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Abstract

Objective: To evaluate the association of oral health on general health and whether food

intake mediates the relationship.

Method: Data were collected in 2004—06 in a representative sample of Australian adults
from NSW and Queensland, using a three-stage, stratified clustered sample, involving a
computer-assisted telephone interview (CATI), followed by an oral examination, mailed

questionnaire and a food frequency questionnaire (FFQ).

Self-rated general health was the outcome, and self-rated oral health, periodontal status,
oral health impact (OHIP) and missing-teeth were explanatory variables, and food groups
(dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed-vegetables, vegetables and
fruits) were mediators. Age, gender, smoking-status, brushing-habits, diabetes, alcohol-

consumption and social-support were the control variables.

For mediation analysis Baron and Kenny’s mediation analysis was initially performed,
followed by Sobel’s test. Lastly bootstrapping for standard-error and Structural Equation

Modelling (SEM) were conducted to assess the consistency of the mediation model.

Result: A total of n =14,123 adults responded to the CATI (49% response rate), and n
=5505 were examined. In the nutrition sub-study, a total of n = 1218 persons were
approached, with n =1129 responding (92.7% response rate). Among them, there were 752
respondents who were aged 45 years or more.

From multivariate linear regression analysis, It has been found that adults with better self-
rated dental health rated their general health better (3=0.408, p<0.001). Worse oral health
was associated with worse general health (for OHIP and missing-teeth, p=-0.027 and -
0.01, p<0.001). Adults with none/mild and moderate periodontal problems compared to
severe problems rated their general health better (1=0.13, p<0.001 and 2=0.09, p<0.001).

Baron and Kenny, and Sobel tests showed the associations between oral health (OHIP and
missing-teeth) were partially mediated by food intake (Sobel test: for all mediators,
p<0.001). The associations between periodontal status and self- rated general health were
partially mediated by food intake (Sobel test: for all mediators, p<0.05). The association
between self-rated dental health and general health was partially mediated by food intake

(Sobel test: for all mediators, p<0.01).

vii



For all four explanatory variables, periodontitis, number of missing-teeth, OHIP-score and
self-rated dental health, Bootstrap results showed zero in the bias-corrected confidence

intervals for mediators, indicative of no mediation.

SEM analysis for mediation between periodontal status and general health showed p= 0.76,
p=0.045, p=0.050, p=0.015, p=0.73, p=0.42 and p= 0.30 for dairy, bread-cereal, meat-fish-

eggs, sweet foods-snacks, mixed-vegetables, vegetables and fruits.

SEM analysis for mediation showed p=0.95, p=0.34, p=0.44, p=0.40; p= 0.04 and p=0.58
for dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed-vegetables, vegetables
and fruits respectively for OHIP and p>0.05 for dairy, bread-cereal, meat-fish-eggs, sweet

foods-snacks, mixed-vegetables, vegetables and fruits for missing-teeth.

SEM analysis for mediation between self-rated dental and general health showed p>0.05
for dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed-vegetables, vegetables

and fruits.

Conclusion: SEM indicated the association between periodontitis and self-rated general
health was partially mediated by bread-cereal, meat-fish-eggs and sweet-snacks. But the
association between self-rated dental health, OHIP-Score or number of missing-teeth and

self- rated general health was not mediated by any of these food items.

Number of words: 495/500 words
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Chapter 1: Introduction

“Oral health”— the health of the teeth and mouth- is the reflection of a person’s health and
well-being throughout life. The permanent natural teeth are meant to last for life. However,
over a lifetime a person’s physiological ageing, diseases, and other causes may result in

changes in dental appearance, morphology and function later in life (Muller et al., 2017).

The prevalence of oral health-related diseases within the Australian adult population is -
very high. In all 6.5% of adults have complete tooth loss, and 11.4% of adults have fewer
than 21 teeth (Slade et al., 2007). After controling for age, in Australia adults fewer than 21
natural teeths scored worst (highest) oral health impacts and quality of life (Steele et al.,
2004). In 2017, Jamieson et al., also indicated that fewer than 21 teeth associated with
poorer general health. One in four adults have untreated dental decay, a similar proportion
of adults have severe periodontal disease and one in five suffer from dental pain (Slade et

al., 2007).

Oral health is one of the domains of health that can affect functioning and hence the overall
feeling of health (Benyamini et al., 2004) The importance of oral health for each individual
varies, but it has a major impact on quality of life and on self-confidence by impacting on
both physical and mental health (Einarson et al., 2009). Individuals with good oral health
have been found to age with improved quality of life and fewer illnesses compared to

people with poor oral health (Ghezzi & Ship, 2000; Loesche et al., 1995).

General health is the functional ability of an individual. Many aspects of general health and
quality of life can be impacted upon by oral health. Bad breath and dental deterioration
may restrict involvement in social gatherings, limit participation in social activity, and

influence judgments made by one person about another person’s personality. On the other



hand, healthy natural teeth allow for unrestricted psycho-social well-being (Mller et al.,
2017). Therefore, healthy natural dentition and a pleasant dental appearance contribute to a

persons’ quality of life.

Oral health and general health share common risk factors. As the risk of chronic conditions
increases with age, a relationship exists between oral disease and an individual’s health and
also has a combined impact on adults’ overall health (Griffin et al., 2012). Oral health is
also closely interrelated with systemic health. Tooth loss share the common risk factor with
non-communicable diseases, such as cardiovascular diseases and gastrointestinal disorders
(Hung et al., 2005; Osterberg et al., 2010), noninsulin-dependent diabetes mellitus (Cleary
& Hutton, 1995; Medina-Solis et al., 2006) and chronic kidney disease (Fisher et al.,
2008). Periodontitis is also associated with several systemic diseases and is a risk factor for
coronary heart disease, diabetes, and adverse changes in blood pressure and serum
cholesterol level (D'Aiuto et al., 2006). No strong evidence has been found of a
relationship between root caries and specific chronic disease, but Loesche and Lopatin
(1998) stated that root caries is part of the Total Dental Index, which is a good risk

predictor of cardiovascular disease.

Therefore, maintaining good oral health can contribute to better general health and, thus,
doubtlessly to the quality of life (QoL). On the other hand poor oral hygiene, missing teeth
and tooth loss can have a negative influence on people’s quality of life. (Sez-Prado et al.,

2016).

Good oral health status is important for chewing ability, taste perception, swallowing,
phonetics and comfort when wearing a removable denture (Dormenval et al., 1995). Thus
adults with deficits in oral health are likely to avoid or modify foods that are problematic to

eat due to difficulties in chewing and swallowing, pain or fear of causing further harm to



fragile dentitions with these factors in turn, possibly affecting a person’s nutritional status

(Quandt et al., 2010).

Chewing disability is related with the decrease of the number of natural teeth (Bortoluzzi et
al., 2012). Lexomboon et al., stated that tooth loss in later life is strongly associated with
difficulty chewing hard food. Tooth loss, even of a small number of functional tooth units
is often associated with chewing difficulties and has a negative influence on diet quality
due to the limited food choices (Samnieng et al., 2011). In Daly et al.’s (2003) study, one
quarter of participants reported changing their dietary habits due to a dental problem, more
than half reported difficulty in chewing and one third reported having to interrupt meals
due to their dental problem. Decreased chewing ability is associated with less likelihood of
meeting nutritional recommendations for total vegetables, dark green and orange
vegetables, and legumes and being more likely to consume calories from solid fats,
alcohol, and added sugar (Margaret et al., 2010). On the other hand, sugar-sweetened
beverages are dietary sources of sugar that are factors in caries development and leading to

tooth loss (Wiener et al., 2017).

Another study found that patients with chronic periodontitis consumed too few fruits and
vegetables (Javid et al., 2014). In the systematic review O'Connor et al., (2019) found a
relationship between poor dietary intake and increased risk of periodontal disease.
However the possible direction of effect was unavailable due to a lack of studies. But an
inverse associations were found between fatty acids, vitamin C, vitamin E, beta-carotene,

fibre, calcium, dairy, fruits, and vegetables and risk of periodontal disease.

The prevalence of periodontitis increased with larger body mass groups (Saito et al., 1998).
In the systematic review and meta-analysis Chafee et al., (2010) stated that, one

consequence of obesity might be an increased risk for periodontal disease, on the other



hand, periodontitis might increase the risk of weight gain. But in clinical practice it founds
that, a higher prevalence of periodontal disease should be expected among obese adults.
Later on, Kumar et al., (2013) agreed with the statement that obesity is one of the risk
indicators for periodontal disease and reported that obesity increases production of reactive

oxygen species and an increase in inflammatory cytokines and progression of periodontitis.

To maintain a healthy life at any age, sensible/healthier food consumption is necessary.
Some reports (Callen & Wells, 2003; Laugero et al., 2011) have stated that poor dietary
habits in older age increase the rate of developing chronic health problems. Laugero et al.
(2011) found that a lower intake of protein, fruits, vegetables, fibre and omega-3 fatty
acids and a higher intake of carbohydrate and food groups, characterized by salty snacks,
sweet foods, and high Glycaemic Index (Gl) foods along with physical activity patterns
affect the development of chronic health diseases in older age. Fruits, vegetables, whole-
grains, low-fat dairy products, poultry, fish and nut consumption have also been
recommended for preventing heart disease and stroke for the at-risk population (Nielsen et

al., 2016).

From the above discussion, it can therefore be stated that poor oral health can be a major
risk factor for poor nutrition and, ultimately, for compromised health in general, with this
also supported by Palmer and Stanski (2015). In 2002, Ritchie et al. reviewed and
summarised the research studies from 1966-2001 highlighting associations between oral
health and nutrition and stated that nutrition has an important potential mediation role in

the oral health systemic disease relationship.

1.1.  Statement of the Problem/Research Gap

While the impact of oral health on general health is well established, oral health and

nutritional status are also associated in various ways, with the relationship between



nutritional status and general health in older age documented in the literature. However a
lack of research is evident that has explained the combined association between oral health,

nutrition and general health.

Some studies (Adiatman et al., 2013; Brennan & Singh, 2012; Dormenval et al., 1995;
Jung & Shin, 2008; Palmer & Stanski, 2015; Ritchie et al., 2002; Saarela et al., 2014; U.S.
Department of Health and Human Services, 2000) have focused on oral health, nutrition
and general health in one study. However most studies (Adiatman et al., 2013; Brennan &
Singh, 2012; Jung & Shin, 2008; Saarela et al., 2014) have not stated any association
occurring at the same time between these three variables, while others have discussed
mediation effects. Consequently, a gap is apparent in research studies using mediation

analysis as a method to discuss these relationship.

Most research associated with oral health, nutrition or general health is age specific for
older/very old people, a lack of research on a wider age group, and specifically in

Australia, is apparent.

1.2. Aims

The main aim of this study is to evaluate the impact of oral health on general health and to
test whether the intake of different food groups mediates this relationship among Australian

adults. Other supporting aims to assist this study to reach to the main aim are as follows:

* to evaluate the impact of oral health on different kinds of food consumption;
+ to evaluate the impact of consumption of different kind of food on general health;

* to evaluate the impact of oral health on general health.



1.3. Research Contribution

This research articulates the impact of oral health on consumption of different food group
and, consequently, on general health in Australia. This study is measuring perceived
general health. Although prior to this study, a few studies have been conducted by
researchers in Australia and in other developed countries, this study’s findings provide new
evidence in the context of a different sample, a different country, and a different

methodology. The following contributions to practice and the literature are expected.

1.3.1. Contribution to Practice

The relationship between oral health, nutrition and systemic health are complex and
multidirectional. This research will help all healthcare professionals to understand the
potential relationships between nutrition, oral health and general health and to adopt an
interdisciplinary approach to providing optimal care to adults. An understanding of these
relationships and the finding of this research, related to appropriately targeted dietary
messages for dental patients/adults, might also be helpful to nutritionists in developing
dietary guidelines which will assist health professionals to design oral health policy and,

consequently, general health policy.

