparent total 
antioxidant capacity 
– unknown amount 
required for 
analysis using 
ferric–reducing 
antioxidant power 
(FRAP) assay and 
Trolox equivalent 
antioxidant capacity 
(TEAC) assay 

 

Total apparent 
total antioxidant 
capacity – 
unknown 
amount required 
for analysis 
using Ferric– 
reducing 
antioxidant 
power (FRAP) 
assay and 
Trolox 
equivalent 
antioxidant 
capacity (TEAC) 
assay 

antioxidant 

capacity by FRAP 

(mM ferrous ion 

equivalents) and 

by TEAC (uM 

Trolox 

equivalents) 

assessed at 

baseline (TO), 3 

(T1) and 6 

months (T2) post 

dietary 

intervention in the 

intervention and 

control groups 

Mean (95% CI) of 

Vitamin C (mg 

day-1), fruit and 

vegetables (g day-
 

1) and 

wholegrains (g 

day-1) assessed 

at baseline (TO), 

3 (T1) and 6 

months (T2) post 

dietary 

intervention in the 

intervention and 

control groups 

antioxidant 

capacity by FRAP 

(mM ferrous ion 

equivalents) and 

by TEAC (uM 

Trolox 

equivalents) 

assessed at 

baseline (TO), 3 

(T1) and 6 

months (T2) post 

dietary 

intervention in the 

intervention and 

control groups 

food diary for 

three consecutive 

days, including 

one weekend day 

across each of the 

time points 

Nutrient analysis 

was of recorded 

items using 

Windiets Software 

– mean daily 

intake of fruits, 

vegetables, 

wholegrains and 

vitamin C for each 

participant across 

each of the time 

points 

Validated 

questionnaire 

completed on first 

visit, such as 

nutrition 

knowledge, 

dietary habits 

such as current 

portions of fruits, 

vegetables and 

whole grain foods 

values in 
analysis 

salivary 
apparent 
antioxidant 
capacity in the 
intervention 
group between 
TO and T2 
using the TEAC 
method 
(p=0.06), which 
may be due to 
the increase in 
fruit and 
vegetables rich 
in antioxidants 
in the 
intervention 
group compared 
to controls 

 
No significant 
salivary 
changes in 
antioxidant 
capacity after 
the dietary 
intervention, 
measured by 
both TEAC and 
FRAP methods 
in the control 
group 

 

Findings 

suggest that 
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        TEAC may be 

more sensitive 

than the FRAP 

method for 

analysing TAC 

in biological 

fluids or that the 

method is more 

sensitive to 

dietary 

antioxidants 

Karjalainen et 

al. (1997) 
Cross-sectional 
study 

 

A subsample 
(every fifth 
family) of the 
parents of 
children who 
participated in 
an infancy- 
onset, 
prospective, 
randomised 
intervention trial 
were invited to 
take part in the 
study from the 
City of Turku, 
Finland – 78% 
of the invited 
parents 
attended 

Collection method: 
Stimulated saliva 
using paraffin 

 

Collection time: 8- 
12noon (at least 
one hour fasting) 

 
Collection length: 
3-4 minutes 

 
Collection amount: 
14ml collected per 
person 

 

Cholesterol – 10ml 
used for analysis 
using the thin-layer 
chromatography 
with pre-coated 
channelled silica 
gel (separated 
lipids quantified 

Non-fasting 

venous blood 

samples were 

collected 

Cholesterol – 
unknown 
amount required 
for analysis 
using fully 
enzymatic 
cholesterol 
oxidase-p- 
aminophenazon 
e method in an 
AU 510 
automatic 
analyser 

 
HDL – unknown 
amount required 
for analysis 
which was 

Mean±SD of 

salivary 

cholesterol 

(umol/L) in men 

and women 

Mean(±SE) of 

salivary 

cholesterol 

concentration 

quartiles (low, 

intermediate and 

high) with serum 

cholesterol (total, 

HDL, and non- 

HDL) (gender as 

a covariate) 

Mean±SE levels 

of nutrients in 

those with low 

and high quartiles 

Mean±SD of 

serum total 

cholesterol, HDL- 

cholesterol, non- 

HDL cholesterol 

(mmol/L) in men 

and women 

Number of 

subjects 

according to 

serum (high≥6.50, 

low<6.50) and 

saliva (high- 

intermediate 

≥0.69, low <0.69) 

cholesterol 

Cholesterol status 

was confirmed 

using non-fasting 

venous blood 

samples were 

used for the 

analysis of serum 

total and high- 

density lipoprotein 

(HDL) cholesterol 

concentrations 

To exclude 

extreme variations 

in dietary intake, 

24 hour dietary 

recalls were self- 

completed (along 

with dieticians 

instructions) by 

subjects on the 

Gender 
adjusted in 
analysis 

Weak 

correlation 

between serum 

and salivary 

cholesterol 

(r=0.22, p<0.05) 

and between 

saliva 

cholesterol and 

serum non-HDL 

cholesterol 

(r=0.28, 

p<0.005) 

Positive 

correlation 

between BMI 

and the level of 

saliva 

cholesterol 

(r=0.31, p<0.01) 
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 n=278; 139 

saliva samples 
analysed, 64 
men (35.4±5.6 
years) and 75 
women 
(33.2±4.7 years) 

using a scanning 
densitometer) 

measured after 
precipitation of 
LDL and VLDL 

of salivary 

cholesterol (in 

those with dietary 

recalls) 

Sensitivity, 

specificity, 

positive predictive 

value ad negative 

 day before saliva 

sampling 

 Assay of 
salivary 
cholesterol may 
be useful in 
excluding 
individuals with 
high serum 
cholesterol 
levels 

   predictive value of 
the saliva 

  

   cholesterol assay   

Kedjarune et 
al. (1997) 

Cross-sectional 
study 

 
Subjects were 
aged 12-16 
years old and a 
stratified 
random sample 
was taken by 
class from one 
school in each 
area in Thailand 

Collection method: 
Stimulated with the 
use of wax 

 
Collection time: 
10am in both areas 

 

Collection length: 
unknown 

 
Collection amount: 
Around 15ml per 
person of saliva 

No serum 
measurements 

Mean±SD(95%CI) 

, number of 

salivary total 

protein (g/l), 

albumin (g/l), 

calcium (mM), 

phosphate (mM) 

and fluoride (mM) 

and also flow rate 

(ml/min) in boys 

and girls in both 

the urban and 

No serum 
measurements 

24-hour dietary 

recalls were 

collected for three 

consecutive days 

to examine the 

average nutrient 

intake – only 

those that were 

complete and 

gave good detail 

were included in 

analysis using 

None No correlation 

between 

nutrient intake 

and salivary 

composition – 

suggests that 

dietary nutrients 

may not have a 

direct effect on 

salivary 

composition, for 

example, no 

 n=243; 105 
urban and 138 
rural 

 
Stratified 
random 

samples were 

 
Total protein – 

Unknown amount 

required for 

analysis using 

Lowry method 

 rural areas 

Mean±SD 

(95%CI) dietary 

intake results for 

calories, fat, 

carbohydrate, 

 micronap version 

4.21 and Thai 

food composition 

tables 

 significant 

correlation 

between 

salivary total 

protein and daily 

protein intake 

 taken by class Calcium – 

Unknown amount 

 total protein, 

vegetable protein, 
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 from one school 

in each area 
required for 
analysis using 

 animal protein, 
calcium and 

    

 atomic absorption phosphorus in 

 spectrophotometry 

Albumin – 
Unknown amount 
required for 
analysis using 
rocket immune- 
electrophoresis 
(electro- 
immunoassay) 

boys and girls in 

both the urban 

and rural areas 

 
Phosphate – 
Unknown amount 
required for 
analysis using 
colorimetric method 
using a commercial 
kit 

 

 
Fluoride – 
Unknown amount 
required for 
analysis using 
fluoride electrode 
utilising acetate 
buffer as a low level 
total ionic strength 
adjuster 

 

Kolarzyk et 

al. (2006) 
Case-control 
study 

Collection method: 
Unstimulated by 
collecting saliva 
using a dedicated 

No serum 
measurements 

Mean, median, 
variation, 95% CI 
of salivary total 
antioxidant status 

No serum 

measurements 

Actual food 

consumption was 

performed using a 

24-hour nutritional 

Age, 
employmen 
t and 
lifestyle 

FRAP level was 

connected with 

the intake of 

cholesterol, 
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Females were 

inhabitants of a 

city with a 

population of 

approx. 

800,000, 

Krakow, Poland 

– not clear how 

participants 

were recruited 

 
n=80; 40 cases 

(pregnant 

females, 

27.1±5.4 years 

old) and 40 

healthy controls 

(no age stated 

but assumed to 

be similar as 

controlled for 

age) 

Controls were 

matched for 

age, 

employment and 

lifestyle 

system (Salivette, 
Sarsted, Germany) 
involving a tube 
with a fitted 
polyethylene 
disposable filter 
and cotton plug 

 
Collection time: 
unknown 

 
Collection length: 
Approx. 5 minutes 

 
Collection amount: 
Unknown 

Total antioxidant 

capacity – unknown 

amount required for 

analysis using 

FRAP assay 

Protein – unknown 
amount required for 
analysis using 
Bradford method 

(FRAP) (umol/g of 
protein), SOD 
activity (U/g of 
protein) in cases 
(1st, 2nd and 3rd 

trimester) and 
controls 

 
Mean, median, 
min-max, CV % of 
dietary intake for 
FRAP (mol/g of 
protein), SOD (u/g 
of protein), total 
proteins (g), 
animal protein (g), 
plant protein (g), 
fats (g), 
carbohydrates (g), 
saturated fatty 
acids (g), MUFAs 
(g), PUFAs (g), 
cholesterol (mg), 
level of minerals 
(mg); Na, K, Ca, 
P, Mg, Fe, Zn, 
Cu, Mn 
and level of 
vitamins (ug): A, 
retinol, beta- 
carotene, E, 
thiamine, 
riboflavin, niacin, 
B6, ascorbic acid 

recall – recalls 

covered 2 non- 

consecutive 

weekdays and 

one Sunday, to 

assess 

quantitative 

content, 

composition and 

nutritional value of 

average daily 

nutritional rations 

(DNR) 

201 colour 

photographs of 

food products and 

servings used to 

assess sizes of 

meals 

retinol and 

vitamin A (not 

protein) 

No statistical 

relationships 

between the 

intake of 

micronutrients & 

macronutrients 

in daily 

nutritional 

rations and the 

FRAP level in 

the saliva of 

pregnant 

women 

Antioxidant 
parameters 
measured in 
saliva of 
pregnant 
woman may 
might be useful 
for finding those 
who are at risk 
caused by 
inefficient 
antioxidant 
mechanisms 
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Leggott et al. 