1.3.2. Contribution to Literature

The current study extends and fills the gap in the previous research as it introduces dietary
data, uses a large sample size and assesses a range of oral health measures. This research
extends the previous research as it measures the impact of oral health on dietary status and
general health within the same study and tests the effect of mediation, thus providing a

complete assessment of this area of research.



1.4. Thesis structure

This thesis has been structured in a publication format. Papers submitted for publication
have been included in different section of Chapter 4, all three are original research articles.
To provide a clear description of the research work, additional chapters, namely,
‘Introduction’, ‘Literature Review’, ‘Methodology’ and Discussion and Conclusion are

presented. An overall outline of the thesis structure is as follows:

Chapter 1 sets the background of oral health, nutrition and general health and the

importance of the association between them.

Chapter 2 focuses the literature review on the definition and measurement of oral health,
nutrition and general health in studies on oral health and also on the associations between

them.

Chapter 3 describes the methods adopted in the current study to analyse the data, which

follows a description of the study design and data collection.

Chapter 4 presents the three research articles in different sections.

Chapter 5 discusses of the research findings and the study’s, strengths, limitations and,

implications as well as the research conclusions.



Chapter 2: Literature Review

This chapter presents a detailed review of the literature on the definition and measurement
of oral health, nutrition and general health in studies of oral health and also on the
associations between them. The chapter develops a conceptual model from the existing

literature, with this followed by the current study’s aim and hypotheses.

2.1. How Oral Health is Defined and Measured

Researchers have defined and measured 'oral health’ from different angles - some have
used clinical measures, some have used perception-based measures, and some have

measured oral health by its function and social role.

According to Glick et al. (2016), the definition of oral health is, “oral health is multi-
faceted and includes the ability to speak, smile, taste, touch, chew, swallow and convey a
range of emotions through facial expressions with confidence and without pain, discomfort

and disease of the craniofacial complex”. Further attributes of oral health include:

e Itis afundamental component of health and physical and mental well-being. It
exists along a continuum influenced by the values and attitudes of individuals and
communities.

o It reflects the physiological, social and psychological attributes that are essential to
the individual’s quality of life.

e [tis influenced by the individual’s changing experiences, perceptions and ability to

adapt to circumstances.

Figure 2.1 below presents a theoretical framework for the definition of oral health which
explains the complex interactions between the three core components of oral health

(disease and condition status, physiological function and psycho-social function): a range



of driving determinants (elements which influence and determine oral health): and
moderating factors (factors which determine or affect how an individual rates their oral

health): as well as, finally, overall health and well-being.

Framework for the Oral Health Definition

Community
/ THE CORE \
, ELEMENTS OF
Disease and ORAL HEALTH

Condition Status

Physiological Psychosocial

Function Function

1
[ vewarn ]

The core elements of oral health are as follows: disease and condition status refers to a threshold of
severity or a level of progression of disease, which also includes pain and discomfort; physiological
function refers to the capacity to perform a set of actions that includes, but is not limited to, the ability to
speak, smile, chew, and swallow; psycho-social function refers to the relationship between oral health
and mental state that includes, but are not limited to, the capacity to speak, smile, and interact in social
and work situations, without feeling uncomfortable or embarrassed. Driving determinants are factors
which affect oral health. These cover five main domains: genetic and biological factors, social
environment, physical environment, health behaviours and access to care. In turn, driving determinants
nest within systems that can support or serve as a barrier to maintaining/promoting oral health and
managing oral diseases/conditions. Moderating factors are elements that determine or affect how an
individual rates their oral health: they include, but are not limited to age, culture, income, experience,

expectations, and adaptability.

Figure 2.1: Framework for oral health definition
Source: (Glick et al., 2016)



In the literature, oral health is assessed by clinical measures such as dental plaque,
calculus, gingival or periodontal infection, infection under the denture, xerostomia and/or
hypo salivation as typically measured by clinical oral examination (Kaija et al., 2013;

Renato et al., 2008; Ulinski et al., 2013).

As a measure of oral health, self-perception of oral health is a powerful tool which includes
both ‘global self-rated oral health’ and ‘satisfaction with dentures’. If we examine the
literature, some research has focused on the number of teeth and, global self-rated oral
health (Jung & Shin, 2008; Renato et al., 2008; Ulinski et al., 2013) while other research
has had a focus on satisfaction with dentures (Margaret et al., 2010; Roberto & Borges-

Yanez, 2012).

Dental visits and self-care are a measure of oral health as health behaviours which include
tooth-brushing frequency, frequency of dental visits, the reason for the most recent dental
visit and the type of dental practice. A few research studies (Ulinski et al., 2013) include
dental care aspects such as regular visits to dental service, last dental appointment and the
reason for seeking that appointment to assess the state of oral health problems related to
access to care. Other researchers were concerned with the use of dental services, that is, the
frequency of visits (Avlund et al., 2001; Roberto & Borges-Yanez, 2012) and the time
since the individual was last seen by a dental professional (Saarela et al., 2014), but tooth

brushing was absent in that study.

To develop comprehensive measures of oral health, oral health impact (e.g., chewing
problems, avoiding laughing/smiling, interrupted meals, difficulty in relaxing, needing a
dental visit) and health behaviour, such as tooth brushing, also need to be considered. In
the oral health impact measures, some researchers (Avlund et al., 2001; Brennan & Singh,

2012; Jung & Shin, 2008; Makhija et al., 2007; Roberto & Borges-Yanez, 2012; Saarela et
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al., 2014) have focused on chewing problems or pain in the mouth while chewing, while
others have included the perceived need for dental care (Jung & Shin, 2008) and
interrupted meals or cooking food differently due to problems with the individuals’ teeth,
mouth or dentures (Makhija et al., 2007). However the other facets of oral health impact
such as avoiding laughing/smiling and difficulty in relaxing or sleeping are mostly ignored

in the extant literature except when included as items in a scale score.

2.2.  How Nutrition Status is Defined and Measured

Assessment of nutritional status includes measuring food and nutrition intake (dietary
assessment), body composition and, body level of nutrients, and investigating the
functional markers of nutritional status (Bates et al., 2005). Food and nutrition intake
includes the intake of individual foods, food groups and actual nutrients. When measuring
dietary intake, it is important to select an appropriate and robust methodology suitable for
meeting the aims of the study, with this largely missing in the extant literature (Moynihan
et al., 2009). It is also important to include objective measures to validate the dietary
information collected, for example, calculation of the Physical Activity Level (PAL).
Measurement of body composition includes anthropometric measures which include
weight, height and other indices of body composition. Body Mass Index (BMI) score can
be calculated by using body weight and height. Biochemical assessment of the levels of
antioxidant vitamins A, C and , E, carotenoids, B vitamins, vitamin D, dietary minerals and
protein status, measure the concentrations of nutrients in the body. Functional biomarkers
may be used as an index of disease risk or disease progression and provide a measure of

intermediate disease status (Moynihan et al., 2009).

Table 2.1 below explains the different dietary methods that assess nutritional status, their

application and limitations to their use in oral health studies.
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Table 2.1: Summary of dietary assessment methods and their application to the study of oral health

Dietary method

Brief description

Applications

Limitations

Example of application to
study of oral health

24 hour recall

Subject recalls all food
consumed in previous
24 hours in an
interview.

Suitable for obtaining
average intake of
populations.

Relies on memory. Takes no
account of daily variation in
food intake. Unsuitable for
obtaining reliable data on the
individual dietary intake.

Unsuitable.

Repeat 24 hour
recall

24 hour recall repeated
on several occasions.

Suitable for obtaining
average intakes and range
of intake of populations.
Reliability increases with
increased number of
recalls.

Relies on memory.
Unsuitable for assessing
individual nutrient intakes
unless repeated several times.

NHANES survey used 2 x24 hour recall
which is suited to investigating averages
and range of populations, but not suited to
investigating individuals’ intakes or for
ranking individuals within a population.

Food frequency
guestionnaire (FFQ)

Self-administered
guestionnaire in which
subject indicates the
frequency of
consumption of a set
list of foods from a
range of frequency
options.

Suitable for classifying
subjects into bands of
intake and for relative
ranking of individuals
within the study
population. Easy to apply
to large surveys.

Relies on memory.

Unsuitable for assessing
absolute intakes of nutrients or
for comparing levels of intake
to dietary recommendations.

Joshipura et al. (1996) used data collected
by the FFQ from almost 50,000 subjects
and compared the intakes of foods and
nutrients according to dental status.
Absolute nutrient values were reported, but
this was justified by cross-validating data
against a 2-week food record in a sub-
sample of the population.

Dietary history

Detailed one to one
dietary interview with
a skilled dietician on
present or past dietary
intake.

Suited to measuring
normal habitual intake of
individuals and for
comparing intake with
dietary recommendations

Relies on memory. Takes at
least one hour and requires
skilled dietician.

Nelson (1991) used this method to assess
the usual past dietary intake in a group of
non-elderly people who were edentulous
(without teeth).

Precise weighing
method

All ingredients, foods
served, and leftover
food are weighed and
an aliquot is
chemically analysed

Provides accurate
information on nutrient
intake and overcomes
systematic error of using
food tables

Requires much subject
cooperation. Only suited to
small studies as chemical
analysis of food is costly in
terms of time and resources.

This level of accuracy in nutrient intake is
not usually required in studies of diet and
dental status




Dietary method

Brief description

Applications

Limitations

Example of application to
study of oral health

for nutrient
composition.

Weighed food diary

The subject weighs
and records all food
consumed over a
period of time e.g. one
week.

Provides an accurate
assessment of food and
nutrient intake and may be
applied to a collection of
all types of dietary data,
e.g. assessment of
individuals’ intake.

Subject may change usual
food intake due to the
requirement to weigh food.
Eating out is problematic
requires literacy. Requires
high level of subject
cooperation that may
introduce selection bias.

The UK NDNS of persons aged 65 years
and over used a 4 day weighed food intake
diary to assess diet (Steele et al., 1998).

Estimated food diary

Subject records all
foods and drinks
consumed over a set
number of days in a
purpose designed
diary using household
measures to estimate
portion size.

Suitable for assessing
individuals’ intake of
nutrients and looking for
changes in diet over time.
Requires less subject
cooperation compared to
the weighed intake.

Researcher assigns portion
weight, and so this method
takes more researcher time.
Accuracy is decreased due to
the estimation of portion size.
Requires literacy of subject.

Bradbury et al. (2006) used this method to
measure the dietary intake of full denture
wearers before and following
contemporaneous dietary and dental
intervention

Note: NHANES=National Health and Nutrition Examination Survey (US); NDNS=National Diet and Nutrition Survey (UK).
* Source: Moynihan et al. (2009).
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Many studies have used the Mini Nutritional Assessment (MNA) tool to measure
nutritional status (Adiatman et al., 2013; Farre et al., 2013; Gil-Montoya et al., 2013;
Iwasaki et al., 2014; Renato et al., 2008; Saarela et al., 2014). The MNA tool has 18 brief
questions grouped into four blocks. The first block refers to anthropometric measurements;
the second is an overall assessment of the patient; the third contains nutritional assessment
questions, such as a number of meals, fluid intake and ability to feed oneself: and the
fourth is a subjective assessment of nutritional status and self-evaluation. Depending on the
score (maximum 30 points), nutrition status is defined by three categories: satisfactory
nutritional status (> 24 points); the risk of malnutrition (23.5-17 points); and malnutrition
(<17 points) (Guigoz et al., 1994). When measuring diet, it is preferable to have an
objective measure of a biomarker, for example, antioxidant vitamin concentrations for an
index of fruit and vegetable intake. It is also important to observe over a minimum of three

days or more for micronutrients which the MNA does not do.

In another study (Margaret et al., 2010), the block food frequency questionnaire, along
with the BMI was used to assess dietary intake. This assessed the usual intake of 110 foods
measured in g (cup)/1000 kcals and converted to the Healthy Eating Index (HEI)-2005
component score. The block food frequency questionnaire is a 24-hour recall method, thus,

it does not take account of daily variation in food intake.