(1986) 

Non-randomised 
crossover trial 

 
11 healthy 
males, aged 19- 
28 years old, 
were recruited 
from a group of 
subjects who 
had previously 
volunteered to 
participate in a 
nutrition study – 
this study was a 
13 week study 
in the metabolic 
unit of the 
USDA-ARS 
Western Human 
Nutrition 
Research 
Centre, San 
Francisco, US 

Collection method: 
Stimulated whole 
saliva collected 
using paraffin in all 
men & stimulated 
parotid also 
collected in 3 
participants 

 
Collection time: 
unknown 

 

Collection amount: 
2ml whole saliva 
collected and no 
amount stated for 
the parotid saliva 

 
Ascorbate – 
Unknown amount 
required for 
analysis where the 
TCA-saliva mixture 
was centrifuged 
and the TCA 
soluble fraction 
analysed 

Plasma and 
leukocyte 
ascorbate 
concentrations 
were 
determined 

 
Ascorbate – 
Unknown 
amount required 
for analysis 
using 
2,4-dinitro- 
phenylhydrazine 
as a substrate 

Mean±SD of 

salivary ascorbate 

(mg/dl) in whole 

and parotid saliva 

Linear regression 
results stated for 
plasma ascorbate 

Ascorbic acid 
dietary intake was 
assessed using 
salivary ascorbate 
levels and also 
using a lingual 
ascorbic acid test 
conducted 
according to 
methods by 
Ringsdorf and 
Cheraskin (1978) 
by an examiner 
who was unaware 
of the study 
sequence – fresh 
solution of 2,6- 
dichlorophenolind 
ophenol used at 
each examination 

None Results do not 

support the 

assay of salivary 

ascorbate as a 

measure of 

ascorbic acid 

status (or the 

use of the 

lingual ascorbic 

acid test) 

Measurement of 
salivary 
ascorbate are 
not related to 
controlled 
periods of 
ascorbic acid 
depletion and 
supplementation 

 
Both the lingual 
ascorbate acid 
test and 
measurement of 
salivary 
ascorbate 
appear to be 
inappropriate for 
measurement of 
ascorbic acid 

  status  
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Mazengo et 
al. (1994) 

Cross-sectional 
study 

 
Study was part 
of a larger study 
which 
comprised a 
stratified 
random sample 
from rural and 
urban 
communities in 
Tanzania across 
three age 
groups, 12 
years, 35-44 
years and 65-75 
years 

 
n=210; 72 urban 
and 138 rural (of 
this 23 saliva 
samples 
excluded) 

Collection method: 
Stimulated saliva 
was collected by 
chewing on paraffin 

 
Collection time: 
9.30-12.30 noon 

 
Collection length: 
unknown 

 
Collection amount: 
at least 8ml 
collected – 3ml 
used for microbial 
counts so assumed 
to be 2ml used for 
analysis 

 

Total protein 

concentration – 

Lowry method 

using bovine serum 

albumin 

Albumin – LC- 

Partigen 

immunodiffusion 

plates 

Sodium and 

calcium – atomic 

absorption 

spectrophotometry 

No serum 
measurements 

Mean±SD, 

number of 

salivary protein 

(g/l), albumin 

(mg/l), calcium 

(mM), sodium 

(mM), phosphate 

(mM) in males 

and females in 

urban and rural 

areas (where 

applicable) 

No serum 
measurements 

Dietary data were 
collected using 
two 24 hour 
recalls, one 
before and 
another at the end 
of the harvest 
period – mean 
values of the two 
recalls used 

 
The Nutrica food 
composition 
programme 
extended by 
composition 
tables of foods 
commonly eaten 
in East Africa for 
analysis of 
nutrient intake 

Age, 
gender and 
area of 
residence 
adjusted in 
analysis 

No significant 

correlations 

between nutrient 

intake and 

salivary 

measures in 

area of 

residence, age 

and gender 

Results suggest 

that differences 

in the 

composition of 

saliva in rural 

and urban 

Tanzanians are 

more closely 

associated 

with 

differences in 

absolute and 

relative 

amounts of 

nutrients or 

food 

components, 

than the energy 

content of diet – 

salivary protein 

and energy 
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  Phosphorus – 

colorimetric method 

Calcium and 

protein were 

determined from 

uncentrifuged 

saliva and all others 

from centrifuged 

saliva 

     intake not 

directly related 

Mejean et al. 

(2015) 
Cross-sectional 
study 

 

Subjects aged 
49.6±13.5 years 
old, were 
participants in 
the NutriNet- 
Sante Study 
launched in 
2009, a large 
web-based 
prospective 
observational 
cohort 
(scheduled 
follow-up of 10 
years) – in 
October 2010 
participants 
already included 
in the cohort 
and living in a 
radius of 20km 

Collection method: 
Unstimulated by the 
spitting method 

 
Collection time: 
Unknown 

 
Collection length: 5 
minutes 

 
Collection amount: 
unknown 

 
Protein – unknown 

amount required for 

analysis using 

standard Bradford 

protein assay Quick 

Start 

Proteolysis – 

unknown amount 

required for 

analysis using 

No serum 
measurements 

Mean±SD, 

number of 

salivary protein 

(mg/ml), total 

antioxidant 

capacity (U/mg of 

protein), sodium 

(mmol/mg of 

protein), 

Proteolysis (U/mg 

of protein), 

Lipolysis (mU/mg 

of protein), 

Amylolysis (U/mg 

of protein) 

β value and 95% 

CI of total 

antioxidant 

capacity with 

simple/ complex 

carbohydrate, as 

well as amylolysis 

No serum 
measurements 

Dietary data 
collected using 
web-based 24 
hour dietary 
records using the 
meal-based 
approach 

 

At enrolment and 
after one year, 
participants were 
invited to provide 
three 24 hour 
records, randomly 
assigned over a 
two week period 
(1 weekend day 
and 2 week days) 

Age, sex, 
sensory 
analysis 
laboratory 
site and 
energy 
intake 
adjusted in 
analysis 

Results suggest 

significant 

relationships 

between certain 

salivary 

composition 

variables (total 

antioxidant 

capacity and 

amylolysis) and 

the usual simple 

(positive) and 

complex 

carbohydrate 

(inverse) intakes 

- emphasizing 

that salivary 

characteristics 

may vary to 

some extent 

according to 

usual diet 
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 from six sensory 

laboratories 
throughout 
France were 
invited to 
participate in 
sensory tests 
(data collected 
January to May 
2011) 

 
n=282 (n=216 
with saliva for 
analysis) 

Pierce Fluorescent 

Assay Kit and 

fluorescence 

spectrophotometer 

Sodium – unknown 

amount required for 

analysis using 

HPLC ionic 

chromatography 

Total antioxidant 

capacity – unknown 

amount required for 

analysis using 

ORAC assay kit 

 with simple/ total 

carbohydrate 

Mean±SD of 

dietary intake 

results of total 

energy intake 

(kJ/d), lipids (g/d), 

saturated fatty 

acids (g/d), 

MUFAs (g/d), 

PUFAs (g/d), 

carbohydrates 

(g/d), complex/ 

simple 
carbohydrates 

    

 Lipolysis – 

difference between 

(g/d), protein (g/d) 

and sodium (g/d) 

 the average activity  

 of slopes obtained 
for each sample 

 

 without and with the  

 lipase inhibitor  

Turnlund et 

al. (1990) 

Non-randomised 
crossover study 

 

Young healthy 

men aged 22-35 

Collection method: 
Stimulated by 
collecting parotid 
saliva into a sterile 
Teflon collection 
cup over the 
Stensen’s duct 

 

Collection time: 

Blood samples 
taken at the 
beginning of the 
study, end of 
each MP, and 
midpoint of MP2 
for complete 
blood counts 
and analysis 

Mean± pooled 
SEM of salivary 
copper (umol/L) 
for the three 
metabolic periods 
(adequate, low 
and high copper) 

 

Salivary copper 
for each subject 

Mean± pooled 
SEM of plasma 
copper (umol/L) 
on day one for the 
three metabolic 
periods 
(adequate, low 
and high copper) 

To look at the 
effect of dietary 
copper on copper 
nutriture blood 
tests were carried 
out to check 
copper status (no 
mention of dietary 
intake) 

None 
(although 
mentions 
multivariate 
analysis) 

It was expected 
that salivary 
copper might be 
affected by the 
amount of 
copper in diet, 
however the 
copper content 
of saliva was 
low and did not 

 years old, were  

 recruited using 
newspaper 

 

 advertisement  
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 (mentioned in 

reference 

Turnlund et al., 

1988) 

Those 

participating 

≥2 hours after noon 
meal at the 
beginning of the 
study, end of each 
MP, and midpoint 
of MP2 

 
Collection length: 
unknown 

 
Collection amount: 
unknown 

Copper – unknown 

amount required for 

analysis using an 

atomic absorption 

spectrophotometer 

Plasma copper 
was determined 
9 times during 
the study – 
collected using 
element-free 
plastic syringes 

 
Copper – 
unknown 
amount required 
for analysis 
using atomic 
absorption 
spectrophotome 
ter 

and pooled SEM 
(umol/L) 

Plasma copper for 
each subject and 
pooled SEM 
(umol/L) 

  reflect dietary 
copper – 
salivary copper 
is not affected 
by the amount 
of copper in the 
diet 

were confined to    

a metabolic    

research unit at 
the Western 

   

Human Nutrition    

Research 
Centre in 

   

California, US,    

for 90 days, 3    

metabolic 

periods (MP) 

   

n=11 males    

Vitale et al. 
(2014) 

Case-control 
study (cross- 
sectional) 

 
Children aged 
9.4±0.6 years 
old 
all attending 
primary school 
were enrolled in 
the study in Italy 
– not clear how 
they were 

Collection method: 
Unstimulated saliva 
collected using the 
spitting method 

 
Collection time: 
early morning in 
fasting condition 

 
Collection length: 
unknown 

No serum 
measurements 

Correlation 

between salivary 

nitric oxide levels 

and BMI 

Correlation 

between salivary 

nitric oxide levels 

and YHEI 

No serum 
measurements 

Dietary intake was 
assessed using 
the Youth Healthy 
Eating Index 
(YHEI) which 
includes 13 
components and 
ranged between 
0-100, but it is not 
clear when this 
was completed 

None In overweight 

and obese 

individuals, BMI 

positively 

correlates to 

NO 

concentration 

(r=0.9996, 

p=0.0189); 

higher 

concentration in 

those 
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 recruited or if 

random 
Collection amount: 
3ml collected 

 Correlation 
between BMI and 

   overweight 

/obese 

YHEI had a 

modest non- 

significant 

correlation with 

NO 

concentration 

(r=0.946, 

p=0.2101) 

BMI showed a 

modest 

correlation with 

YHEI scores but 

it was not 

significant 

(r=0.936, 

p=0.2290) 

n=45; 15 
underweight, 15 
overweight/obes 
e (cases) and 
15 normal 
weight (controls) 

Nitric oxide – 
unknown amount 
required for 
analysis using a 
colorimetric ELISA 
kit and ELISA 
reader 

YHEI 

Mean±SD 

distribution of the 

YHEI components 

among different 

weight groups, 

including 
wholegrains, 

  vegetables, fruits, 

  dairy, meat ratio, 
snack food, soda 

  and drinks, multi- 
  vitamin use, 

  margarine and 
butter, friends 

  foods outside 

  home, visible 
animal fat, eat 

  breakfast, dinner 

  with family 

Walsh et al. 

(2006) 

Non-randomised 
crossover study 

 
Subjects aged 
19-31 years old 
were free-living 
volunteers, 
recruited at 
Trinity College, 
Dublin, Ireland – 

Collection method: 
Unstimulated saliva 
was collected at 
home, before teeth 
brushing, by using 
a chilled plain 
salivette 
(Germany), on 4 
separate mornings 

Plasma sample 

collected in a 

7ml lithium 

heparin tube 

Unknown 

amount required 

for analysis 

using H nuclear 

magnetic 

Salivary H NMR 

spectra obtained, 

choline, pyruvate, 

propionate, 

acetate, alanine, 

lactate, 

propionate 

SDs of the 

principal 

Plasma H NMR 

spectra obtained, 

Lactate (x2), 

glutamine, 

acetoacetate, 

acetate, alanine, 

valine 

SDs of the 

principal 

Dietary intake for 
visits 1 and 2 
permitted free 
food choice on the 
day before 
sample collection 

 

Food choice on 
the day before 
visit 3 was the 

None Plasma and 

saliva did not 

represent a 

sensitive 

metabolic profile 

that reflected 

acute dietary 

intake 
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all attended a 
screening 
session; height, 
weight and 
blood sample 

 
n=30; 23 women 
and 7 men 

To assess diurnal 
variation, 
participants were 
asked to collect a 
saliva sample on 
the evening before 
as well as on the 
morning of the final 
lab visit 

 
Collection time: 
Morning time as 
had fasted from 
midnight the night 
before 

 

Collection length: 
unknown 

 
Collection amount: 
unknown 

 
Unknown amount 
required for 
analysis using H 

nuclear magnetic 
resonance spectra; 
choline, pyruvate, 

propionate, acetate, 
alanine, lactate, 
propionate 

resonance 

spectra; Lactate 

(x2), glutamine, 

acetoacetate, 

acetate, alanine, 

valine 

component 

analysis scores 

and CVs of 

nuclear magnetic 

resonance (NMR) 

spectral 

intensities for 

samples from 

each laboratory 

visit across the 

four weeks 

component 

analysis scores 

and CVs of 

nuclear magnetic 

resonance (NMR) 

spectral 

intensities for 

samples from 

each laboratory 

visit across the 

four weeks 

same as visit 2 
(intra-individual 
variation) 

 
All foods were 
standardised on 
the day before 
visit 4 (inter- 
individual 
variation) 

 
Dietary intake was 
recorded on the 
day before each 
lab visit – 
diet data was not 
collected with the 
intention of 
analysis of 
nutrient intake, 
the intention was 
to use these as a 
reference for the 
interpretation of 
usual profiles and 
for the 
identification of 
foods that could 
have particularly 
influences biofluid 
metabolic profiles 

Consumption of 

a standard diet 

the day before 

collection can 

reduce inter- 

individual 

variation in urine 

of healthy 

individuals but 

not in plasma or 

saliva 

Predictive power 
of each model to 
classify samples 
as either 
morning or night 
was 75% for 
saliva 
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Yani et al. 