Jung and Shin (2008) measured nutritional status using the 'Determine Your Nutritional
Health' tool developed by the Nutrition Screening Initiative (Kennedy-Malone et al.,
2004). The tool consists of 10 items and has a possible total score of 21. A higher score
indicates a poorer nutritional status with nutritional risk. In this method, nutritional status

is measured using a self-rated scale.
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2.3.  How General Health is Defined and Measured

General health has been defined as a multidimensional construct by the World Health
Organization (WHO) as “a state of complete physical, psychological, and social well-being
and not merely the absence of disease or infirmity” (WHO, 2011). That is, health is a
combination of individuals’ ability to function and perceive well-being in physical, mental,
and social domains. This follows the same concept and principles of the Whitehead

definition in 1992 and, in recent years, also of Gil-Montoya et al. (2013).

In the study of oral health, general health should be defined by analysing the major
dimensions of health, That is, physical symptoms and functional capacity, social
functioning and perception of well-being (Emami et al., 2013). Laugero et al. (2011)
defined general health by medical health history, cognitive functioning, self-rated health
status, smoking and alcohol history, anthropometric measures, blood pressure, and physical
performance. The BMI score was calculated, with physical activity determined by using a
modified Paffenbarger questionnaire from the Harvard Alumni Activity Survey. Blood,
saliva, and urine were collected, serum insulin was measured, and urinary cortisol was
determined. Some studies (Avlund et al., 2001; Brennan & Singh, 2012; Roberto &
Borges-Yanez, 2012) have assessed general health by people’s functional ability or frailty
or by their quality of life which measures their mobility, activity, self-care etc. In 2007,
Makhija et al. defined and assessed general health through the BMI score, physical activity
level, independent life-space score, mental health and comorbidity score on a specific list

of chronic conditions.

Self-rated general health is a very important tool used to define and measure general
health, with this being a global self-rating summary measure of people’s general health that

has been used extensively in research to measure people’s general health status (Benyamini
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et al., 2004; Brennan & Singh, 2011; Krause & Jay, 1995). It has also been found to predict
future health outcomes (Benyamini et al., 2004). In 2015, Inkrot et al., considered self-
rated general health as a reflection of clinically meaningful measures and concluded that
patients with stable chronic heart failure, poor self-rated general health can predict
mortality in long term follow-up. Self-rated general health can determine the physical
function, the presence of disease, the existence of disabilities and functional limitations, so
it has also been a predictive variable for hospitalization, development of falls, and
functional impairment in the physical daily basic activity for elderly people (Ocampo, JM,

2010).

Some more recent studies (Farre et al., 2013; Saarela et al., 2014) have measured general

health using medical conditions and independency status along with quality of life.

2.4.  Relationship between Oral Health and Nutritional Status

Oral health and nutritional status are associated in various ways. Some studies have
observed that the number of food items eaten by adult people is significantly associated
with the number of teeth they have, leading to a limited choice of foods and, consequently,
a reduction in the intake of fruits, vegetables, and fibre, thus increasing the risk of
malnutrition (low BMI and MNA score) (Marcenes et al., 2003; Mojon et al., 1999;

N'Gom & Woda, 2002; Samnieng et al., 2011). Again, tooth loss, poorly fitting dentures,
and loss of taste and smell can eventually alter the food intake and put individuals at risk of
malnutrition (lower intake of nutrient) (Tsakos et al., 2010). Good oral health influences
nutritional status, physical health, and social functioning in older adults (Jung & Shin,

2008).

Renato et al. (2008) found that those who expressed dissatisfaction with their own gingival

health and worse oral status had a higher risk of malnutrition. Having even a few natural
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teeth was protective against the risk of malnutrition. Renato et al. (2008) used the Mini
Nutritional Assessment (MNA) tool to measure nutritional status. Margaret et al. (2010)
stated that those with 0-10 teeth were less likely to meet nutritional recommendations
compared to those with 11+ teeth for total vegetables, dark green and orange vegetables

and legumes and calories from solid fat, alcohol, and added sugar.

In a recent study, Saarela et al. (2014) found that those elders who were edentulous and
had no dentures were at particular risk of malnutrition (Lower MNA score). Other studies
have said that patients with chronic periodontitis consumed too few fruits and vegetables

(Javid et al., 2014).

In a systematic review accompanied by meta-analysis Toniazzo and colleagues (2017)
showed that “remaining teeth”, “edentulous individuals”, “functional teeth units”,
“Decayed, Missing and Filled Teeth (DMFT) Index”, “dental plaque” “periodontal
disease” and “self-reported oral status” were used in a review Of the literature on oral
health outcomes regarding the relationship between nutritional status and oral health. The
systematic review demonstrated that individuals with malnutrition/ at risk of malnutrition

had lower numbers of teeth and used a dental prosthesis.

In Renato et al.’s (2008) study, sociodemographic and behavioural information including
age, family income, schooling, ethnicity, gender, marital status, geographical localization
and smoking status along with medical history were used as control variables.
Demographic measures of age, sex, ethnicity, income, household size and education were
included in the Margaret et al. (2010) study. Saarela et al. (2014) included demographic

measures (age, gender, education) and medical history as control variables.
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2.5. Relationship between Nutrition Status and General Health

The relationship between the nutritional status and general health of adults has been
documented in the literature. Some studies (Callen & Wells, 2003; Laugero et al., 2011)
have reported that poor dietary habits in older age increase the rate of developing chronic
health problems. Other studies (Farre et al., 2013; Rissanen et al., 1996) have also shown

that people with higher comorbidity are at risk of being undernourished.

Laugero et al. (2011) found that a lower intake of protein, fruits, vegetables, fibre and
omega-3 fatty acids and a higher intake of carbohydrate and food groups, characterized by
salty snacks, sweet foods, and high Glycaemic Index (Gl) foods along with physical
activity patterns affect the development of chronic health diseases in older age. Gender,
age, education, income to poverty ratio and type 2 diabetes were used as confounders in

this study.

A diet with less fat, saturated fat, and cholesterol and with more carbohydrate, fibre,
vitamins (especially folate, vitamins C and E, and B-carotenes), and minerals (iron and
zinc) may be advisable not only to improve people’s general health but also to improve
cognitive function (Rosa et al., 1997). Gender, age, educational background, profession,
income and characteristics of the individual’s homes were taken into account as control

variables.

According to the joint WHO/FAO Expert Consultation on diet, nutrition and the
prevention of chronic diseases (Nishida et al., 2004), to reduce risk for cardiovascular
health a diet should provide very low (<1% of daily energy intake) intake of trans fatty
acids, adequate intake (6-10% of daily energy intake) of Polyunsaturated fatty acids and
lowering intake for sodium chloride (less than 5g/d). The joint consultation report of

WHO/FAO (2003) states that adequate intake of non-starch polysaccharides fibre such as
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whole-grain cereals and legumes (> 20 g/d) and fruits and vegetables (>400g/d) have
potential health benefits in preventing obesity, diabetes, cardiovascular disease and various
cancers. The restriction of free sugar intake (< 10% of total energy) also contribute to

reducing the risk of unhealthy weight gain (Nishida et al., 2004).

Insufficient nutrition is frequent in elderly individuals, also aging is associated with both a
loss of muscle mass and strength and an increase in body fat (Kinney, 2004). Van Asselt et
al., (2013) stated that frailty, sarcopenia and undernutrition are the three geriatric
conditions with common health related risk factors like cardiovascular disease, stroke, and
type 2 diabetes. Specifically, sarcopenia is present in frail or undernourished elderly. An
inadequate nutritional status i.e., insufficient protein, energy or micronutrient intake are
associated with an increased risk of frailty, while a dietary pattern rich in fruit and
vegetable sources of antioxidants would be an effective way to battle against the
emergence of frailty (Feart, C 2019) and optimal nutrition may contribute to the prevention
of frailty by decreasing the incidence of CHD, stroke, and type 2 diabetes (Bischoff et al

2006).

The systematic review and meta-analysis (Hosseini et al 2018) suggested that a diet high in
fruit and vegetables may lead to reduction in inflammation, (where inflammation is one of

the major cause of a range of chronic diseases) and enhanced immune cell profile.

In 2013, Farre et al. stated that the risk of being undernourished is higher in women and in
those with dementia, with higher comorbidity, with a higher number of prescription
medicines, having a lower score for instrumental activity, and taking prescription drugs for
cardiovascular disease. The confounders used in that study were gender, education, being a
caregiver, eyesight and hearing status, chronic diseases, number of drugs, and quality of

life.
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2.6. Relationship between Oral Health and General Health

The impact of oral health conditions on general health has been established in many studies
(Mack et al., 2005; Makhija et al., 2007; Roberto & Borges-Yanez, 2012; Saarela et al.,
2014; Ulinski et al., 2013). When establishing the relationship between oral health and
general health, the remaining number of teeth or the extent of tooth loss were mostly used
to assess oral health (Brennan & Singh, 2012; Kaija et al., 2013; Saarela et al., 2014;

Ulinski et al., 2013).

According to the literature, tooth loss (e.g., oral health status) can affect general health in

several ways with these indicated as follows:

o lower intake of fruits and vegetables, fibre, and carotene and increased intake of
cholesterol and saturated fats, in addition to a higher prevalence of obesity, can
increase the risk of cardiovascular diseases and gastrointestinal disorders (Hung et
al., 2005; Osterberg et al., 2010);

e increased rates of chronic inflammatory changes of the gastric mucosa and in the
upper gastrointestinal tract and of pancreatic cancer, and higher rates of peptic or
duodenal ulcers (Abnet et al., 2005; Sierpinska et al., 2007);

e increased risk of noninsulin-dependent diabetes mellitus (Cleary & Hutton, 1995;
Medina-Solis et al., 2006);

e increased risk of electrocardiographic (ECG) abnormalities, hypertension, heart
failure, ischaemic heart disease, stroke, and aortic valve sclerosis (Abnet et al.,
2005; Okoro et al., 2005; Volzke et al., 2005). A study also demonstrated a
possible association between complete edentulism and an increased risk of

coronary heart disease (Pablo et al., 2008). Furthermore, another large prospective
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study concluded that an individual’s number of teeth was a dose-dependent
predictor of cardiovascular mortality (Holmlund et al., 2010);

e decreased daily function, physical activity, and physical domains of health-related
quality of life (Mack et al., 2005; Mollaoglu & Alpar, 2005);

e increased risk of chronic kidney disease (Fisher et al., 2008);

In the late 1980’s Mattila et al. (1989) reported the association between dental health and
acute myocardial infarction and related the significance of periodontal disease to general
health. Since then, evidence of the relationship between periodontal disease and several
systemic diseases has been growing periodontitis is now associated with an increased risk
of coronary heart disease, diabetes, and adverse changes in blood pressure and in serum

cholesterol level (D'Aiuto et al., 2006)

In 2001, Avlund et al. found that people with fewer teeth and greater chewing difficulty
and those who used dental services less regularly had poor functional ability that is they
feel tired or need help with mobility. A similar pattern was also found in Roberto and
Borges-Yanez (2012) study with low utilization of dental services and poor self-perception
of oral health considered as possible risk markers for frailty syndrome, that is,
unintentional weight loss, poor endurance and energy, low physical activity, slowness and
weakness. Following the previous researcher, Saarela et al. (2014) found that totally
edentulous people with no dentures often require assistance in personal care more than

others.

In the relationship between oral health and general health, the following factors were the
main ones adjusted for analysis in the literature: age, gender (Avlund et al., 2001; Brennan
& Singh, 2012; D'Aiuto et al., 2006; Mack et al., 2005; Makhija et al., 2007; Osterberg et

al., 2010; Roberto & Borges-Yanez, 2012; Saarela et al., 2014; Ulinski et al., 2013), birth
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place (Brennan & Singh, 2012; Osterberg et al., 2010; Saarela et al., 2014), comorbidity
(Makhija et al., 2007; Roberto & Borges-Yanez, 2012; Saarela et al., 2014), education
(Mack et al., 2005; Makhija et al., 2007; Osterberg et al., 2010; Roberto & Borges-Yanez,
2012; Ulinski et al., 2013), economic status (Mack et al., 2005; Makhija et al., 2007;
Ulinski et al., 2013), ethnicity (D'Aiuto et al., 2006; Makhija et al., 2007; Ulinski et al.,
2013), companionship (Avlund et al., 2001; Ulinski et al., 2013), physical activity level
(Makhija et al., 2007; Osterberg et al., 2010), smoking status (D'Aiuto et al., 2006;
Osterberg et al., 2010; Roberto & Borges-Yanez, 2012) and social status (Aviund et al.,

2001; Brennan & Singh, 2012; Osterberg et al., 2010).

2.7. Relationship between Oral Health, Nutrition and General Health

The interaction between oral health, nutrition and general health is complex and
multidirectional. Oral health is an important determinant of overall health and can be
impacted upon by dietary and/or nutritional factors (Palmer & Stanski, 2015). According to
the US Department of Health and Human Services (2000) oral problems can result in
reduced appetite and changes in the ability to chew, taste and swallow. This in turn
influences food and beverage choice, and the frequency of eating occasions. Reduced oral
functioning or tooth loss, is linked to a qualitatively poorer diet, probably as many
nutritious whole foods, such as meats, fruits beans, vegetables and grains, may also be
difficult to chew. Thus, poor oral health can be a major risk factor for poor nutrition and

ultimately, for compromised health in general (Palmer & Stanski, 2015).

In 1995 Dormenval et al. stated that good oral health is important for chewing ability, taste
perception, swallowing, phonetic ability and comfort when wearing removable denture
thus, a poor oral health status might have a negative effect on general health. In 1998 Papas

et al. later reported that, as the number of teeth declined, the levels of vitamin A, fibre and
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calcium also declined, those who wore dentures consumed more refined carbohydrates
and sugar and, in both cases, the level of cholesterol increased which has significant
consequences for general health. They also stated that the edentulous population may be at
risk of having a diet low in fibre, with this, associated with a high prevalence of many
chronic diseases and conditions such as diverticular disease, bowel cancer, appendicitis

and constipation.

In 2002, Ritchie et al. reviewed and summarised the research studies from 1966- 2001,
highlighting associations between oral health and nutrition and stating the important
potential mediation role of nutrition in the oral health-systemic disease relationship. More
specifically they stated that oral pain can occur as a result of caries, periodontal disease,
soft-tissue lesions, and temporomandibular joint disease. Both dental caries and
periodontal disease can lead to tooth loss, and tooth loss may contribute to the intake of
calorie-dense, nutrient-poor diets, decreased intake of anti-oxidants and increased intake of

foods that foster obesity.

Other studies (Adiatman et al., 2013; Brennan & Singh, 2012; Jung & Shin, 2008; Saarela
et al., 2014) focused on oral health, nutrition and general health the in one analysis. Saarela
et al. (2014) concluded that edentulous people and those with no denture were at particular
risk of malnutrition, and that dentition status was associated with mortality. However they
did not state any association between these three factors at the same time. Jung and Shin
(2008) concluded in the same way as Saarela et al. (2014) that oral health influences
nutritional status, physical health and social functioning in older adults. In Brennan and
Singh’s (2012) study, they revealed that lower compliance with dietary guidelines was
associated with poorer general health, orofacial pain, sore gums and lower social status.
Adiatman et al. (2013) concluded that a significant relationship was found only between

the number of functional tooth units and nutritional status.
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2.8. Conceptual Model

From the literature, the concept of the relationship between oral health and general health
is found to have become an integral part of health research, with these two areas of health
substantially connected. Oral health and nutritional status are also associated in various
ways, the relationship between nutritional status and general health is documented in the
literature and a connection is found between oral health, nutrition and general health.
Therefore, this has raised the vital question of how nutrition affects the relationship
between oral health and general health. This also assume that nutrition may be postulated

as a mediator of the relationship between oral health and general health.

Based on the literature review, the conceptual model in Figure 2.2 can be formulated for

testing.
Nutrition
b
(a) (k)
(c)
Oral Health < » General Health
C

a = association between oral health and nutrition

b = association between nutrition and general health

¢ = association between oral health and general health

¢’ = association between oral health and general health after control for nutrition

Figure 2. 2: Conceptual model for hypotheses development

To test this conceptual model in the current study mediation analysis, was introduced. This
explores the role of intervening variables (mediators) in an observed relationship between

an exposure variable and an outcome variable, rather than hypothesizing only a direct
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relationship between the exposure variable and the outcome variable. Testing this
conceptual mediation model explores the role of nutrition in the relationship between oral
health and general health, that is, oral health affects nutritional status was introduced. This

in turn, affects general health.

2.9. Hypotheses

Based on the literature review, the conceptual model and the study’s research interest, the
study’s main objective is to evaluate the “association of oral health and general health and
test to whether the intake of different food groups mediates the relationship”. Specifically,

this research addresses the following research objectives:

Determine the association between oral health and the different types of food

consumption of adult people in Australia.

« Determine the association between the different types of food consumption and the

general health of adults in Australia.

« Determine the association between oral health and the general health of adults in

Australia.

» Test whether the intake of different food groups mediates the relationship between

oral health and general health of adults in Australia.
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The flow chart below in Figure 2.3 connects each hypothesis to its corresponding

objective.
Objective 1 Hypothesis 1
Oral health is associated with % Worse oral health indicates intake of
intake of different kind of food lower nutrient/unhealthy* kinds of food
Objective 2 Hypothesis 2
Intake of different kinds of food Intake of lower nutrient/unhealthy*
is associated with general health kinds of food indicates worse general
health
Objective 3 Hypothesis 3
Oral health is associated with Worse oral health indicates worse
general health general health
Objective 4 Hypothesis 4
Oral health is associated with Worse oral health indicates worse
general health and intake of general health and intake of lower
different kind of food mediates nutrient/unhealthy* kinds of food
the relation. mediates the relationship

*Lower nutrient/unhealthy food refers to food with high free sugar, trans fatty acids sodium chloride and
starchy carbohydrates and also low in non-starch polysaccharides fibre (such as whole-grain cereals,

legumes, fruits and vegetables.

Figure 2.3: Hypotheses and their corresponding objectives
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Chapter 3: Methodology

This chapter describes in detail the methodology followed in relation to study design and
data collection and the data analysis methods employed for data management and
statistical analysis in the papers submitted for publication, as presented in Chapter 4
(sections 4.3, 4.4, and 4.5), with the methodology addressing the particular aims of each
paper of the current study. In addition, this chapter describes the aspects of sample size and

power, data weighting and study variables.

3.1.  Study design and data collection

Data for this study were derived from the 2004—2006 Australian National Survey of Adult
Oral Health (NSAOH) (Slade et al., 2007). Study participants were selected at random
using a three-stage, stratified clustered sampling design as show in Figure 3.1. The
sampling frame was households compiled from listed telephone numbers in the Electronic
White Pages (EWP) database (Slade et al., 2007). The first stage selected postcode for six
states and two territories, postcodes were first stratified into two groups based on the
Australian Bureau of Statistics (ABS) postcode geographical classification: ‘metropolitan’
and ‘ex-metropolitan’ strata. The Australian Capital Territory (ATC) was defined as a
single metropolitan stratum. Postcodes represented the geographic clustering in the design
and were selected with probability proportional to size, where size was defined as the
number of households listed in the ‘electronic white pages’ in each postcode. The second
stage of sampling selected a systematic sample of households listed in the ‘electronic white
pages’ for each sampled postcode. The third and final stage involved random selection of
one person aged 15 years or more per household. In households where only one person was

aged 15 years or more, that person was selected. If households comprised more than one
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person aged 15 years or more, a computer algorithm was then used to select one of those

people at random.

Information was collected by a computer-assisted telephone interview (CATI) (full details
of the CATI has been reported in Slade et al., 2007) followed by an oral epidemiological
examination and a mailed questionnaire, then a food frequency questionnaire. A primary
approach letter explaining the purpose of the survey was mailed to the participants selected
from sampled telephone numbers, approximately 10 days prior to dialling them. The
telephone interview collected information on dental status, socio demographic
characteristics and a number of health-related factors from 79 questions, several with
multiple responses. People who reported they were dentate (i.e., that they had teeth) were
invited to participate in an oral epidemiological examination and first asked to complete a
consent form and a questionnaire regarding their medical history. Trained examining
dentists followed a standardised protocol to record level of tooth loss, dental decay
experience, tooth wear, periodontal and signs of gum disease assessment. Following the
epidemiological examination, a questionnaire was mailed to all examined people
containing information such as psycho-social variables. In the nutrition sub-study, a
subsequent food frequency questionnaire (FFQ) was sent to the participants in the
Australian states of New South Wales and Queensland. The FFQ collected data on
consumption of specific food items that included nine types of dairy, nine types of bread
and cereal, 21 types of meat, fish and eggs, 15 types of sweet foods and snacks, four types
of mixed vegetables, 25 types of vegetables and eight types of fruits based on the items
used in the National Nutrition Survey (ABS, 1995). The food groups reflect the dietary
guidelines for Australian and the Recommended Dietary Intake for use in Australia
reviewed by the National Health and Medical Research Council (NHMRC) (ABS,
1998).Adult participants aged 45 years or more were selected for this current study.

These are the most recent national data on adults in Australia at present. An updated
NSAOH (Australian National Survey of Adult Oral Health) is being collected and analysed

but it is not yet available.

Oral problems like tooth loss (Astrem et al., 2006), or periodontal disease (Yoshihara et

al., 2009) are age related and increase with age, also the risk of chronic conditions
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increases with age (Griffin et al., 2012) As chronic health problems take time to develop
and may not be noticeable among younger ages, in this study older adults aged 45 years

and more were considered.

The data from the 2004-2006 Australian National Survey of Adult Oral Health has been
used for different studies. For example, Slade et al., (2013) compared the effect of pre-
fluoridation cohort and population lifetime exposed to fluoridated water on dental caries.
Others used this survey data for oral health, dental insurance and dental service (Srivastava
et al., 2017), impact of smoking on periodontitis (Loc et al., 2008), root carries experience
(Ninuk et al., 2017). But very few research has done using the Food Frequency
Questionnaire; Brennan et al., (2010) investigated only the consumption of different kind
of fruits and vegetables by tooth loss and social-status. For the current study, all food
groups were used from the Food Frequency Questionnaire. Food frequency data were
cleaned and merged with computer-assisted telephone interview (CATI) data, oral
epidemiological examination and a mailed questionnaire data and created a new set of data

for the analysis of this current study.
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Telephone no. selected at random from the “Electronic White Pages

(EWP)” in Australia

T~

Out of scope telephone no.
includes disconnected,
business, fax or modem.

In-scope telephone

Non-responded

Edentulous people

Out-of-scope for oral examination

/

Responded adults

Dentate people

A

In-scope for oral
examination

Not examined

A 4

Examined

Approached for nutrition sub-study in NSW and

Queensland

}

Responded to nutrition sub-study

l

Adults aged 45 years or more

Figure 3. 1: Selection procedure for s participating in the survey

3.2.  Estimate of Sample Size and Power

The determination of sample size was based on two-group comparisons of proportions

using PC-Size software version 2.0 (Dallal, 1986) using an alpha level of 0.05 and a beta
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of 0.80. Data on the consumption of food from the National Nutrition Survey (ABS, 1999)
were used as a population estimate, and a range of sample sizes were calculated for
hypothesised levels of difference. A sample size per group of n=583 would enable
differences as low as 7% to be detected for the consumption of meat with the sample size
of n=429 enabling the same for the consumption of vegetables. This level of difference is
comparable to reported observed differences in nutrient intake by dentition status observed
among dentate adults (Krall et al., 1998). Taking the higher number of n=583 per group
would require 1,166 responses in total from a sample of 2,046 (assuming 95% could be

contacted and a 60% response rate).

The current study considered participants aged 45 years and over. According to Census
2005, the proportion of those aged 45+ years in the estimated residential dented population
compare to 15+ years estimated residential dented population in New South Wales and
Queensland is 0.47. Depending upon the population proportion a sample size of 548

(minimum) is determined.