(2016) 

Cross-sectional 
study 

 
Children aged 
3-5 years old 
were recruited 
for a study 
conducted in 
the Ambulu sub 
district, Jember, 
East Java- 
Indonesia 

 
n=102 toddlers 

Collection method: 
Unstimulated 

 
Collection time: 
8.30-10am 

 
Collection length: 
unknown 

 
Collection amount: 
5ml saliva collected 

 

Zinc – Unknown 
amount required for 
analysis using 
atomic Absorption 
Spectrophotometer 

No serum 
measurements 

Descriptive 

results used for 

salivary zinc; 

minimum, 

maximum, 

average, SD, 

variance 

Pearson 

correlation 

between zinc 

saliva and 

nutritional status 

(no result) 

Spearman 

correlation 

between zinc 

No serum 
measurements 

Nutritional status 
measured by 
utilising the weight 
for age index 
(calibrated weight 
scales and birth 
date) 

None Significant 
positive 
correlation 
between zinc 
saliva and 
toddlers weight – 
suggests that 
saliva could be 
used to 
determine the 
change in 
concentration of 
zinc, for example, 
deficiency or 
toxic level of 
element. 
(r=0.345 and 
p=0.000) 

    saliva and 

nutritional status 

    

    Weight for age     

    descriptives;     

    minimum, 

maximum, 

    

    average, SD,     

    variance     

Antioxidant: Glutathione 

Ngamchuea 

et al. (2016) 

Cross-sectional 
study 

 
Healthy subjects 
aged 22-50 

Collection method: 
Assumed to be 
unstimulated as a 
salivette was used 

5mL venous 
blood samples 
with EDTA 
collected and 
10uL of whole 

Assumed to be 

mean±SD of 

salivary 

glutathione (uM) 

Assumed to be 
mean±SD of 
whole blood 
glutathione (uM) 

No dietary intake 
was assessed, 
but the 
measurement 
may allow 

None No strong 

correlation 

between whole 

blood and 

salivary 
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years old, were 
recruited 
through local 
and online 
advertising in 
Oxford, UK 

 
n=15; 13 women 
and 2 men 

(normally used with 
a cotton plug) 

 
Collection time: 

unknown 

Collection length: 

1 minute 

Collection amount: 
Unknown 

Total salivary 

glutathione – 

Unknown amount 

required for 

analysis using 

Tietze enzymatic 

kinetic assay and 

spectrophotometer 

blood was 
haemolysed 

 
Glutathione in 
whole blood – 
100ul required 
for analysis 
using 
spectrophotome 
ter 

Correlation 

between salivary 

and whole blood 

glutathione 

Correlation 

between age and 

salivary 

glutathione 

Correlation 
between age and 
whole blood 
glutathione 

assessment of 
antioxidant status 

glutathione in 

healthy people – 

weak positive 

non-significant 

relationship 

The use of 

saliva as a 

diagnostic 

specimen of 

oxidative status 

in general is not 

likely and is not 

an appropriate 

marker for the 

general state of 

health, but may 

be used as a 

biomarker in 

specific 

diseases 

remains a 

possibility 
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Appendix 4 (A-E): Summary tables for quality assessment according to study design 

 
a) Case-control studies 

 

 
Author Selection 

(max. 4 
stars) 

Comparability 
(max. 2 stars) 

Exposure 
(max. 3 
stars) 

Total Score 
(max. 9) 

Abikshyeet et 
al. (2012) 

*  ** 3 

Agarwal et al. 
(1984) 

*  * 2 

Aghazadeh et 
al. (2016) 

*  ** 3 

Al-Rawi 
(2011) 

** ** ** 6 

Al-Zahawi et al. 
(2012) 

** * ** 5 

Amer et al. 
(2001) 

 * ** 3 

Aydin et al. 
(2007) 

**  ** 4 

Buduneli et al. 
(2008) 

**  ** 4 

Canatan and 
Akdeniz (2012) 

* ** ** 5 

Carramolino- 
Cuellar et al. 
(2017) 

*** ** ** 7 

Cheatham et al. 
(1984) 

** ** * 5 

Cripps et al. 
(2008) 

*  * 2 

De Campos et 
al. (2014) 

**  ** 4 

Dodds et al. 
(1997) 

** **  4 

El-Shobaki et 
al. (1978) 

*  ** 3 

Fonteles et al. 
(2012) 

**  ** 4 

Free-land 
Graves et al. 
(1980) 

***  ** 5 

Hartman et al. 
(2013) 

*  ** 3 

Hartman et al. 
(2016) 

** ** ** 6 

Hegde et al. 
(2010) 

** * ** 5 

Ibrahim et al. 
(1978) 

*  ** 3 
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Ishioka (1956)   ** 2 

Jagannathan et 
al. (2012) 

*  ** 3 

Johansson et 
al. (1994) 

** ** ** 6 

Kolarzyk et al. 
(2006) 

* ** ** 5 

Lasisi et al. 
(2012) 

** ** ** 6 

Lima-Aragao et 
al. (2016) 

** ** ** 6 

Lopez et al. 
(2003) 

*  * 2 

Mahadevan 

and Velavan 
(2013) 

* * ** 4 

Mahdavi et al. 
(2012) 

***  ** 5 

Manjrekar et al. 
(2012) 

***  * 4 

Martinez et al. 
(2018) 

***  ** 5 

McMurray et al. 
(1977) 

**  ** 4 

Mishra et al. 
(1992) 

** * ** 5 

Mukherji et al. 
(1982) 

** ** ** 6 

Panchbhai et 
al. (2010) 

** ** ** 6 

Pannunzio et 
al. (2010) 

***  * 4 

Paszynska et 
al. (2018) 

*** ** ** 7 

Shirzaiy et al. 
(2015) 

**** ** ** 8 

Szabo et al. 
(1988) 

 * ** 3 

Vasconcelos et 
al. (2010) 

*  ** 3 

Vaziri et al. 
(2009) 

* ** ** 5 

Vitale et al. 
(2014) 

**  ** 4 

Vors et al. 
(2015) 

*  ** 3 

Watson et al. 
(1977) 

** * ** 5 

 Average 4.38 

Range 2-8 
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b) Cross-sectional studies 
 

Author Selection 
(max. 5 stars) 

Comparability 
(max. 2 stars) 

Exposure 
(max. 3 stars) 

Total Score 
(max. 10) 

Karjalainen et 
al. (1997) 

* * ** 4 

Kedjarune et 
al. (1997) 

*  ** 3 

Higashi et al. 
(2008) 

*  * 2 

Mazengo et al. 
(1994) 

* ** ** 5 

Mejean et al. 
(2015) 

* ** ** 5 

Meurman et al. 
(2002) 

**  ** 4 

Murayama et 
al. (1999) 

*  *** 4 

Ngamchuea et 
al. (2016) 

**  *** 5 

Soares et al. 
(2009) 

**  ** 4 

Yamaguchi et 
al. (1998) 

*  * 2 

Yani et al. 
(2016) 

*  * 2 

 Average 3.64 

Range 2-5 
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c) Randomised controlled trials 
 

Author Random 
sequence 
allocation 

Allocation 
concealment 

Selective 
Reporting 

Other 
Bias 

Blinding of 
participants 
and 
personnel 

Blinding of 
outcome 
assessment 

Incomplete 
outcome 
data 

Overall 
judgement 

Javid et 
al. 
(2013) 

Low risk Unclear Low risk Low 
risk 

Unclear Low risk Low risk Fair quality 

(2 criteria 
unclear but 
assessment 
unlikely to 
have biased 
outcome 
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d) Randomised controlled cross-over trials 
 

Author Appropriate 
crossover 
design 

Randomised 
treatment 
order 

Carry- 
over 
effect 

Unbiased 
data 

Allocation 
concealment 

Blinding Incomplete 
outcome 
data 

Selective 
outcome 
reporting 

Other 
bias 

Number 
of low 
risk 

Overall 
judgement 

Bondonno 
et al. 
(2014) 

Low risk Low risk Unclear Low risk Unclear Low risk Low risk Low risk Low 
risk 

7 Fair quality 

Jacob et 
al. (1987) * 

Low risk High risk Low 
risk 

High risk High risk High risk High risk High risk Low 
risk 

3 Poor 
quality 

Leggott et 
al. (1986) * 

Low risk High risk Low 
risk 

Low risk High risk High risk Low risk Low risk Low 
risk 

6 Poor 
quality 

Turnlund 

et al. 
(1990) * 

Low risk High risk Low 
risk 

Low risk High risk High risk High risk Low risk Low 
risk 

5 Poor 
quality 

Walsh et 
al. (2006)* 

Low risk Low risk Low 
risk 

Low risk Low risk Low risk Low risk Low risk Low 
risk 

9 Good 
quality 

*non-randomised cross-over study – closest quality assessment 
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e) Before and after study with no control group 
 

Author Study 
question 
clearly 
stated 

Eligibility 
criteria 
pre- 
specified 
and 
clearly 
described 

Representative 
participants 

All eligible 
participants 
included 

Sample 
size 

Intervention 
clearly 
described 
and 
delivered 

Outcome 
measures 
clearly 
defined, 
valid, 
reliable and 
assessed 
consistently 

Blinded 
when 
assessing 
outcomes 

Loss to 
follow up 
desirable 
(>80%) 

Statistical 
methods 
before and 
after 
intervention 

Outcome 
measures 
assessed 
multiple 
times 
before and 
after 
intervention 

Total 
score 
(out 
of 11) 

Bondonno 
et al. 
(2015) 

Yes No Yes Yes Yes Yes Yes No Yes Yes Yes 9 

Freire et 
al. (2013) 

Yes No No Yes No Yes Yes No Yes Yes No 6 

Higashi et 
al. (2008) 

Yes No No No No Yes Yes No Yes Yes Yes 6 
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Appendix 5: SOP for saliva sampling using the Greiner Bio-One Saliva Collection 
System 

 

 

SALIVA SAMPLING FOR USE AT CENTRE FOR PUBLIC HEALTH, 

QUB AND IN THE COMMUNITY 

 
In advance you must: 

 

 Read and become familiar with the risk assessment for saliva handling 
 

Required Personal Protective Equipment (PPE) 

 

 Disposable plastic gloves 
 

Other equipment required: 

 

 Clock or stopwatch 
 Greiner Bio-One Saliva Collection System containing saliva extraction 

solution, saliva collection beaker and saliva transfer tubes (see Table 1) 
 Fresh water for participant to drink following the saliva collection 

completion 
 Cool bag 
 Ice pack 
 White roll (for any spillages) 
 Surface cleaner (for any spillages) 
 Clinical waste container (large SHARPS bin) 

 

Table 1: Product Description and Composition: 

Tube 1 Saliva Extraction 
Solution 
(For specimen collection) 

(royal blue cap) contains 4ml Saliva Extraction 

Solution (39 mM citrate buffer, FC&C yellow 
n°5 (tartrazine), yellow, microbiologically tested 

Beaker 2 
(Serves as collection 
container, and for hygienic 
transfer of the specimen 
material) 

(orange lid) empty 

Date of Creation: 21.03.2016

Author: Charlotte Neville/Laura McGowan 

Revision Number: -01 

CENTRE for PUBLIC HEALTH 

Standard Operating Procedure 

Document No. LP 309 
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Tube 3 Saliva Transfer 
Tube 

(Provide safe transport, 
storage and stabilisation of 

(orange cap) 2 x evacuated tube for saliva 
transfer contains 4mg sodium azide in 
crystalline form DO NOT OPEN TUBE OR 
REMOVE PLASTIC SEAL! 
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Appendix 5: SOP for saliva sampling using the Greiner Bio-One Saliva Collection 
System 

 

 

Precautions and Warnings: 

For correct implementation of the system, the donor’s active participation is 
required. If this is not guaranteed, or only partly possible, application is not 
recommended. 

 
If the donor has a blocked nose, saliva collection using this system is not to be 
carried out. If there are mouth injuries (e.g. dental treatments with open 
wounds), saliva collection is not to be carried out using this system. Promptly 
dispose of the used collection beaker in an approved disposal container in 
accordance with the procedures of your facility. 

 

On the day of the saliva sampling: 

 

 No food or liquids for participant at least 10 minutes prior to saliva collection. 
 

 Prepare kit. Each kit should have 1x Tube 1, 1x Beaker 2 and 2x Tube 3. 
o Tube 1: The Saliva Extraction Solution contains the food dye 

FD&C yellow n°5 (tartrazine). If any saliva extraction solution is 
swallowed, there is no health risk. 

o Occasionally an allergic reaction to FD&C yellow n°5 (tartrazine) 
may occur. Persons who do not tolerate aspirin and/or benzoic 
acid as well as asthmatics could be affected by this. Application is 
not recommended, if such cases of intolerance are known. 

o Beaker 2: The round safety sticker should only be removed when 
saliva is being transferred into tube 3. After transfer, the sticker 
should be replaced. Fingers should not be placed into the opening! 
Risk of needlestick! The saliva collection beaker should be kept 
out of children’s reach. 

o 2 x Tubes 3: The tubes contain sodium azide, which is poisonous*. 
The tubes are not to be opened (the orange cap should not be 
pulled off). The tubes should be kept out of children’s reach. In 
case of accidental swallowing, doctor’s advice should be sought 
immediately, with reference to the instructions. 

 

 Put gloves on. 
 

 Remove the lid of the blue topped saliva extraction solution tube (Tube 1). 
Ask the participant to swirl the solution round the inside of their mouth and 
rinse out their mouth for 2 minutes. Tell them it has a very mild/diluted citrus 

the collected specimen material) 
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flavour. Care should be taken that none of the liquid is swallowed, although 
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Appendix 5: SOP for saliva sampling using the Greiner Bio-One Saliva Collection System 
 

in general, there is no risk (see precautions and warnings). (Please note 

Tube 1 must be used immediately on opening). 
 

 Unscrew beaker 2 and ask the participant to spit their saliva solution out into 
the saliva collection beaker (orange lidded beaker 2). If the participant 
wishes, he/she can do this in the privacy of their bathroom. 

 

 Screw the lid back on beaker 2. 
 

 Remove round safety sticker from beaker 2 and keep it. 
 

 Transfer the saliva sample to the saliva transfer tube by attaching the saliva 
transfer tube (Tube 3) to the saliva collection beaker as follows: Hold beaker 
2 on a flat surface, so that the end of the aspiration mouth is dipped into the 
liquid. Take tubes 3 (DO NOT OPEN) and push down onto the opening, 
overcoming a slight resistance. 

 

 If this procedure has been carried out correctly, tube 3 should fill by itself. 
When the tube is full, pull it off. NB: The tube does not fill completely. Fill 
volume of max. 3.5ml possible. 

 

 If liquid is left over in beaker 2, repeat point above with tube 3. If this is not 
possible, the liquid in the first tube 3 is sufficient (aim for two filled tube 3’s). 

 

 If both tubes have been filled, and there is still fluid left in beaker 2 then this 
is to be disposed of together with beaker 2 in a temporary clinical waste bag. 

 

 Invert (both or single) tube 3 several (5 x) times. 
 

 Label the saliva transfer tube 3. 
 

 After use, seal beaker 2 again with the round safety sticker. 
 

 Dispose of the other tubes and beaker into clinical waste or suitable 
temporary clinical waste bag i.e., the saliva extraction solution tube and 
saliva collection beaker. 

 

 Remove gloves, place in the clinical waste bin or suitable temporary clinical 
waste bag and wash hands. 

 

 Encourage the participant to have a drink of water to clear their mouth of any 
saliva solution. 
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Appendix 5: SOP for saliva sampling using the Greiner Bio-One Saliva Collection System 
 

 The filled tubes 3 should be taken/transported into the research laboratory as 
soon as possible. Storage at 2 – 8°C in a refrigerator is permissible so use a 
cool bag with ice pack until returned to lab. 

 
 

Important notes on Saliva Collection: 

 Do not use any part of the kit after the use-by date. 
 

 No food or liquids at least 10 minutes prior to saliva collection. 
 

 The components of the system should be used in numerical sequence. 
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Appendix 6: SOP for saliva processing using the Greiner Bio-One Saliva Collection 

System 

 
 
 
 
 
 
 
 
 
 
 

  SALIVA SAMPLE PROCESSING  

 

 
General 

 
 Wear a white laboratory coat and protective gloves while 

processing samples in the laboratory

 Ensure all waste has been appropriately disposed of and the lab 

area is clean and tidy when leaving

 Ensure that you have the appropriate paperwork while 

processing the saliva samples in the laboratory i.e. laboratory 

record sheet, saliva processing worksheet

 Saliva is Human Tissue Act relevant and therefore it is important 

that all samples are added to the QUB HTA database.

Materials required 

 

 Saliva tubes

 Several Pasteur (transfer) pipettes

 1 x Sarstedt box

 1 x permanent marker

 Tubee labels

 Laboratory record sheet (located in participant CRF)

 Laboratory file containing saliva processing worksheet

Date of Original Creation: 24/11/2017 

Author: Charlotte Neville 

Version Number: 1 

Date of revision:  24 November 2018 

CENTRE for PUBLIC HEALT 
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Appendix 6: SOP for saliva processing using the Greiner Bio-One Saliva Collection 

System 

 

Protocol 

 

1. Wear white coat, protective gloves and goggles at all times in the 

laboratory. 

2. Place o-rings onto holder tray 

3. Collect clear tops for o-rings 

4. Print labels for o-rings. Labels to state Study name/acronym, type of 

sample i.e. saliva or saliva debris, participant number and ethics 

code. 

5. Place the tube containing the saliva sample into the centrifuge (IEC 

Centra-4R). Make sure the cups in the centrifuge are balanced. 

6. Spin at 1,000 x g for 15 minutes at 4C. 

7. Record the time of centrifuging onto the laboratory record sheet 

8. When the centrifuge is finished, remove the sample and place them 

onto a carrier tray. 

9. Transfer the supernatant from the saliva tube to the o-rings 

i. Take the top off the saliva tube. 

ii. Use a transfer pipette to transfer the supernatant from the 

saliva tube to the o-rings. 

iii. Ensure that only supernatant is transferred. 

iv. Close the o-rings by attaching clear tops. 

v. Attach labels (NIDAS SALIVA) 

10. Transfer the remaining saliva debris to the o-rings using a transfer 

pipette. Close the o-rings by attaching clear tops. Attach labels 

(NIDAS SALIVA DEBRIS) 

11. Complete the saliva processing worksheet for the supernatant and the 

debris. 

12. Collect a Sarstedt box and mark this using a permanent marker with 

the following annotations 

i. Study name/acronym 

ii. Type of samples (i.e. saliva supernatant and debris) 

iii. Name of Principal Investigator 



432  

Appendix 6: SOP for saliva processing using the Greiner Bio-One Saliva 

Collection System 

 

iv. Ethics code 

 
13. Store participant’s o-rings in each Sarstedt box and place box inside 

the designated -800C freezer. 

 
 

Ensure that all waste is appropriately disposed of (making sure the 

empty saliva tubes have been re-lidded and placed into one of the HTA 

labelled hard yellow waste disposal containers located in the 

laboratory). 

Leave the laboratory area in a clean and tidy manner and wipe all benches down 

with alcohol. After processing has been completed, make sure the labs records 

are placed into the appropriate CRFs. 
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Appendix 7: SOP for unstimulated saliva sampling using the spitting method 

 
 
 
 
 
 
 
 

 

SALIVA SAMPLING (UNSTIMULATED SPITTING METHOD) FOR USE 

AT CENTRE FOR PUBLIC HEALTH, QUB AND IN THE COMMUNITY 

 
In advance you must: 

 

 Read and become familiar with the risk assessment for saliva handling 
 

Required Personal Protective Equipment (PPE): 

 

 Disposable plastic gloves should be worn when handling saliva collection 
tubes 

 

Other equipment required: 

 

 Polypropylene 15ml collection tubes 

 Polystyrene cups and crushed ice 

 Cool bag and ice pack (if collecting off-site) 

 Clock or stopwatch 

 Permanent marker 

 White roll (for any spillages) 
 

Precautions and Warnings: 

 

 Any saliva samples visibly contaminated with blood should be discarded 
and recollected if time permits 

 

Important notes on Saliva Collection: 

 

 Saliva samples should ideally be collected in the morning time – if 
multiple samples are collected from each participant this should be 
around the same time at each time point to ensure consistency 

 

 Participants should remove any dentures before saliva collection 

Date of Creation: 02.08.2018

Author: Danielle Logan

Revision Number: -01 

Revision Date: 02.08.2019 
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Appendix 7: SOP for unstimulated saliva sampling using the spitting method 
 

 Participants should be in the fasting state or at least should not have 
consumed any food at least 2 hours before saliva collection 

 

 Participants should not consume any alcohol or liquids containing 
caffeine (e.g. coffee, tea) at least 2 hours before saliva collection 

 

 Participants should not brush their teeth 45 minutes before or smoke 
before saliva collection 

 

 Participants should not have any dental work performed in the previous 
24 hours before saliva collection 

 

On the day of the Saliva Sampling: 

 

 Participants should complete a short questionnaire before beginning 
saliva collection in relation to factors that may affect salivary biomarkers 
(e.g. food, liquids containing caffeine, alcohol, smoking, menstruation) 

 

 Participants should be instructed to sit upright with their head slightly 
titled forward to allow saliva to accumulate in the floor of their mouth 

 

 Participants will be asked to avoid swallowing saliva during the 
collection period 

 

 Wearing gloves, label the date, participant number and time point on 
the saliva collection tube using a permanent marker – this information will 
be enough until detailed freezer labels are added after centrifuging 

 

 Place the saliva collection tube (with lid removed) into a polystyrene cup 
with crushed ice and give this to participants 

 

 Begin the timer for 5 minutes 
 

 Participants should then spit all saliva produced for a total of 5 minutes 
into the collection tube 

 

 At the end of the 5 minutes, the lid will be replaced on the collection tube 
in the polystyrene cup 

 
 Remove gloves, place any waste (e.g. paper towels) into a suitable waste 

bag and wash hands 
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Appendix 7: SOP for unstimulated saliva sampling using the spitting method 
 

 If saliva collection is on-site, the filled saliva collection tube should be 

transported straightaway in the polystyrene cup with crushed ice to the 
research laboratory 

 

 If saliva collection is off-site, storage at 2 – 8°C in a refrigerator is 
permissible so use a cool bag with ice pack to store the saliva samples 
until returned to laboratory 
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Appendix 8: SOP for unstimulated saliva processing using the spitting method 

 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

General: 

 

 Wear a white laboratory coat and protective gloves while 

processing samples in the laboratory

 Ensure all waste has been appropriately disposed of and the lab 

area is clean and tidy when leaving

 Ensure that you have the appropriate paperwork while 

processing the saliva samples in the laboratory i.e. laboratory 

record sheet, saliva processing worksheet

 Saliva is Human Tissue Act relevant and therefore it is important 

that all samples are added to the QUB HTA database.