3.3.  Study Variables

The outcome variable was self-rated general health (SRGH) collected from the computer-
assistant telephone interview (CATI). The explanatory variables self-rated dental Health
(SRDH) and number of missing teeth (derived from two variables “number of remaining
teeth in your upper jaw” and “number of remaining teeth in your lower jaw”) were also
collected during the CATI. The explanatory variable, “periodontal status” was assessed at
the clinical examination, and the “Oral Health Impact Profile (OHIP) score” was collected
from answers to the mailed questionnaire. The mediator variables “dairy”, “bread-cereal”,
“meat-fish-eggs”, “sweet foods-snacks”, “mixed vegetables”, “vegetables” and ““fruits”

were collected from the subsequent food frequency questionnaire (FFQ) based on the
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National Nutrition Survey (ABS, 1998). The food groups reflect the dietary guidelines for
Australian and the Recommended Dietary Intake for use in Australia reviewed by the

National Health and Medical Research Council (NHMRC) (ABS, 1998).

Age, gender, smoking status, tooth-brushing habits, diabetes, alcohol consumption and
social support were the control variables. Control variables were selected initially from a
literature review of associations between oral health and nutrition, nutrition and general
health, and oral health and general health. The critical level of p <0.20 (Del Duca et al.,

2013) was then used to select the control variables in this study.

Some control variables ”gender”, “age”, “diabetic status”, and “smoking status” were
collected during the CATI while, others, such as “tooth-brushing status”, “social support”

and “alcohol consumption” were derived from answers to the mailed questionnaire.

3.3.1. Self-rated general health

As mentioned above, the outcome variable was “self-rated general health (SRGH)”. Self-
ratings of health were assessed using single-item global ratings measured on 5-point Likert
scales (Krause & Jay, 1995), which include the question “how would you rate your general
health?” Conceptually, this is considered as a general health perception in Wilson and
Cleary’s model (Baker et al., 2008). The responses comprised the ordinal categories of

‘poor’, ‘fair’, ‘good’, ‘very good’ and ‘excellent’.

3.3.2. Self-rated dental health

The explanatory variable, “self-rated dental health (SRDH)” is a single-item global rating
of oral health often used in research (Jones et al., 2001; Locker et al., 2002; Matthias et al.,
1993) and was based on those used in previous population oral health surveys conducted

by the Australian Research Centre for Population Oral Health (Carter & Stewart, 1999,
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2002; Carter et al., 1994). It was assessed by the question “how would you rate your own
dental health?”, with responses that comprised the ordinal categories of ‘poor’, ‘fair’,

‘good’, ‘very good’ and ‘excellent’.

3.3.3. Periodontal status

The explanatory variable periodontal status was evaluated at the clinical examination using
a method modified from the examination manual of the 2001 US National Health and
Nutrition Examination Survey (NHANES) (Center for Disease Control [CDC], 2001). The
periodontal pocket depth and gingival recession (REC) were measured using the National
Institute of Dental and Craniofacial Research periodontal probe that has two-millimetre
(mm) markings. Probing pocket depth (PPD) was defined as the distance from the free
gingival margin to the bottom of the periodontal crevice/ pocket. Gingival recession (REC)
was defined as the distance from the cemento-enamel junction (CEJ) to the free gingival
margin. All fractional millimetre (mm) measurements were rounded down to the nearest
whole millimetre (mm). The clinical attachment level (CAL) was calculated as the sum of
PPD and REC for each site during the data management stage. Measurements were made
at the mesio-buccal, mid-buccal and disto-buccal sides of all teeth. Three mutually
exclusive categories of periodontal status were computed using the following definitions
from the Centres for Disease Control and Prevention and the American Academy of
Periodontology: severe periodontitis = two or more interproximal sites (not on the same
tooth) with >6 mm CAL and at least one interproximal site with PD >5 mm; moderate
periodontitis = at least two interproximal sites with >4 mm CAL (not on the same tooth) or
at least two interproximal sites with >5mmPD (not on the same tooth); and no/mild

periodontitis = neither moderate nor severe (Page & Eke, 2007).
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3.3.4. Number of missing teeth

The explanatory variable “number of missing teeth” was derived from the variable
“number of teeth present”, calculated by adding together two variables “number of
remaining teeth in your upper jaw” and “number 0of176 remaining teeth in your lower jaw”.
Then, by using the formula “32 - number of teeth present”, the “number of missing teeth”

was derived.

3.3.5. OHIP-14 questionnaire

The instrument used in the current study to measure the impact of oral health on the quality
of life of elderly people was the Oral Health Impact Profile (OHIP)-14 (Slade, 1998). The
questionnaire comprises of 14 questions, corresponding to seven dimensions: functional
limitation, pain, psychological discomfort, physical disability, psychological disability,
social disability, and handicap. Five answers were possible for each question, based on the
Likert-type scale: “never”, “hardly ever”, “occasionally”, “fairly often” and “very often”

(Ulinski et al., 2013).

The severity of the impact on oral health could be calculated by the sum of ordinal
responses where “never” was coded as 0, “hardy ever” as 1, “occasionally” as 2, “fairly
often” as 3 and, “very often” as 4.This meant that a subject could have an OHIP-14
severity value ranging from 0-56 (Slade, 1998). Higher OHIP-14 scores indicate a greater

impact from the dental problem (Brennan & Singh, 2011).

3.3.6. Dairy

The nine types of dairy product comprised: flavoured milk; milk as a drink; milk on
breakfast cereals; milk in hot beverages; cream or sour cream; ice-cream; yoghurt; cottage

or ricotta cheese and cheddar and other cheeses with the FFQ used to collect these data.
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For each item, the average consumption frequency was recorded for the previous 12
months. The data for these items were collected on a 9-point scale ranging from ‘never, or
less than once a month’ to ‘6+ times per day’, coded 0-8. The total was the sum of all nine

items with a possible range of 0-72, with a higher score indicating higher consumption.

3.3.7. Bread-cereal

White bread or rolls, wholemeal/mixed grain bread or rolls, English muffin, bagel or
crumpet, dry or savoury biscuits and crispbread, muesli, cooked porridge, breakfast cereal,
rice (white or brown) and pasta-noodles, were the nine types of food items that were
considered in the bread-cereal food group . For each item, the average consumption
frequency was recorded for the consumption on average in the past 12 months. The data
for these items were collected on a 9-point scale ranging from ‘never, or less than once a
month’ to ‘6+ times per day’, coded 0-8. The total was the sum of all nine items with a

possible range of 0-72, with a higher score indicating more consumption.

3.3.8. Meat-fish-eggs

In this food group, data were collected on the consumption of 16 different kinds of meat
food items; four kinds of fish items including canned fish (tuna, salmon and sardines);
cooked fish (steamed, baked and grilled); fried fish and other seafood; and egg. For each
item, the average consumption frequency was recorded for the previous 12 months. The
data for these items were collected on a 9-point scale ranging from ‘never, or less than
once a month’ to ‘6+ times per day’, coded 0-8. The total was the sum of all 21 items with

possible range of 0-168, with a higher score indicates more consumption.
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3.3.9. Sweet foods-snacks

In the category of sweet foods-snacks, the varieties of sweet and baked goods and snacks
included s 15 items that comprised muffins, scones, and pikelets, sweet pies or sweet
pastries, other puddings or desserts, plain sweet biscuits, cream/chocolate biscuits, meat
pie, sausage roll or savoury pasty, pizza, hamburger, chocolate (including chocolate bars),
other confectionery, jam-marmalade-syrup-honey, peanut butter and other nut spreads,
vegemite, marmite and promite, nuts and potato chips, corn chips, twisties, etc. For each
item, the average consumption frequency was recorded for the previous 12 months. The
data for these items were collected on a 9-point scale ranging from ‘never, or less than
once a month’ to ‘6+ times per day’, coded 0-8. The total was the sum of all 15 items with

a possible range of 0-120, with a higher score indicating more consumption.

3.3.10. Mixed vegetables

Data were collected on four kinds of mixed vegetables comprising a green/mixed salad in a
sandwich, a side salad/with a main meal, stir-fried or mixed vegetables and vegetable
casserole were collected. For each item, the average consumption frequency was recorded
for the previous 12 months. These items were collected on a 9-point scale ranging from
‘never, or less than once a month’ to ‘6+ times per day’, coded 0-8. The total was the sum
of all four items with a possible range 0-32, with a higher score indicating more

consumption.

3.3.11. Vegetables

Excluding the mixed vegetables items, 22 different kinds of vegetables were included in
this item. The frequency of consumption was collected for the following: potato (boiled,

mashed or baked); hot chips; pumpkin; sweet potato; peas; green beans; silverbeet/spinach;
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broccoli; cauliflower; brussels sprouts/cabbage/coleslaw; carrots; zucchini/eggplant/
squash; capsicum; sweetcorn or corn on the cob; mushrooms; tomatoes; lettuce;
celery/cucumber; onions or leeks; soybeans or tofu; baked beans; and other beans/lentils.
For each item, the average consumption frequency was recorded for the previous

12 months. The data for these items were collected on a 9-point scale ranging from ‘never,
or less than once a month’ to ‘6+ times per day’, coded 0-8. The total was the sum of all

22 items with a possible range of 0-176, with a higher score indicating more consumption.

3.3.12. Fruits

Ten (10) different kinds of fruits (including dried, frozen and tinned) were included in this
FFQ, with these comprising: apple/pear; orange/mandarin/grapefruit; banana; stone fruits
(peach, nectarine, plum, apricot); mango or pawpaw; pineapple; grapes or berries; melon
(water-, rock-, honeydew-); lemon juice; and other fruit juices or fruit drinks. The data on
these items were collected on a 9-point scale ranging from ‘never, or less than once a
month’ to ‘6+ times per day’, coded 0-8. The total was the sum of all 10 items with a

possible range of 0-80, with a higher score indicating more consumption.

3.3.13. Age

Age was used in this study as a continuous variable, with a range of 45-90.

3.3.14. Gender

Gender was classified as male or female.

3.3.15. Smoking status

Smoking status was collected and used as a categorical variable in three categories

“currently smoke”, “former smoker” and “never smoked”.
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3.3.16. Tooth brushing habit

For the variable “tooth-brushing habit”, participants estimated the average number of
tooth-brushing times per day, with this used to calculate the variable “number of times

brushed teeth last week™.

3.3.17. Diabetes

Diabetes information was collected by asking participants whether or not a doctor had told

them they had diabetes.

3.3.18. Alcohol consumption

The variable “alcohol consumption” was estimated as the average number of standard
alcohol drinks per day calculated from two collected variables “days per week of alcohol

drinking” and “number of standard drinks per day’.

3.3.19. Social support

Social support was used as a continuous variable with a range of 12—60, using the
Multidimensional Scale of Perceived Social Support Assessment, a 12-item scale of
perceived social support from family and friends (Zimet et al., 1988). Participants
responded to the items on a 5-point Likert-type scale (ranging from ‘strongly disagree’ to
‘strongly agree’), with scores ranging from 1-5. The total was the sum of all 12 items with

a possible range of 12-60.

3.4.  Conceptual Mediation Model

The study developed the model in Figure 3.2 below to test for mediation. Seven (7) types

of food groups were considered as possible mediators between oral health and general
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health. Different oral health measures such as “periodontal status”, “self-rated dental health
(SRDH)”, “number of missing teeth” and “OHIP score” were considered as exposure
variables, with “self-rated general health (SRGH)” the outcome variable. For each

exposure, a model was tested with each individual mediator

Food Groups
Dairy
Bread_cereal
Meat_fish_eggs
Sweet_snacks

Mixed vegetables b
(@) Vegetables ®)
*  Fruits
Oral Health

+ Periodontal status (©) General Health
+ Self-rated dental health >
- Number of missing teeth ©) Self-rated general health
+ OHIP-score

a= association between oral health and food groups

b= association between food groups and general health

c= association between oral health and general health

c'= association between oral health and general health after control for food groups

+«» Controlled for age, gender, smoking-status, tooth brushing-habit, diabetes, alcohol-

consumption and social support

Figure 3. 2: Conceptual mediation model

3.5. Data Analysis Method

3.5.1. Descriptive statistics

Descriptive statistics including proportions/frequencies, means, standard deviations (SDs)
and 95% confidence intervals (Cls) were used to summarise oral health, food frequency,
general health and socio-demographic characteristics. Correlations were also used to assess

correlations between oral health, general health and food frequency measures.
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3.5.2. Normality test

To assess the variable distribution, skewness and kurtosis were checked. The study also
conducted the Kolmogorov—Smirnov test to test the assumption that data were drawn from

a normally distributed population.