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Saliva Processing (Unstimulated spitting method) SOP 2nd August 2018 DL V1 

SALIVA SAMPLE (UNSTIMULATED SPITTING 

METHOD) PROCESSING 
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Appendix 8: SOP for unstimulated saliva processing using the spitting method 

 

 

Materials required: 

 

 Polypropylene 15ml collection tubes 

 Several Pasteur (transfer) pipettes 

 Sarstedt storage boxes 

 Permanent marker 

 Tubee labels 

 O-rings 

 Black lids 

 Green lids 
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Appendix 8: SOP for unstimulated saliva processing using the spitting method 

 

 

Protocol: 

 

1. Wear white coat, protective gloves and goggles at all times in the 

laboratory 

2. Place o-rings onto holder tray 

3. Collect black and green tops for o-rings 

4. Print labels for o-rings - labels to state study name/acronym, type of 

sample i.e. saliva or saliva debris, participant number, study visit 

and ethics code 

5. Place the tube containing the saliva sample into the centrifuge (IEC 

Centra-4R) – make sure the cups in the centrifuge are balanced 

6. Spin at 800 x g for 10 minutes at 4C 

7. Record the time of centrifuging onto the laboratory record sheet 

8. When the centrifuge is finished, remove the sample and place them 

onto a carrier tray 

9. Transfer the supernatant from the saliva tube to the o-rings 

i. Take the top off the saliva collection tube 

ii. Use a transfer pipette to transfer the supernatant from the 

saliva tube to the o-rings 

iii. Ensure that only supernatant is transferred 

iv. Close the o-rings by attaching black tops 

v. Attach labels (SPIT SALIVA) 

10. Transfer the remaining saliva debris to the o-rings using a transfer 

pipette. Close the o-rings by attaching green tops. Attach labels (SPIT 

SALIVA DEBRIS) 

11. Complete the saliva processing worksheet for the supernatant and the 

debris 

12. Collect a Sarstedt box and mark this using a permanent marker with 

the following annotations 

i. Study name/acronym 

ii. Type of samples (i.e. saliva supernatant and debris) 

Saliva Processing (Unstimulated spitting method) SOP 2nd August 2018 DL V1 
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Appendix 8: SOP for unstimulated saliva processing using the spitting method 

 

 

iii. Name of Principal Investigator 

iv. Ethics code 

v. Participant number (e.g. 1-25) and study visit number 

13. Store participant’s o-rings in each Sarstedt box and place box inside 

the designated -800C freezer to be stored for later analysis 

 
 
 

 
Ensure that all waste is appropriately disposed of (making sure the 

empty saliva tubes have been re-lidded and placed into one of the HTA 

labelled hard yellow waste disposal containers located in the 

laboratory). 

Leave the laboratory area in a clean and tidy manner and wipe all benches down 

with alcohol. After processing has been completed, make sure the labs records 

are placed into the appropriate CRFs. 
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Appendix 9: Participant Information Sheet for participants in BBL study in Chapter 4 

 
 

 

Information leaflet for participants 

 

Title: The effect of physical activity on salivary biomarkers. 

 
Background: 

During January to March 2018, you have signed up to take part in Ballygalget’s Biggest Loser 2018 

– a community-based health promotion and physical activity challenge that is organised by a team 

at, and on behalf of, Ballygalget Gaelic Athletic Club (GAC). You may be a participant, motivator, 

committee member/organiser or are taking part in another way. Ballygalget GAC are now 

partnering with researchers at Queen’s University Belfast to conduct a study on the effect of 

physical activity on biomarkers in the body. The research will assess the biomarkers in saliva 

samples. 

 
What does this research study aim to do? 

This research aims to measure your physical activity levels over two seven day periods during 

Ballygalget’s Biggest Loser. We will then investigate the association between physical activity 

levels and levels of certain biomarkers within saliva samples. The results will be used to better 

understand the biological mechanisms underpinning why physical activity may be beneficial for 

health. We will not evaluate your genetic information or DNA. 

 
The results from the study will be used for educational research projects being undertaken by a 

final year Biomedical Sciences degree student (Mr Cormac Coulter) and a PhD student (Miss 

Danielle Logan) at Queen’s University Belfast. The data collected will be anonymised, and 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 treated in an anonymous manner. No 

one will be identifiable in any data produced from this study. 

 

Who will be included in the study? 

We will recruit adults aged 25-65 years who are taking part in Ballygalget’s Biggest Loser 2018, to 

participate in this research study. Unfortunately we do not wish to recruit younger or older adults 

than this age range, due to potential differences in the impact of physical activity on hormonal 

changes and salivary biomarkers in these younger and older age groups. 

 
If you participate in this evaluation what will you be required to do? 
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We will ask you to do the following for this study over two separate seven day periods during 

Ballygalget’s Biggest Loser 2018, one at the start and one at the end of the nine week challenge: 

 

(1) We will ask you to complete a short questionnaire at the start and end of each seven day 
period. You may omit any questions that you do not wish to answer. 

(2) We will ask you to wear an accelerometer for two seven day periods and keep a diary 
related to its use. This is a device that can attach to your hip and will measure your activity 
levels. It should not interfere with your ability to take part in physical activity. 



Version 1.0 21/11/17 H. Coleman 

442 

 

Further details are provider in the accelerometer information leaflet. If you experience 

discomfort from wearing the accelerometer, please contact one of the researchers for 

advice – contact details are below. 

(3) We will also ask you to provide a saliva sample at the start and at the end of each seven 
day period (and therefore to provide four saliva samples in total). This saliva sample will 
then be analysed for biomarkers. We ask that you don’t eat and only drink water in the 
hour prior to providing the saliva sample. 

 

Your participation in this research study is entirely voluntary and you may decide not to complete 

this research study at any time and for any reason, without having to give an explanation. Your 

participation will not affect your treatment or participation in Ballygalget’s Biggest Loser. 

 
When and where will this study take place? 

You will be asked to complete the questionnaires, provide the saliva samples, and receive or 

return the accelerometer on Tuesday evenings at weigh in during Ballygalget’s Biggest Loser. This 

will take place over a one week period at the start, and then again over a one week period towards 

the end of Ballygalget’s Biggest Loser. Ballygalget’s Biggest Loser runs from Tuesday 2nd January 

until Tuesday 6th March 2018. 

 
How much of your time will your participation require? 

Provision of the saliva sample, completion of the questionnaire and receiving instructions on the 

use of the accelerometer should take approximately 10-15 minutes to complete. 

 

You will not receive information about your individual results, but we will organise a talk for 
participants to communicate the results from the study within three months of the completion of 

Ballygalget’s Biggest Loser. 

 
 

Should you have any concerns during the research study, or if you have any further questions you 

can contact Dr Fionnuala Lundy, Dr Helen Coleman or Dr Ruth Hunter at: 

 

Queen’s University Belfast, 

Institute of Clinical Science-B Building, Royal Victoria Hospital, 

Grosvenor Road, Belfast, BT12 6BJ 

Dr Fionnuala Lundy: 02890976387 (E-mail: f.lundy@qub.ac.uk) 

Dr Helen Coleman: 02890978953 (E-Mail: h.coleman@qub.ac.uk) 

Dr Ruth Hunter: 02890976431 (E-mail: ruth.hunter@qub.ac.uk) 

mailto:f.lundy@qub.ac.uk
mailto:h.coleman@qub.ac.uk
mailto:ruth.hunter@qub.ac.uk
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Appendix 10: Consent form completed by participants in BBL study in Chapter 4 

 

  Study ID_  _ 

Consent Form 

 

Title of the project: The effect of physical activity on salivary biomarkers 
 

Please initial box 

 
1. I confirm that I have been given and have read and understand the Information [ ] 

Leaflet for the above study. I have had the opportunity to ask, and receive 
answers to any questions I may have had. 

  

2. I understand that my participation is voluntary and that I am free to withdraw [ ] 

at any time, without giving any reason.   

3. I agree to take part in the above study, inclusive of the procedures mentioned 
in the Information Leaflet (questionnaires, wearing an accelerometer, saliva 

[ ] 

collection).   

4. I understand that my participation or non-participation will not affect my 
career progression, my medical care or my legal rights being affected 

[ ] 

in anyway.   

5. I understand all data will be treated securely as described by Data Protection 
and stored appropriately as required by the University. 

[ ] 

6. I understand that data will be used for research purposes and for future [ ] 
publications. I will not be identifiable in any data published in relation to this   

project.   

7. I consent for the saliva samples provided to be analysed in future biomarker [ ] 
studies. These will not include analysis of my DNA or genetic analysis.   

I agree to take part in this project 

 
 

 

Name of Participant Date Signature 

 
 

 

Name of Person taking consent Date Signature 

(if different from Researcher) 
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_Dr Helen Coleman                                                                                                          

Name of Researcher  Date   Signature 
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Name of Researcher: Dr Helen Coleman 

 

Contact details of researcher: Centre for Public Health, Queen’s University Belfast, ICS- B 

Building, Royal Victoria Hospital site, Grosvenor Rd, Belfast, BT12 6BJ. Email: 

h.coleman@qub.ac.uk; Tel: 02890978953. 

 

Please keep a copy of this form for yourself and return the other copy to the Researcher. Thank 
you for your participation in this research project. 

 
 

One copy for Researcher and one copy for the subject 

mailto:h.coleman@qub.ac.uk
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Appendix 11: Questionnaires A and B used in BBL study in Chapter 4 

 

 

 
 

The effect of physical activity on salivary biomarkers. 

Thank you very much for participating in this research study of the effect of physical activity on salivary 

biomarkers. Please complete the short questionnaire below, which asks about your demographics, 

some general lifestyle questions and things that may be affecting your biomarker levels today. The 

results will be used to better understand the biological mechanisms underpinning why physical activity 

may be beneficial for health. Your completion of this questionnaire is voluntary and you can omit any 

questions that you do not want to answer. Thank you! 

 

 
DATE QUESTIONNAIRE COMPLETED: DD / MON / YYYY 

Please circle the appropriate answer or provide information on this 

SECTION A: BASELINE QUESTIONNAIRE (RESEARCH STUDY TIMEPOINT 1 ONLY) 

 

1. What age are you?  years 

2. Are you? Male Female Prefer not to say 

3. Do you have any medical conditions?: Yes No Unknown 

3a. If yes, please list here: 

4. How would you describe your main occupation? If 

retired please indicate this. 

 
Not applicable 

5. How would you describe your ethnicity/racial group?  Prefer not to say 

6. What is your current height?  (ft, in) or (cm) 

7. Do you drink alcohol? Yes No Prefer not to say 

8. Do you smoke cigarettes, cigars or a pipe (not 

including e-cigarettes)? 
Yes No Prefer not to say 

9. Do you smoke e-cigarettes? Yes No Prefer not to say 

10. Do you regularly (at least once a week for 3 months 

or more) take Pain killers or anti-inflammatory 

agents such as, for example: Aspirin, Paracetamol, 

Ibuprofen, Cortisone etc? 

 
 

Yes 

 
 

No 

 
 

Unknown 

11. Do you regularly (at least once a week for 3 months 

or more) take hormonal medications eg. HRT, oral 

contraceptives, testosterone? 

 
Yes 

 
No 

 
Unknown 

12. Do you regularly (at least once a week for 3 months 

or more) take any other medications? 
Yes No Unknown 

12a. If yes, please list:  Not applicable 

Study ID: 
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13. How many portions of fruit and vegetables do you 

eat each day? 

 
portions/day 
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The effect of physical activity on salivary biomarkers. 

Thank you very much for participating in this research study of the effect of physical activity on salivary 

biomarkers. Please complete the short questionnaire below, which asks about your demographics, 

some general lifestyle questions and things that may be affecting your biomarker levels today. The 

results will be used to better understand the biological mechanisms underpinning why physical activity 

may be beneficial for health. Your completion of this questionnaire is voluntary and you can omit any 

questions that you do not want to answer. Thank you! 

 

 
DATE QUESTIONNAIRE COMPLETED: DD / MON / YYYY 

Please circle the appropriate answer or provide information on this 

SECTION B: QUESTIONNAIRE ON DAILY FACTORS (ALL RESEARCH STUDY TIMEPOINTS) 

 
 
 

The following questions all relate to potential factors that could influence biomarkers in 

your saliva today: 

 
1. Have you eaten food in the past hour? Yes No Unknown 

2. Have you drank any liquids other than water in 

the past hour? 
Yes No Unknown 

3. Have you drank any liquids containing caffeine 

today (eg. tea, coffee, cola drinks)? 
Yes No Unknown 

3a. If yes, how many cups/glasses have you had today?   

4. What is your current weight? st lb Unknown 

5. Ladies only, are you menstruating currently? Yes No Unknown 

Study ID: 
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Appendix 12: Accelerometer leaflet for participants in BBL study in Chapter 4 

 
 

 

Accelerometer (Physical Activity Monitor) leaflet for participants 

 

Title of research study: The effect of physical activity on salivary biomarkers. 

 
Please wear this physical activity monitor (called an accelerometer) for seven days in a row. You 

can begin to wear the monitor from when the researcher leaves you until they return to collect 

it; although please ensure that you have seven full days of wear e.g. waking until going to bed 

would be regarded as a ‘full day’. For the time you wear the monitor please continue with your 

normal daily activities. 

 
The physical activity monitor that you have been provided with will keep track of your movement 

throughout the day and record any physical activity that you participate in. We ask that you put 

the monitor on as soon as you wake up and get out of bed in the morning and only remove it for 

the duration that you are participating in any activities that involve water for example showering, 

bathing, swimming or any other water based activities. 

 

How to wear a physical activity monitor 

 
This particular type of physical activity monitor is best placed on the right hip (see photo). The 

researcher will provide you with an elasticated belt that ensures the monitor will be securely 

fastened around your waist. Always place the belt clip to the front and ensure that the monitor is 

resting on your right hip about half way round your body. It is your decision if you decide to wear 

the monitor above or below your clothes this will depend on where you find it comfortable or 

possibly what you are wearing. For extra security if you are wearing trousers with belt loops it is 

possible to loop the elasticated belt through the belt loops as you would a normal belt. 
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The effect of physical activity on salivary biomarkers. 

 

ACCELEROMETER WEAR TIME DIARY 

Please write down any times you take your monitor off and when you put it back on. 

 
Day number Day of week Time monitors on in morning Time monitors off at night Other times when monitor removed 

EXAMPLE MONDAY 10.00am 10.30pm 7.00-8.00pm when swimming 

9.30-10.00pm had a shower 

1     

2     

3     

4     

5     

6     

7     

 

 

Study ID number: 



441  

Version 1.0 21/11/17 H. Coleman 



452  

Appendix 13: Dental Questionnaire used in PRIME study in Chapter 5 

PRIME Study IDNUM I 3 I 41  

 
DENTAL QUESTIONNAIRE (1) 

 

DENTALl Do you have any discomfort or ttouble with your te.eth when 

you are eating or drinking? @= NO 

 

 
DENTAL2 

"'G 

Aany of your te.eth loose? 

"cv-,).D,J:, 

l=YES 

 
@NO 

I =YES 

 

DENTAL3 

 

 

 
DENTAL4 

Have your gums bled at all in the last 4 weeks, for example 

when you brush them? {Qr NO 

1 =YES 

 

If you went to the dentist tomorrow do vou think you 

would need any tteatmeat or not? 

©=NO 

1 =- YES 

2 = Don't know 

 

 

 

 
 

DENTALS 

About the dental treatment you have had over the whole of 
your lifetime, right from the first time you went  to the 

dentist, including when you were a child. 

 

Have you ever had a scale and polish by the.dentist? 

tiY=NO 

1 = YES 

DENTAL6 Have you ever had a denture fitted?  

0=NO 

(BYES 

 

If YES, how old were you when you first had a denture? 

Age in years. 30s  Yrs 

 
DENTAL7 

 

 

 

 

 

DENTALS 
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Is your 

present 

denture for 

the upper 

jaw, the 

lower jaw 

or both 

jaurs? 

I

=  

U

p

p

e

r 

2

=

L

o

w

e

r 

Q

J

: 
B

o

t

h 

I

f 

y

o

u 

w

e

n

t 

t

o 

t

h

e 

d

e

n

t

i

st with an aching back tooth would you prefer the dentist to 

take it out or fill it? 

CJ): Take it out 

2 = Fill it 
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PRIME Study IDNUM !3 j4 j e, -,--- ,-- r':I 

 

 
DENTAL QUESTIONNAIRE (2) 

 

 
DENTAL9 

 
 
 
 
 
 
 

DENTALIO 

 
 
 

 
DENTAL11 

 
 
 
 

DENTAL12 

 
 
 
 
 
 
 
 
 

 
DENTAL13 

 
 
 
 
 
 
 

DENTAL14 

 
 
 
 
 

DENTAL 15 

 
 
Do you think at sometime, you will have full dentures or do you 
think you will always keep some of your natural teeth? 

(J)= Full dentures sometime 

2 = Always keep natural teeth 

3 = Don't know 

 
Have you been to the dentist in the last six months? 

@NO 

1 =YES 

 

Are you in the middle of a course of treatmen 

(2FNO 

1=YES 

 
About how long ago was your last visit to the dentist? 

l=More than 6 months up to 1 yr ago 

2=More than 1 up to 2 yrs ago 

3=More than 2 up to 3 yrs ago 

4=More than 3 up to 5 yrs ago 

5=More than 5 up to 10 yrs ago 

6=More than 10 up to 20 yrs ago 

@More than 20 yrs ago 

O=Nevcr 

 
The last time you went to the dentist what made you go? Was it because you 

were having some trouble with your teeth or for a 

check-up or for some other reason? 

@Trouble with teeth 

2=Check-up 
3=0thcr 

 
In general, do you go to the dentist for: 

l=A regular check-up 

2=An occasional check-up 

only when you're having trouble with your teeth 

 
Would you say that nowadays you go to the dentist more often, about 

same or less often than you did five years ago? 

l=More often 

@About the same 

3=Less often 
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PRIME Study IDNUM I 3 I 41 l\!f€3 '@§Pl 
 
 

 
DENTAL QUESTIONNAIRE (3) 

DENTAL16 

 
 
 
 
 

DENTAL17 

 
 
 
 
 
 
 

 
DENTAL18 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

DENTAL19 

 
 
 
 
 

DENTAL20 

 
 
 
 
 
 

 
DENTAL21 

 
 

 
DENTAL22 

Has there been any time in your life when you have not been for a regular 

dental check-up? 

0=NO 

(!)=YES 

 
How often do you clean your teeth nowadays? 

O=Never 

l=Less than once a day 

nceaday   

3=Twice a day 

4=More than twice a day 

5=Other (Specify) 

 
At what time of the day do you cJean your teeth? 

Indicate ALL that apply. 

If morning and no breakfast record 'After breakfast' 

l=Before breakfast 

2=After breakfast 

4=Midday 

8=Tea time 

16=After evening meal 

32=When going out 

ast thing at night 

128=Other 

Nowadays there are more things available in chemist shops to help with 

dental hygiene. 

Do you use anything other than an ordinary tooth brush and 

toothpaste for dental hygiene purposes? 

0=NO 

@YES 

 
What do you use? Indicate ALL that apply 

]=Dental floss 

2=1nterdens/toothpicks/woodsticks 

4=Mouthwash 

8=lnterspace brush . 

@Other (Specify) i 

 
Has a dentist or any of the dental staff demonstrated to you how to 

clean your teeth? @= NO 

1 =YES 

 
Has a dentist or any of the dental staff given you advice on caring 

for your gums? @ NO 

1 =YES 
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Appendix 14: FFQ used in the PRIME study in Chapter 5 

IDNUM 34 

Q.9 Please put a tick () in the box to indicate how often, on average, you have 
eaten the specified amount of food during the past year. 

FOODS AND 
AMOUNTS 

AVERAGE USE LAST YEAR 
Never 

or 
less 
than 
once/ 
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 

Olive oil/Rapeseed oil 
(1 tablespoon) 

         

Fruit and natural fruit 
juice (1 portion = 1 
apple/banana 80g, 
small glass juice 
150ml) 

         

Vegetables not 
including potatoes 
but including 
raw/cooked 
vegetable, salad, 
peas, beans or lentils 
(3 tablespoons/80g) 

         

Oily fish such as 
mackerel, salmon, 
trout, herring, kippers 
or sardines 

(1 fillet/small fish or 
140g) 

         

Wine 
(1 small glass/125ml) 

         

Red meat including 
beef, pork, lamb, 
sausages, ham, 
bacon, meat pies and 
other meat products 
(1 medium serving) 

         

Wholegrain bread, 
rice or cereals 
including brown rice, 
porridge, weetabix, 
shreddies, bran 
flakes, fruit n’ fibre 
(1 medium serving) 

         

Nuts 
(1 small handful) 

         

 
 

6 
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Letter to GP Version 1: 21/12/18 

 

Appendix 15: Letter sent to GP regarding participants in the DHAS in Chapter 6 

 

 

Dr Michelle McKinley 
Reader in Nutrition (R.Nutr. Public Health) 
Centre for Public Health 

 
School of Medicine, Dentistry & Biomedica 
Sciences 
Queen's University Belfast 
Grosvenor Road 
Belfast, BT12 6BJ 

 
DD/MM/YYYY 

 

Dear Dr ………………. 
 

Re: <Name of participant> 

 

Your patient has volunteered to take part in a research study. This study is a 
cross-sectional pilot study to gather data on diet, body composition and 
physical function in older adults in order to inform the design of a 
Mediterranean diet intervention study. 

 

<Participant’s name> has been invited to participate in this study because they 
are a free living adult aged > 65 years. 

 

A summary of the study is given below: 
 

Older people can become frail which means their body is not able to respond 
in the usual way to stress and they may struggle to maintain normal bodily 
functions. A good diet may reduce the risk of frailty. In a recent review of the 
science in this area, the Mediterranean diet pattern was the dietary pattern with 
the strongest evidence for an association with frailty. Studies are needed to 
explore if eating a Mediterranean diet will reduce risk of frailty. Frailty can be 
measured in a number of ways, for example, measuring muscle mass and fat 
mass by a DEXA scan, measuring hand grip strength, and measuring physical 
function with tests such as walk tests. In order to design a Mediterranean diet 
study that will examine the effect of this diet on frailty we need to collect some 
data from older people that will allow us to work out what size our study needs 
to be. The study proposed here will allow us to do this by measuring body 
composition, physical function and frailty endpoints in an older population. This 
information will then be used to design the Mediterranean diet intervention that 
we want to conduct. 

 

If you would like any additional information about the study, please do not 
hesitate to contact me. Yours sincerely 

 

  Michelle McKinley 
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Appendix 16: Advertising study poster used in the DHAS in Chapter 6 
 

 

 

Volunteers wanted – diet 

and healthy aging study 

We are looking for volunteers who 
are aged over 65 years to take part 
in a study to investigate the 
association between diet, body 
composition, physical function and 
risk of frailty in older adults. 