3.5.3. Skewness and Kurtosis

Skewness is a measure of the asymmetry of the distribution of a variable. The skew value
of a normal distribution is zero, usually implying symmetric distribution. A positive skew
value indicates that the tail on the right side of the distribution is longer than the left side
and the bulk of the values lie to the left of the mean. In contrast, a negative skew value
indicates that the tail on the left side of the distribution is longer than the right side and the
bulk of the values lie to the right of the mean. West et al. (1996) proposed a reference of

substantial departure from normality as an absolute skew value > 2.

Kurtosis is a measure of the peakiness of a distribution. The original kurtosis value is
sometimes called kurtosis (proper) and West et al. (1996) proposed a reference of
substantial departure from normality as an absolute kurtosis (proper) value > 7. For some
practical reasons, most statistical packages such as SPSS provide ‘excess’ kurtosis
obtained by subtracting 3 from the kurtosis (proper). The excess kurtosis should be zero for

a perfectly normal distribution.

A z-test is applied for normality test using skewness and kurtosis. A z-score could be

obtained by dividing the skew values or excess kurtosis by their standard errors.

__ Skewwvalue | __ Excess kurtosis

7 =

1
SEskewness SEexcess kurtosis

According to different sample size, the critical values for normality is as follows;
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1) For small samples (n < 50), if absolute z-scores for either skewness or kurtosis are
larger than 1.96, which corresponds with an alpha level 0.05, then reject the null
hypothesis and conclude the distribution of the sample is non-normal.

2) For medium-sized samples (50 < n < 300), reject the null hypothesis at absolute z-value
over 3.29, which corresponds with an alpha level 0.05, and conclude the distribution of
the sample is non-normal.

3) For sample sizes greater than 300, depend on the histograms and the absolute values of
skewness and kurtosis without considering z-values. Either an absolute skew value
larger than 2 or an absolute kurtosis (proper) larger than 7 may be used as reference

values for determining substantial non-normality (Hae-Young, 2013).

3.5.4. Kolmogorov-Smirnov test

The Kolmogorov-Smirnov (KS) test is arguably the most well-known test for normality. In
its original form, the KS test is used to decide whether a sample comes from a population
with a completely specified continuous distribution. In practice, however, researchers often
need to estimate one or more of the parameters of the hypothesised distribution (e.g., the
normal distribution) from the sample, in which case the critical values of the KS test may
no longer be valid. In the case of normality testing, Massey (1951) suggested using sample
means and sample variances, and this is the norm in the current use of the KS test.
Lilliefors (1967) and Dallal and Wilkinson (1986) provided a table of approximate critical

values of KS statistics that are based on sample means and sample variances.

This is also available in most widely used statistical software packages. The current study
conducted the Kolmogorov—Smirnov test using the SPSS 24 software package. If the p-
value was more than 0.05, in other words, if the test statistics were not significant, then the

observations can be said to be normally distributed.
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3.5.5. Multivariate linear regression

Linear regression is a basic and commonly used type of predictive analysis. The overall
idea of regression is to identify the strength of the effect that the independent variable(s)
have on a dependent variable and to examine which variables in particular are significant

predictors of the outcome variable.

The current study conducted multivariate regression analysis using the SPSS 24 software
package. Firstly, the study assessed the relationship of self-rated oral health to the
consumption of different types of food. The study then assessed the effects of the
consumption of different types of food on general health and, lastly, an analysis of the

association of oral health with general health was undertaken.

3.5.6. Mediation analysis

If when utilising an intervening variable model, the explanatory variable X is assumed to
exert an effect on an outcome variable Y through one or more intervening variables, then

the intervening variable(s) are called the mediator/s (M/s) (Lyytinen & Gaskin, 2012).

Consider a variable X that is assumed to exert an effect on another variable Y. The
variable X is called the explanatory variable and the variable on which it exerts an
effect is called the outcome variable Y. Below is the diagrammatic form of the

unmediated model:
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The effect of X on Y may be mediated by a process or mediating variable M, and the
variable X may still exert an effect on Y. Below is the diagrammatic form of the mediated

model:

X > Y

The direct effect is the pathway from the explanatory variable to the outcome while
controlling for the mediator. Here ¢’ could also be called a direct effect. The coefficient for
the indirect effect represents the change in Y for every unit change in X that is mediated by
M. Judd and Kenny (1981) suggested computing the difference between the regression
coefficients to calculate the indirect effect. The approach involves subtracting the partial
coefficient (coefficient of X in path ¢”) from the simple regression coefficient of X in path
c. Finally, the total effect is the sum of the direct and indirect effects of an explanatory

variable on the outcome.

3.5.6.1. Baron and Kenny Method

Baron and Kenny (1986) proposed a four-step approach in which several regression

analyses are conducted, and the significance of the coefficients is examined at each step.

If the mediational model is correctly specified, the paths of ¢, a, b, and ¢’ can be estimated
by linear regression. In some cases, other methods of estimation (e.g., logistic regression,
multilevel regression modelling) must be used instead of multiple regression. Regardless of

which analytic data method is used, the steps necessary for testing mediation are the same.

Baron and Kenny (1986) recommended the following steps for mediation analysis:
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Step 1: Show that the explanatory variable affects the outcome. Use Y as the criterion
variable in a regression equation and X as a predictor, which estimates and tests path c in

the above diagram. This step establishes that there is an effect that may be mediated.

Step 2: Show that the explanatory variable affects the mediator. Use M as the criterion

variable in a regression equation and X as a predictor, which estimates and tests path a.

Step 3: Show that the mediator affects the outcome variable. Use Y as the criterion variable

in a regression equation and M as a predictor, which estimates and tests path b.

If Steps 1-3 have established the significant relationship, then proceed to step 4. If one or
more of these relationships are insignificant, researchers usually conclude that mediation is

not possible or likely.

Step 4: To show that M completely mediates the X-Y relationship, the effect of X on 'Y
controlling for M (path ¢”) should be insignificant. If X is still significant (i.e., both X and

M significantly predict Y) the finding supports partial mediation (see also Table 3.1).

Table 3.1: Mediation analysis steps

Analysis Visual depiction

Step 1 | Conduct a simple regression analysis with X predicting Y to I c 3
test for path ¢ alone Y=B, +B; X +e X Y

Step 2 | Conduct a simple regression analysis with X predictingMto | x —_5
test for path a, M=B, +B1 X +e a

Step 3 | Conduct a simple regression analysis with M predicting Y to M v
test the significance of path b alone, Y=B; +B1 M +e b

Step 4 | Conduct a multiple regression analysis with X and M I c 3
predicting Y, Y=Bo +B1 X + B, M +e X M—Lb v

Source: web.pdx.edu/~newsomj/da2/ho_mediation.pdf
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3.5.6.2. Sobel test

The Sobel (1982) test evaluates the significance of the mediator by the product of the
coefficients (a x b). It also requires the standard error (SE) of a or s, and the SE of b or sp,
both of which can easily be found from simple regression analysis. The standard error of
ab is then estimated which equals the square root of b?sa2 + as,?. The test of the indirect

effect is then done by the Z test as follows:

a Xb

Z =
\/bzsczl + a?s}

The absolute value of Z is larger than 1.96 with this being significant at the 0.05 level.

In the current research, the Sobel test was performed for an indirect effect using
Winnifred’s Mediation Program (WIMP), which is accessed on Kris Preacher’s website,

<http://www.unc.edu/~preacher/sobel/sobel.htm>.

3.5.6.3. Bootstrapping for standard errors

Bootstrapping, developed by Preacher and Hayes (2004, 2008), is a non-parametric method
based on resampling with a replacement which is done many times (e.g., 5000 times). The
main feature of this test is that it does not rely on the assumption of normality and thus, it
is also a fit for smaller sample sizes (Hair et al., 2014; Pardo & Roman, 2013). The indirect
effect is computed from each sample, and a sampling distribution can then be empirically
generated. As the mean of the bootstrapped distribution will not exactly equal the indirect
effect, a corrected estimate for bias can be made. With the distribution, a confidence
interval (ClI), a p-value or a standard error (SE) can be determined. Very typically, a
confidence interval (CI) is computed and then checked to determine if zero (0) is in the

interval. If zero (0) is not in the interval, then the researcher can be confident that the
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indirect effect is different from zero (0). In the current research, the bootstrapping for
standard error (SE) procedure was performed with 2000 resampling events, and was

conducted using Mediation Macro for SPSS (Preacher &Hayes, 2008).

3.5.6.4. Structural equation modelling (SEM) for mediation analysis

Structural equation modelling (SEM) is a very general, powerful multivariate technique. It
uses a conceptual model, path diagram and system of linked regression-style equations to
capture complex and dynamic relationships within a web of the observed and unobserved
variables (Douglas et al., 2013). In mediation analysis, SEM is a popular method. It
involves the examination of the process of an independent variable X that is thought to
exert an effect on a dependent variable, directly, as X->Y (path c), or indirectly through a
mediator, X>M-Y (path c’). Traditionally, researchers have fit a series of regressions to
estimate this relationship; however, , statistical researchers have shown the superiority of
SEM in simultaneously and more efficiently estimating these relationships (lacobucci,
2008). In the SEM mediation analysis, all paths are fit at the same time in a single model.
The significance of the path coefficients can be tested and, if desired compared in

magnitude (lacobucci, 2010).

The maximum likelihood method was conducted for the SEM mediation analysis with the
IBM SPSS AMOS 24 program used. Three types of effect were collected from the results:
direct, indirect and total effect. The direct effects were represented by regression
coefficients, either standardised ( weights) or unstandardised (B weights), and were
interpreted in the usual manner. The indirect effects were estimated by the sums of the
products of direct effects through the intervening variables in the model. The total effects

were simply the sum of the direct and indirect effects. The relative influence of variables
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within an equation was determined by comparing the standardised coefficients and the

statistical significance test using a p-value.

If the direct path was significant, the study included the mediating variable and used the
procedure again. If the indirect path was not significant, no mediation was found; if the
indirect path was significant, the study calculated the variance accounted for (VAF) with

the following equation:

VAF = indirect ef fect % 100

total ef fect

According to Hair et al. (2014) a VAF value of greater than 80% is full mediation: a value
between 20% and 80% indicates partial mediation, and a value less than 20% means no

mediation is present.

3.5.6.4.1. Fit Indices

In order for a hypothesis to be supported the mediation model for SEM, many criteria must
be met. These criteria can be classified as global or local tests. In order for a hypothesis to
be supported, the local test must be met; in order for a local test to have meaning, all global
tests must be met. If a hypothesised relationship has a significant p-value, the global test of
variance is next explained by R-squared (R?) (Statwiki). The model that best represents the
data and reflects the underlying theory is known as the best model fit. Figure 3.3 below

illustrates the precedence of global and local tests.
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Model Fit

Global

Source: Statwiki, 2018.
(http://statwiki.kolobkreations.com/index.php?title=Structural_Equation_Modeling#Statisti
cal_Support_for_Hypotheses_through_global_and_local_tests)

A variety of fit indices can provide the most fundamental indication of how well the

proposed theory fits the data (Hooper et al., 2008).
3.5.6.4.2. R-squared

The coefficient of determination (R?) is a common measure based on which the structural
model is evaluated. This coefficient represents the combined effects of all independent
variables on dependent variables (Hadi et al., 2016). The evaluation of goodness-of-fit

using R? is somewhat subjective, with R having no fixed guidelines (lacobucci, 2010).
3.5.6.4.3. f2 effect size

The effect size of the mediator in the SEM model is denoted by 2 and calculated by the

equation

R? — R?

include exclude

1—R2

include

f2
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According to Hadi,et al. (2016), 2> 0.02, 2> 0.15, and f2> 0.35, represent small, medium,

and large effects respectively.