 

The study will involve attending the Northern Ireland Clinical 

Research Facility at Belfast City Hospital on one occasion for 2 

hours. 

 

During the visit you will have a body scan to examine levels of 

muscle and fat in the body and you will be asked to complete 

some questionnaires. 

 

Travel expenses will be reimbursed. 
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If you would like to know more then contact; 
 

Miss Danielle Logan 

Tel:  

E-mail: dlogan11@qub.ac.uk 

 
 

Version 2 21/12/2018 

mailto:dlogan11@qub.ac.uk
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Appendix 17: Participant information sheet and consent form for the DHAS in Chapter 6  

 

Diet, body composition and physical function in older adults: a pilot study (Version 3: 07/03/2019) 

 
 

Nutrition group 

Centre for Public Health Queen’s 

University Belfast 

Institute of Clinical Science Block A 

Grosvenor Road 

Belfast, BT12 6BJ 

 

Tel: 028 9097 8936 

Email: m.mckinley@qub.ac.uk 

 

PARTICIPANT 
INFORMATION 

SHEET 
Association between diet, body composition and physical function in 

older adults: a pilot study 

 

You are being invited to take part in a research study. 

Before you decide it is important for you to understand why the research is being done 

and what it will involve. 

Please take time to read the following information carefully and discuss it with others if 
you wish. 

Ask us if there is anything that is not clear or if you would like more information. 

Take time to decide whether or not you wish to take part. 

 

Thank you for reading this. 

 
 

1. What is the purpose of the study? 

This study aims to determine if there is a link between diet, body composition and physical 
performance in adults over the age of 65 years. 

 

2. Who can take part in this research? 

You can take part if you are aged over 65 years and live independently. There will be 49 

other volunteers in the study. 

 

3. Do I have to take part? 

mailto:m.mckinley@qub.ac.uk
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It is up to you to decide whether or not to take part. If you do decide to take part you will be 

given this information sheet to keep and you will be asked to sign the consent form included 

at the end of this document. If you decide to take part you are still free to withdraw at any 

time and without giving a reason. Your normal medical care will not be affected by taking 

part in this study. 

 
 

4. What will happen to me if I take part? 

If you decide to take part you will be asked to attend the Northern Ireland Clinical Research 

Facility at Belfast City Hospital on one occasion. 

 

This visit will last approximately 2 hours. During the visit you will be asked to complete the 

following: 

- a whole body scan (also called a DXA scan) to examine body composition (i.e. 
muscle and fat in the body).The DXA scan will be carried out by a fully trained 
operator. For this scan you will lie on a padded table while a scanning arm 
passes over you, it does not involve being inside a tunnel or a ring. The scan 
will take less than 30 minutes. You will have to remove your jewellery and if 
you are wearing clothing that has metal zips, buttons, clasps or other metal 
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Diet, body composition and physical function in older adults: a pilot study (Version 3: 07/03/2019) 

 
 

parts (such as underwired bras), you will be asked to remove them or change into a 

cotton gown as metal objects interfere with the scan. You should be aware that data 

and images from the DXA scan will not be clinically reviewed by staff at NICRF. 

- a short walk test and test of grip strength to measure physical performance 
- a four-day food diary – we will give this to you at your visit along with a pre- 

paid stamped addressed envelope to return it to us when you have completed 
it. 

- four questionnaires about your health, lifestyle and daily activities that will take 
less than 25 minutes to complete 

- provide a small saliva sample. 
 

You will not receive any payment for taking part in this research study, however, reasonable 
travel expenses will be reimbursed. 

 

Your GP will be informed of your participation in this research study. 

 

5. What do I have to do? 

Meet with the research team on one occasion to have measurements taken as described 
above. 

 

We would also ask you if you would like to be contacted by researchers from Queens 

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. 

 

8. What are the possible disadvantages and risks of taking part? 

The DXA scan involves a very small amount of ionising radiation equivalent to a few hours 

exposure to background radiation in the UK. Ionising radiation can cause cell damage that 

may, after many years or decades, turn cancerous, however, the risk from the research whole 

body DXA scan is considered to be negligible. 

 

9. What are the possible benefits of taking part? 

Findings from this research will be used to determine if there is a link between diet and body 

composition and physical performance. This will provide information to allow us to develop a 

larger scale study to investigate this further. Outcomes of this work could have public health 

benefits for older people in the future. 

 

10. What if something goes wrong? 

 

Complaints: If you have a concern about any aspect of this study, you should ask to speak 

to the researchers who will do their best to answer your questions. Any complaints should 

be made, in the first instance to the Chief investigator, Dr Michelle McKinley (contact 

details at the end of this sheet) or to Dr Paula Tighe who is independent of the study team 

(contact details at the end of this sheet). Any complaint made will be treated seriously and 

reported to the appropriate authority. 
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Harm: If you are harmed by taking part in this research project, there are no special 

compensation arrangements. If you are harmed due to someone’s negligence, then you may 

have grounds for a legal action but you may have to pay for it. 

 

11. Will my taking part in this study be kept confidential? 
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Diet, body composition and physical function in older adults: a pilot study (Version 3: 07/03/2019) 

 
 

A letter will be sent to your GP to advise them that you are participating in the research. All 

information collected about you during the course of the research will be kept strictly 

confidential. Information may be looked at by responsible individuals from Queen’s University 

Belfast and will be retained on University premises. 

 

12. What will happen to any samples which I give? 

The saliva sample you provide will be anonymised and stored at -80°C in a locked freezer in 

an alarmed freezer store at the Centre for Public Health, Queen’s University Belfast until all 50 

participants have completed the study. At this stage saliva samples will be batch analysed in 

the laboratory for indicators of dietary intake (such as vitamin concentration). Samples will be 

stored for a maximum period of 10 years following completion of the study, after which time, 

any remaining samples will be destroyed. 

 

Data collected for analysis will also be kept in the Centre for Public Health, Queen’s University 

Belfast. These will only be identified by a study participant number and will be kept on a 

password protected computer in encrypted files, with paper versions in a locked cabinet, in 

a locked room. According to university policy, all anonymised data are kept securely for 10 

years before being destroyed. 

 

13. What will happen to the results of the research study? 

The anonymised results will be presented at national and/or international meetings and 

published in medical journals. At no point will anyone be able to identify you as an individual 

from these results. 

 

14. Who is organising and funding the research? 

The work is being organised by the Nutrition research group from the School of Medicine, 

Dentistry and Biomedical Sciences, Queen’s University Belfast and is funded by The Wellcome 

Trust Wolfson Northern Ireland Clinical Research Facility. 

 

15. Who has reviewed the study? 

This study has been reviewed by the UK NHS Research Ethics Committee. 

 

16. Contact for Further Information: 

Dr Michelle McKinley (Principal investigator) 

Reader 

School of Medicine, Dentistry and Biomedical Sciences 
Centre for Public Health 

Institute of Clinical Science, Block A 

Grosvenor Road 

Belfast BT12 6BJ 

 

Tel: 028 9097 8936 

E-mail: m.mckinley@qub.ac.uk 

 

17. Contact details if you have any complaints: 

Dr Paula Tighe 

mailto:m.mckinley@qub.ac.uk
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Research Governance, Ethics and Integrity Manager 

Queen’s University Belfast 

University Road 

BT7 1NN 

 

Tel: 028 9097 3861 

E-mail: p.tighe@qub.ac.uk 

mailto:p.tighe@qub.ac.uk
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The researchers would like to thank you if you decide to take part in this study. 

 

All volunteers will be provided with their own copy of this Participant Information 

Sheet along with a copy of the consent form which you sign. 
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Association between diet, body composition and physical function in older adults: a pilot study (Version 1: 05/10/2018) 

 

                             CONSENT FORM 

Association between diet, body composition and physical function in older adults: a pilot study 

 

Please initial box 

1. I confirm that I have read and understand the Participant Information 
Sheet Version …. dated.................. for the above study and have had 

the opportunity to ask questions. 

 

2. I agree to take part in the above study, inclusive of all the procedures 
mentioned in the Participant Information Sheet. 

 
3. I understand that my participation is voluntary and that I am free to 

refuse or withdraw at any time, without giving any reason, without my 
medical care or legal rights being affected. 

 

4. I understand that all information collected about me during the course 
of the research may be looked at by responsible individuals in the study 
team, Belfast Health and Social Care Trust, Queen’s University Belfast 
and regulatory authorities. All data will be kept strictly confidential as 
necessary under the General Data Protection Regulations and will be 
stored securely on University & NHS premises. 

 
5. I understand that I will not be identifiable in any data published in relation 

to this project. 
 

6. I consent that as part of this study I will have a Dual Energy X-ray 
absorptiometry (DXA) scan at the Northern Ireland Clinical Research Facility 
based in Belfast City Hospital. I understand that this will consist of a very 
small dose of ionising radiation and data and images from the DXA scan will 

not be clinically reviewed by staff at the Northern Ireland Clinical Research Facility. 

 

Consent regarding future research studies (optional): 

 
7. I give permission for my stored, anonymised saliva sample to 

be analysed in future ethically approved research studies for indicators of aging or 
nutrition-related factors, or by other research groups for the same. (initial box) 

 

Yes No 

 
 

8. I agree to be contacted by the University about future research studies 
about diet or lifestyle and health. (initial box) 

 

Yes No 

 

 
Name of Participant Date Signature 
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Name of Researcher Date Signature 
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Page 1 of 7 

 

Appendix 18: Lifestyle questionnaire used in the DHAS in Chapter 6 

 

Participant No:  
 

Lifestyle Questionnaire 

 

Date    Age:    
 

1. Sex: Male  Female  


2. Are you: (Please tick ( ) one box). 

 
Married 

Living with a partner as if married 

Single (never married 

Separated 

Divorced 

Widowed 

 

 
3. Height: (m)   

 
 

4. Weight: (Kg)     
 
 

5. Hip circumference:   cm 

 
 

6. Waist circumference:  cm 

 

 
7. Resting BP:  Systolic  mmHg Systolic   mmHg 

Diastolic   mmHg Diastolic  mmHg 

 
8. Do you regularly take any vitamins, minerals or other food supplements? 

 

Yes □ No □ 
 

(If yes please specify what you take (brand and how often) 
 

 

 

 

Version 1 05/10/2018 
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9. Are you on a special diet? Yes □ 
No □ 

(If yes please specify) 
 
 
 

 
 

 

10. Are you a current smoker? (One or more cigarettes a day) 

Yes □ No □ 

 

IF YES… 

 

What do you smoke? Cigarettes  Pipe  Cigars 


How many do you smoke a day     

How long have you been smoking?     

 
 

IF NO… 
 

 

No □ 

Have you ever smoked in the past? Yes □ 

 

 
If Yes, how many did you smoke a day?                                         

For how long did you smoke?    

 
 

 
No □ 

When did you give up?      

Are you exposed to cigarette smoke? Yes □ 

 
How often would you say you are exposed to smoke? 

 

 
 

 
 

 
 
 

11. How often do you normally drink alcohol?   (please tick box) 

Version 1 05/10/2018 
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Page 3 of 7 

 
 

 

Never or occasionally 

Once or twice a week 

Three to five times a week 

Six or seven times a week 



12. How many alcoholic drinks, on average, would you consume 

each week? (One drink = one glass of wine, one measure of spirits 

or one half pint of ordinary strength beer), please circle one: 

 
 

None 

1-10 

10-20 

20-30 

More than 30 

 

13. What is the highest level of education you have completed? 

 
Finished primary school 

Finished Secondary School (‘O’ Levels/GCSE) 

Finished Secondary School (‘A’ Levels) 

Further Education (attended a technical college) 

University - Undergraduate degree 

University - Postgraduate degree (e.g. Masters,PhD, MD etc) 

 

 
14. What is your current occupation? 

 

 
 

If retired, what was your previous 

occupation?   