3.5.6.4.4. CFI1 (Comparative fit index)

The Comparative Fit Index (CFI), first introduced by Bentler (1990), was subsequently
included as part of the fit indices in his EQS program (Kline, 2005). This statistic assumes
that all latent variables are uncorrelated (null/independence model) and compares the
sample covariance matrix with this null model. The values for this statistic range between
0.0 and 1.0 with values closer to 1.0 indicating good fit. A cut-off criterion of CF1 > 0.90
was initially advanced,; later on other studies have shown that a value greater than 0.90 is
needed to ensure that misspecified models are not accepted (Hu & Bentler, 1999). Thus, a
value of CFI > 0.95 is presently recognised as being indicative of a good fit (Hu & Bentler,
1999). This index is today included in all SEM programs and is one of the most popularly
reported fit indices as it is one of the measures least affected by sample size (Fan et al.,

1999).

The current study has not reported ¥ or the root mean square error of approximation
(RMSEA) because 2 is sensitive to a large sample size (n > 250), almost always indicating
a poor fit (lacobucci, 2010), while the RMSEA worsens as the number of variables in the
model increase (Fan & Sivo, 2005; Kenny & McCoach, 2003). Overall, in view of power
and robustness, Hu and Bentler (1998) have demonstrated the strong performance of the

Comparative Fit Index (CFI).
3.6.  Weighting
Unit record weights for this study’s survey were calculated to reflect the probabilities of

selection and to adjust for different participation rates across postcodes and among age and
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gender categories. For the telephone interview survey, weights were adjusted to ensure that
survey estimates were consistent with the 2005 ABS Estimated Residential Population
data. For the oral examination survey, which was restricted to dentate people aged 15 years
and over, estimates of the dentate population were derived from the telephone interview

survey and used to derive the examination weights (Slade et al., 2007).

3.7.  Ethic Approval

The nutrition sub-study was approved by the University of Adelaide Human Research

Ethics Committee (H-029-2005)
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Chapter 4: Results

This chapter outlines the response, descriptive statistics of the study variables and three

research articles that were produced from this study.

4.1. Responses

In the Australian National Survey of Adult Oral Health (NSAOH), 36,931 telephone
numbers were selected at random from the EWP sampling frame, of which 8,119 telephone
numbers were out-of-scope numbers (see Figure 4.1 below). Of the 28,812 in-scope
telephone numbers, a total of 14,123 adults responded to the CATI (49% response rate). In
total, 12,861 dentate adults responded to the telephone interview and a total of 5,505 adults
were examined (44% of the interviewed people who were invited to the oral examination).
In the nutrition sub-study, a total of 1,218 persons were approached in NSW and
Queensland, with 1,129 responding (92.7% response rate). Among them, 752 respondents

to the nutrition sub-study were aged 45 years and over.
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36,931 Telephone no. selected at random from the “electronic white pages” in

Australia,

A

28,812 in-scope
telephone numbers

14,689
Non-responded

1,262
Edentulous people

14,123
Responded adults

12,861
Dentate people

y

255
Out-of-scope for oral examination

12,606

In-scope for oral examination

7,101
Not examined

l

Examined

5,505

1,218
Approached for nutrition sub-study in NSW and Queensland

y

1,129
Responded to nutrition sub-study

l

752

Adults aged 45 years and more

Figure 4. 1: Number of people selected and participating in the survey
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4.2.  Descriptive Statistics

Table 4.1 shows the variables analysed in this study and their descriptive statistics. The
four oral health measures, seven different groups of food items, one general health measure

and seven control variables are described in Table 4.1 below.

Table 4. 1: Descriptive statistics of the variables.

Variables Kind of variable %/Mean
(SD)

Periodontitis Categorical None/Mild 66.1%
S Moderate 30.4%
% Severe 3.5%
= | Self-rated dental health Continuous (range 1-5) 3.3(0.9)
O | OHIP Score Continuous ( range 0-51) 7.3 (7.93)
Number of missing teeth Continuous ( range 0-28) 7.7 (6.9)
Dairy Continuous ( range 0-51) 25.6 (6.4)
« | Bread-cereal Continuous ( range 0-45) 25.6 (5.5)
3 | Meat-fish-eggs Continuous ( range 0-72) 42.4 (8.6)
g Sweet foods-snacks Continuous ( range 0-64) 32.5(8.5)
S | Mixed vegetables Continuous ( range 1-15) 12.4 (3.8)
L | Vegetables Continuous ( range 1-107) 61.9 (12.1)
Fruits Continuous ( range 1-64) 28.4 (8.5)
Self-rated general health Continuous ( range 1-5) 3.6 (0.9)
Age Continuous ( range 45-90) 60.5(10.1)
Average number of brushing Continuous ( range 0-5) 1.9 (0.7)
Average alcohol consumption Continuous ( range 0 to 12) 1.1(1.6)
& | Social support score Continuous ( range 12-60) 46.7(7.6)
S | Gender Categorical Male 49.6%
S Female 50.4%
© | Smoking Status Categorical Currently smoke 13.1%
§ Former smoker 35.2%
© Never smoke 51.6%
Doctor said have diabetes Categorical Yes 7.7%
No 92.3%
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4.3. Research Article 1

Islam S, Brennan DS, Roberts-Thomson K. Nutritional intake partially mediates the
relationship between periodontal status and self-rated general health in adults. Community

Dentistry and Oral Epidemiology. [Submitted 8 May 2018]

Highlights:

e This article shows the mediation effects of food consumption in the relationship
between periodontal status and self-rated general health in Australian adults.

e Based on the research, we provide suggestions for all healthcare professionals to
understand the potential relationships among food consumption, periodontal status
and self-rated general health and for nutritionists to develop dietary guidelines for

adults with periodontitis to maintain a healthy life

¢ Atrticle has been submitted to Community Dentistry and Oral Epidemiology (see

Appendix)
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4.3.2. Submitted article
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article has been submitted to Community Dentistry and Oral Epidemiology, and is

provided in the form as submitted to the journal.
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Abstract

Objective: Periodontitis is a chronic inflammatory disease affecting the supporting
structures of the teeth and playing a significant role in the systemic health of adults. Our
aim is to investigate the association of periodontal status and general health and to test
whether the intake of different food groups mediates this relationship. Method: Data were
collected in 2004-06, using a computer-assisted telephone interview, followed by an oral
examination, mailed questionnaire and a food frequency questionnaire (FFQ) in two states
of Australia, New South Wales and Queensland. Multivariate linear regression was
conducted to assess relationships between the variables. Self-rated general health and
periodontal status were used as the outcome and explanatory variables, food groups (dairy,
bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits)
were the mediators. Age, gender, smoking status, tooth-brushing habits, diabetes, alcohol
consumption and social support were the control variables. Baron and Kenny’s mediation
analysis was initially performed, followed by Sobel’s test for mediation. Lastly,
bootstrapping for standard error and structural equation modelling (SEM) were conducted
to assess the consistency of the mediation model to the data. If SEM indicated the presence
of mediation, the variance accounted for (VAF) was calculated to ascertain the strength of
mediation. Result: A total of 1129 persons responded to the FFQ (92.7% response rate),
with 62.6% aged 45+ years. Adults with none/mild and moderate periodontitis compared to
severe periodontal problems rated their general health better ($1=-0.13 with p<0.001 and
S2=-0.09 with p<0.001). The Baron and Kenny and Sobel tests showed the associations
between periodontal status and self-rated general health were partially mediated by food
intake (Sobel test: for all mediators: dairy, bread-cereal, meat-fish-eggs, sweet foods-
snacks, mixed vegetables, vegetables and fruits, p<0.05). Multiple mediation bootstrap
results showed bias-corrected confidence intervals (-0.0091, 0, 0052) for the mediators:
dairy (-0.0012, 0.0347); bread-cereal (-0.0017, 0.0303); fish-meat-eggs (-0.0028, 0.0287);
sweet foods-snacks (-0.0036, 0.0126); mixed vegetables (-0.0064, 0.0132); vegetables and
(-0.00205, 0.0022) fruits with this indicative of no mediation. The SEM analysis for
mediation showed p=0.76, p=0.045, p=0.050, p=0.015, p=0.73, p=0.42 and p=0.30 for
dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and
fruits. The VAF for bread-cereal was 35.7%; for meat-fish-eggs 35.7%; and for sweet
foods-snacks was 39.3%. Conclusion: Less severe periodontal problems predicted better
general health. Structural equation modelling (SEM) and VAF indicated that the
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association between periodontal status and self-rated general health (SRGH) was partially

mediated by the consumption of bread-cereal, meat-fish-eggs and sweet foods-snacks.
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Nutritional intake partially mediates the relationship between
periodontal status and self-rated general health in adults

1. Introduction

In Australia, the burden of periodontitis is significant. Periodontal disease affects 22.9% of
the adult population, and varies from 7.5% for those aged 15-34 to 52.0% at age 65 years
and over.! Periodontitis is a common chronic inflammatory disease that affects the
supporting structure of the teeth? and the effect of periodontal disease increases with age.®
Periodontitis has been reported to have negative impacts on aspects of daily living and
health-related quality of life*> and may adversely increase the risk of systemic health
outcomes.® Periodontal disease can lead to oral pain, teeth becoming loose and even being
lost, then can result in chewing difficulty which can affect both body composition and
nutritional status.” Sensible/healthier food consumption is essential for general health.®

In the late 1980s, Mattila et al. reported the association between dental health and acute
myocardial infarction and related the significance of periodontal disease to general health.®
Since then, evidence of the link between periodontal disease and several systemic diseases
is growing, and periodontitis is associated with an increased risk of coronary heart disease,
diabetes, and adverse changes in blood pressure and serum cholesterol level .

The impact of oral conditions on nutrition status may relate importantly to nutrient or food
intake. Some studies found no difference in nutrient intake between patients with periodontal
disease and the general population®!, but others reported an increasing prevalence of
periodontitis with larger body mass groups 2. Most recent studies say that patients with

chronic periodontitis consumed too few fruits and vegetables.*®

To maintain a healthy life at any age, sensible/healthier food consumption is necessary.
Some reports!*1° state that poor dietary habits in older age increase the rate of developing
chronic health problems. Laugero et al. found that a lower intake of protein, fruits,
vegetables, fibre and omega-3 fatty acids and a higher intake of carbohydrate and food
groups, characterized by salty snacks, sweet foods, and high Glycaemic Index (GI) foods
along with physical activity patterns affect the development of chronic health diseases in

older age ° Fruits, vegetables, whole-grains, low-fat dairy products, poultry, fish and nut
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consumption were recommended for preventing heart disease and stroke in the at-risk
population. 8

A diet with very low (<1% of daily energy intake) intake of trans fatty acids, adequate intake
(6-10% of daily energy intake) of Polyunsaturated fatty acids and low intake of sodium
chloride (less than 5g/d) can reduce the risk for cardiovascular health and restriction of free
sugar intake (< 10% of total energy) can contribute to reduce the risk of unhealthy weight
gain (Nishida et al., 2004). The joint consultation report of WHO/FAO (2003) states that
adequate intake of non-starch polysaccharides fibre such as whole-grain cereals and legumes
(> 20 g/d) and fruits and vegetables (>400g/d) have potential health benefits in preventing

obesity, diabetes, cardiovascular disease and various cancers.

Hosseini et al (2018) suggested from the systematic review and meta-analysis, a diet high in
fruit and vegetables may lead to reduction in inflammation, (where inflammation is one of

the major cause of a range of chronic diseases) and enhanced immune cell profile.

From the literature review, we can see associations between periodontitis and general
health, periodontitis and nutrition, and nutrition and general health. Nutrition may be
postulated as a mediator of the relationship between periodontitis and general health.
Therefore, the purpose of the current study is to investigate the potential association of
periodontal status and general health and to test whether the intake of different food groups

mediates this relationship for adults.