 
 

15. Are you currently taking any medication? Yes □ No □ 
 

(If yes please list all medications) 

Version 1 05/10/2018 
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Medication Dose Frequency 
taken 

How long have you 
been taking it? 

    

    

    

    

    

 
 

16. Have you experienced unplanned weight loss in the last 3-6 months? 

Yes  No 



If yes – approximately how much weight have you lost (in either pounds or Kg)? 

 
 

pounds 

Kg 

17. Do you have, or have had any of the following medical 
conditions? Tick all that apply: 

 

 
Angina 

Arthritis 

Asthma 

Cancer 

COPD 

Depression 

Diabetes 

Epilepsy 

Heart attack 

High blood pressure 

 

 

Version 1 05/10/2018 
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High cholesterol 

Kidney disease 

Liver disease 

Osteoporosis 

Stroke 

Stomach ulcer 

 
 

Please add any other medical conditions not listed here? 
 

 

 

 

18. Have you fallen in the last year? 

Yes  No  Go to Q22 

 

19. How many times have you fallen in the last year? 

 
 

20. Were any of these falls non-accidental, i.e. with no apparent or 

obvious reason? 

Yes  No 



21. Did you injure yourself seriously enough to need medical treatment? 

Yes  No 



22. Are you afraid of falling? 

Yes  No  Go to 

Q25 

 
 

23. Do you feel somewhat afraid or very much afraid of falling? 

Somewhat afraid of falling  Very much afraid of falling 





24. Do you ever limit your activities, for example, what you do or where 
 

Version 1 05/10/2018 
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you go, because you are afraid of falling? 

Yes  No 



25. We are interested in your steadiness when walking, standing or getting up from a 

chair. 

 
 

 very 

steady 

slightly 

steady 

slightly 

unsteady 

very 

unsteady 

When walking, do you feel:     

When standing, do you feel     

When getting up from a chair, do 

you feel 

    

 
 

 

28. Have you ever fractured your hip or wrist? 
 

 
Yes, both hip and wrist 

Yes, hip 

Yes, wrist 

No 

 
 
 
 

29. Have you ever had any joint replacements? 

Yes  No  end of questionnaire 

 

30. Which joints did you have replaced? (tick all that apply) 
 

 
One hip 

Both hips 

One Knee 

Both knees 

Other joint 

 
 

Version 1 05/10/2018 
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Page 7 of 7 

 
 

 

31. Was the joint replacement(s) because of arthritis, a fracture or for some other 

reason? 

 
 

Arthritis 

Fracture 

Both arthritis and a fracture 

Other reason 

 
 
 
 
 

 

Thank you for taking the time to complete this questionnaire 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Version 1 05/10/2018 
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Appendix 19: EQ-5D questionnaire used in the DHAS in Chapter 6 

 

Health and well-being 

 

1. Mobility (Please tick ( ) one box that best describes your health TODAY). 

I have no problems in walking about 

I have slight problems in walking about 

I have moderate problems in walking about 

I have severe problems in walking about 

I am unable to walk about 

 

2. Self-care (Please tick ( ) one box that best describes your health TODAY). 

I have no problems washing or dressing myself 

I have slight problems washing or dressing myself 

I have moderate problems washing or dressing myself 

I have severe problems washing or dressing myself 

I am unable to wash or dress myself 

 
3. Usual Activities (e.g. work, study, housework, family or leisure activities) 
(Please tick ( ) one box that best describes your health TODAY). 

I have no problems doing my usual activities 

I have slight problems doing my usual activities 

I have moderate problems doing my usual activities 

I have severe problems doing my usual activities 

I am unable to do my usual activities 

 

4. Pain/ Discomfort (Please tick ( ) one box that best describes your health 
TODAY). 

I have no pain or discomfort 

I have slight pain or discomfort 

I have moderate pain or discomfort 

I have severe pain or discomfort 

I have extreme pain or discomfort 

 

5. Anxiety/ Depression (Please tick ( ) one box that best describes your 
health TODAY). 

I am not anxious or depressed 

Version 1 05/10/2018 
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I am slightly anxious or depressed 

I am moderately anxious or depressed 

I am severely anxious or depressed 

I am extremely anxious or depressed 

 

 
6. We would like to know how good or bad your health is TODAY. 

This scale is numbered from 0 to 100. 
100 means the best health you can imagine. 
0 means the worst health you can imagine. 
Mark an X on the scale to indicate how your health is TODAY. 

The worst The best 
health you health you 
can imagine can imagine 

 

 

 

 
 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

Now please write the number you marked on the scale in the box below. 

 

Your Score 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Version 1 05/10/2018 
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Appendix 20: Activities of daily living questionnaire in the DHAS in Chapter 6 

 

DAILY ACTIVITIES 

Do you have difficulty doing any of the activities? Exclude any difficulties that 

you expect to last less than three months. (Tick all that apply) 

 Walking 100 meters (100 yards) 

 Sitting for about two hours 

 Getting up from a chair after sitting for long periods 

 Climbing several flights of stairs 

 Climbing one flight of stairs without resting 

 Stooping, kneeling, or crouching 

 Reaching or extending your arms above shoulder level 

 Pulling or pushing large objects like a living room chair 

 Picking up a small coin from a table 

 Lifting or carrying weights over 10 pounds/5 kilos, like a heavy 

shopping bag 

 
Below is a list of daily activities. For each one please indicate of you require no assistance with it or 

some assistance: 

Daily activity 
I require no 

assistance 

I need some 

assistance 

Bathing or showering   

Dressing, including putting on 

shoes and socks 

  

Walking across a room   

Using the toilet   

Getting in and out of bed or a 

chair 

  

Eating   
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Participant Number:    
Version 1: 05/10/2018 

Appendix 21: OHIP-14 and chewing ability questionnaires in the DHAS in Chapter 6 
 

YOUR MOUTH AND TEETH 

 

Please tell us about your teeth by ticking one of the following: 

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 


For the questions in this section we would like you to indicate you answer by putting a tick next to one 
answer, for example: 
 

During the past month: Have you ever had trouble pronouncing any words 
because of problems with teeth, mouth or dentures? 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 




1. Have you ever had trouble pronouncing any words because of problems with your teeth, 
mouth or dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 




2. Have you ever felt that your sense of taste has worsened because of problems with your 
teeth, mouth or dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 
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3. Have you ever had painful aching in your mouth? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


4. Have you found it uncomfortable to eat any foods because of problems with your teeth, 

mouth or dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


5. Have you ever been self-conscious because of your teeth, mouth or dentures? (tick 

one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


6. Have you ever felt tense because of problems with your teeth, mouth or dentures? (tick 

one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 
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7. Has your diet been unsatisfactory because of problems with your teeth, mouth or dentures? 
(tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


8. Have you had to interrupt meals because of problems with your teeth mouth or 

dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


9. Have you found it difficult to relax because of problems with your teeth, mouth or dentures? 

(tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


10. Have you ever been a bit embarrassed because of problems with your teeth, mouth or 

dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 
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11. Have you ever been a bit irritable with other people because of problems with your teeth, 
mouth or dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


12. Have you ever had difficulty doing your usual jobs because of problems with your teeth, 

mouth or dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


13. Have you felt that life in general was less satisfying because of problems with your teeth, 

mouth or dentures? (tick one) 

 

a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 


14. Have you been totally unable to function because of problems with your teeth, mouth or 

dentures? (tick one) 

 
a) Never 

b) Hardly ever 

c) Occasionally 

d) Fairly often 

e) Very often 
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QUESTIONS ABOUT CHEWING AND EATING 

 

1. In general how well are you able to chew the food that you eat nowadays? (tick 

one) 

 
No difficulty 

A little difficulty 

A fair amount of difficulty 

A great amount of difficulty 






2. In general how well are you able to eat (meaning bite, chew and swallow) 

the food that you eat nowadays? Tick either 

‘could eat easily’, ‘could eat with difficulty’, or ‘could not eat at all’: 

 
 

 Could eat 

easily 

Could eat with 

some difficulty 

Could not eat 

at all 

Bread    

Crusty bread    

Cheese    

Tomatoes    

Raw carrots    

Cooked green 

vegetables 

   

Lettuce    

Sliced cooked 

meats 

   

Apples    

Oranges    

Nuts    
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Appendix 22: DXA Referral Form used in the DHAS study in Chapter 6 

 

DXA REFERRAL FORM 

 

Study Name Association between diet, body composition and physical function in older 

adults: a pilot study. 

Study ID IRAS Ref: 250136 

Chief 

Investigator/ 

Study Lead 

Dr Michelle Mc Kinley 

Referral Criteria 

 

Inclusion Criteria Exclusion Criteria 

Free living adults aged >65 years Medical conditions that would substantially limit 
the ability to complete the study requirements. 

 

Body Mass Index (BMI)≤19 and ≥40 Kg/m2 

Surgery within previous three months 

Psychiatric problems 

Excessive alcohol consumption (>28 units/ week for 
men, >21 units/week for women) 

 

Inability to provide informed consent (e.g. Medical 
diagnosis of Alzheimer’s or Dementia) 

Participants who satisfy the inclusion and exclusion criteria above and have given informed 

consent to participate in the study detailed above will be referred for the following DXA 

research scans in accordance with the study protocol. 

 

Scan Type Time Point(s) 

Name of Referrer:    
 

Signature:    
 

Date:    

For NICRF Use 
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DXA GUIDELINES FOR AUTHORISATION FORM 

 

Study Name Association between diet, body composition and physical function in older adults: a 

pilot study. 

Study ID IRAS Ref: 250136 

Participant ID  

Chief 

Investigator / 

Study Lead 

Dr Michelle Mc Kinley 

Operators may authorise DXA research scans for the study named above under the 

following conditions: 

 Referral criteria have been checked 

 Study consent form signed 

 Participant ID has been confirmed 

 Participant pregnancy status has been checked 

 Participant has been verbally informed that data and/or images from the DXA scan 

will / will not be reviewed by staff at NICRF (please circle) 

 

 Research scan matches referral form 

 Scan is repeated for clinical reasons only and if no previous repeat scan has been 

attempted or carried out and if repeat scan is permitted on BHCST IRMER proforma 
 
 
 

Name of Practitioner:    
 
 
 

Signature:    
 
 
 

Date:    

For NICRF Use 
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DXA CONFIRMATION FORM 

 
 

Study Name Association between diet, body 

composition and physical function in older 

adults: a pilot study. 

Study ID IRAS Ref: 

250136 

 

DXA referral form attached DXA Guidelines for Authorisation form attached 

If forms are not attached or if study information does not match then do not proceed with scan. 

Section 1 Participant Details Operator 

Check 

Name  

Address  

DOB  

Age Yrs mths Male / Female (circle as appropriate) 

 
Section 2 Pregnancy Status 

If participant is female please determine possibility of pregnancy 

Is your menstrual period overdue? (circle as appropriate) Yes / No / Not applicable (state reason) 

 
 

Are you or might you be pregnant? (circle as appropriate) Pregnant / Not Pregnant / Not Sure 

 

Participant Signature  Date  Operator Initials    

 

If Pregnant or Not Sure or if menstrual period is overdue then do not proceed with scan. 

 

Patient has been verbally informed that data and images from the DXA scan will / will not be 

reviewed by staff at NICRF (please circle) 

 

Participant ID Number: For NICRF Use 
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Section 3 Scan Details 

Requested Scan(s)  Time Point  
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Operator Authorisation: I confirm that authorisation guidelines for this study 

have been met and that the DXA scan can proceed 

 

 
Name  Signature  Date 

 

 

Recorded Exposure Factors & Dose (also to be recorded in DXA Scan Log Book) 

Scan Type Mode Measurement 

Area L x W 

(cm x cm) 

Tube 

Current 

mA 

Exposure 

Time (sec) 

Surface 

Dose Gy 

Comments To be completed by 

reporting operator 

Review Y/N Report Y/N Initials 

          

 

 

For NICRF Use 