Mediation analysis explores the role of intervening variables (mediators) in an observed
relationship between an exposure variable and an outcome variable, rather than
hypothesising only a direct relationship between the exposure variable and the outcome
variable. A mediational model (also called a ‘mediation model’) hypothesises that the
exposure variable affects the mediator variable which, in turn, affects the outcome

variable.'’

61



We believe that elucidating this relationship might be helpful in making
appropriate/sensible food choice for adults with periodontitis so they can maintain a
healthy life.

2. Method

2.1. Participants and data collection

Data for this study were derived from the 2004—2006 Australian National Survey of Adult
Oral Health (NSAOH).*8 Study participants were selected at random using a multistage,
stratified clustered sample selection procedure with a sampling frame compiled from listed
telephone numbers in the Electronic White Pages (EWP) database.'® Information was
collected by a computer-assisted telephone interview (CAT]I) followed by an oral
epidemiological examination, and completion of a mailed questionnaire, and then a food
frequency questionnaire (FFQ). An initial letter explaining the purpose of the survey was
mailed to the participants selected from sampled telephone numbers, approximately

10 days prior to dialling them. The telephone interview collected information on socio-
demographic characteristics and several health-related factors including smoking status.
People who reported they were dentate were invited to participate in an oral
epidemiological examination that included periodontal assessment. Following the
epidemiological examination, a questionnaire was mailed to all examined people
containing information such as psycho-social variables. The subsequent FFQ collected data
on the consumption of specific food items that included nine types of dairy; nine types of
bread and cereal; 21 types of meat, fish and eggs; 15 types of sweet foods and snacks; four
types of mixed vegetables; 25 types of vegetables; and eight types of fruits based on the
items used in the National Nutrition Survey.!® Periodontal disease is age related and
increases with age.® The risk of chronic conditions also increases with age.?° As chronic
health problems take time to develop and may not be noticeable among those of younger
ages, we considered older adults aged 45 years and older as participants in this study. Full
details of participation in the study, together with descriptive findings, have been reported
elsewhere. 18

2.2.  Study variables

The outcome variable was self-rated general health (SRGH). Self-ratings of health were

assessed using single item global ratings measured on 5-point Likert scales??, which
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included the question “how would you rate your general health?”” Conceptually, this is
considered as a general health perception in Wilson and Cleary’s model.?? The responses

comprised the ordinal categories of ‘poor,” ‘fair,” ‘good’, ‘very good’ and ‘excellent’.

The main exposure periodontal status was evaluated at the clinical examination using a
method modified from the examination manual used in the US National Health and
Nutrition Examination Survey (NHANES) (2001).2% The periodontal pocket depth and
gingival recession were measured using the National Institute of Dental and Craniofacial
Research periodontal probe that has 2-mm markings. Probing pocket depth (PPD) was
defined as the distance from the free gingival margin to the bottom of the periodontal
crevice/pocket. Gingival recession (REC) was defined as the distance from the cemento-
enamel junction (CEJ) to the free gingival margin. All fractional millimetre measurements
were rounded down to the nearest whole millimetre. The clinical attachment level (CAL)
was calculated as the sum of PPD and REC for each site during the data management
stage. Measurements were made at the mesio-buccal, mid-buccal and disto-buccal sides of
all teeth. Three mutually exclusive categories of periodontal status were computed using
the following definitions from the Centers for Disease Control and Prevention and the
American Academy of Periodontology (CDC—AAP): severe periodontitis = two or more
interproximal sites (not on the same tooth) with > 6 mm CAL and at least one
interproximal site with PD > 5 mm; moderate periodontitis = at least two interproximal
sites with >4 mm CAL (not on the same tooth) or at least two interproximal sites with
>5mm PD (not on the same tooth); and no/mild periodontitis = neither moderate nor

Severe.

Seven mediators of food items (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks,
mixed vegetables, vegetables and fruits) from the subsequent FFQ based on the National
Nutrition Survey!® were considered as mediators. For each food item, the average

consumption frequency was recorded for the past 12 months. These items were collected

on a 9-point scale ranging from ‘never, or less than once a month’ to ‘6+ times per day’.

Age, gender, smoking status, tooth-brushing habits, diabetes, alcohol consumption and
social support were the control variables. Control variables were selected initially from a
literature review of associations between periodontal status and nutrition, nutrition and
self-rated general health, and periodontal status and general health. The critical level of p <

0.20%* was then used to select the control variables in this study.
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Age, tooth-brushing habits and alcohol consumption were used as a continuous variable
with a range of 45-90 years, the average number of tooth-brushing times per day and the
average number of standard alcohol drinks per day, respectively. Social support was also
used as a continuous variable with a range of 12-60, using the Multidimensional Scale of
Perceived Social Support Assessment, a 12-item scale of perceived social support from
family and friends.?® Respondents answered items on a 5-point Likert-type scale (‘strongly
disagree’ to ‘strongly agree”), scored 1-5. The total is the sum of all 12 items, and the
possible range for the total is 12-60. Gender was dichotomised between male and female,
diabetic status was coded based on whether or not a doctor had told them they had diabetes
and smoking status was categorised as “currently smoke”, “former smoker” and “never
smoked”.

2.3.  Statistical analyses

Initially, the distribution of the outcome and mediator variables was assessed using the
Kolmogorov—Smirnov test, and kurtosis and skewness were checked.

We then used multivariable regression analysis in three stages. First, we assessed the
relationship of periodontal status to consumption of a different type of food. Then the
effect of consumption of different types of food on general health was assessed, followed

by the association of periodontal status to general health.

The hypothesis that periodontal status is associated with self-rated general health (SRGH)
through the consumption of food (seven different types of food group) was tested in the
mediation analysis, in accordance with recommendations by Baron and Kenny.?® The
analyses was performed as follows: first, we checked in the regression analysis if a direct
effect (path c) between the independent variable (periodontal status) and the dependent
variable (self-rated general health [SRGH]) was significant (see Fig. 1). Second, we
checked if the independent variable predicted the proposed mediator (M) (path a). Third,
the mediator was used as a predictor of the dependent variable (YY) (path b). Lastly, if non-
zero relationships between paths a, b and c existed, we then checked the association of the
independent variable to the dependent variable after controlling for mediators (path ¢”).

Full mediation exists when the effect of the independent variable on the dependent variable
is no longer significant after including the mediator in the model. Partial mediation occurs

when the relationship between the independent variable and dependent variable is
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significantly reduced, but still significant when the mediator is included in the model. In
order to test the significance of mediation, the Sobel test was performed for an indirect
effect using Winnifred’s Mediation Program (WIMP), which is based on Kris Preacher’s

website, <http://www.unc.edu/~preacher/sobel/sobel.htm>.

A non-parametric resampling procedure, bootstrapping for standard errors, was also
conducted to test mediation, with this procedure not imposing the assumption of the
normality of the sampling distribution. The bootstrapping for standard errors with

2000 resampling iterations was conducted using Mediation Macro for SPSS by Preacher
and Hayes (2008).2" Lastly, structural equation modelling (SEM) for mediation analysis
was conducted using AMOS graphics, in which all three paths (paths a, b and ¢ from

Fig. 1) fit in a single model. The significance of the path coefficient was tested and
compared in magnitude. If the indirect path was not significant, no mediation was found; if
it was significant, we calculated the variance accounted for (VAF) to test the strength of
the mediator. According to Hair et al. (2014), a VAF value greater than 80% is full
mediation, a value 20%-80% is partial mediation, and a value less than 20%, although the
indirect effect is significant, means that no mediation occurs.?8. All analysis was performed
using SPSS version 24.0.

3. Result

3.1.  Response

In the NSAOH, a total of 14,123 adults responded to the CATI (49% response rate), and
5,505 were examined (44% of interviewed people who were invited to the examination). In
the nutrition sub-study, a total of 1,218 persons were approached in New South Wales and
Queensland, with 1,129 responding (92.7% response rate). Among them, 752 respondents
to the nutrition sub-study were aged 45 years or over.

3.2.  Sampling distribution

This study shows that around 34% of adult participants aged 45 years and over suffer from
moderate to severe periodontitis. The Kolmogorov—-Smirnov test indicated that several
variables deviated from normal distributions (p<0.05). However, the skewness and kurtosis
were between -1 to 1 and -3 to 3 (see Table 1). As also found from the graphical
presentation, for all continuous variables, the histograms had the approximate shape of a
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normal curve. The mean, standard deviation and correlations of main study variables are
shown in Table 1.

3.3.  Relations between Periodontitis, food items and self-rated general health

The multivariate linear regression model (see Table 2) showed that adults with severe
periodontal status compared to those with moderate or less periodontal status consumed
less frequently bread-cereal, sweet foods-snacks, mixed vegetables, vegetables, vegetables

and fruits and more frequent consumption of dairy products and meat-fish-eggs

Those adults who consumed more dairy, bread-cereal, meat-fish-eggs and sweet foods-
snacks again rated their general health as poor. Those who vegetables, fruits and mixed

vegetables consumed more frequently rated their general health higher.

Lastly, adults with none/mild and moderate periodontal problems compared to those with
severe periodontal problems rated their general health higher.

3.4.  Mediation analysis

From Baron and Kenny’s mediation analysis (see Table 2), a significant (p<0.005)
relationship between periodontitis and all kinds of food groups is shown by model a. For
model b, all food groups were significantly (p<0.001) associated with self-rated general
health (SRGH). Moreover, for model c, periodontitis is significantly (p<0.001) associated
with self-rated general health (SRGH). In model ¢’, we see that, after introducing food
groups, both periodontitis and all food groups (except dairy) significantly (p<0.001)
predicted self-rated general health (SRGH). However, from the Sobel test, it can be
concluded that the association between periodontitis and SRGH was partially mediated by
dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and
fruits (p<0.005).

From the bootstrapping test for standard errors, as implemented by Preacher and Hayes
(2008), the bias correction confidence intervals (Cls) for all food groups included “0”; that
is, they indicated that the indirect effect was not significant and that no mediation was

established.?’
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From the SEM analysis (Table 3), a significant indirect association was found for
mediators of bread-cereal, meat-fish-eggs and sweet foods-snacks. This indicated that the
association between periodontitis and SRGH was partially mediated by bread-cereal, meat-

fish-eggs and sweet foods-snacks.

From VAF, it was found that 35.7% of the effect of periodontitis on SRGH was explained
by the consumption of bread-cereal. Again 35.7% of the effect of periodontitis on SRGH
was explained by the consumption of meat-fish- eggs. Also, 39.3% of the effect of
periodontitis on SRGH was explained by the consumption of sweet foods-snacks.

4. Discussion

This study showed that higher self-rated general health (SRGH) has positive correlations
with the consumption of mixed vegetables, vegetables and fruits, and negative correlations

with the consumption of dairy, bread-cereal, meat-fish-eggs and sweet foods-snacks.

In this study, an indirect effect of periodontitis was found on SRGH which is partially
mediated by the consumption of the different kinds of food groups of bread-cereal, meat-
fish-eggs and sweet foods-snacks, which was confirmed by both SEM and path analysis.
That is, periodontal status has both direct and indirect effects on SRGH, but the direct
effect was not mediated, whereas the indirect effect was transmitted through bread-cereal,
meat-fish-eggs or sweet foods-snacks. Note that, with complete mediation, the independent
variable had no direct effect on the dependent variable; its entire effect was indirect, (i.e.,
the entire effect was transmitted through the mediator variable). Therefore, 35.7% of the
effect of periodontitis on SRGH was explained by the consumption of bread and cereal.
The consumption of meat, fish and eggs also had the same effect of periodontitis on self-
rated general health (SRGH). However, consumption of sweet foods-snacks (39.3%) had
slightly more effect of periodontitis on self-rated general health (SRGH).

On the other hand, consumption of dairy products, mixed vegetables, vegetables or fruits
did not mediate the relationship between periodontitis and SRGH; that is, the consumption
of these food items (dairy products, mixed vegetables, vegetables or fruits) had no effect
on the relationship between periodontitis and self-rated general health (SRGH). However,
increasing the consumption of mixed vegetables, vegetables and fruits had a positive

impact on general health. Having more periodontal problems may also be considered as a
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risk factor as these respondents had a higher consumption of dairy which is associated with

worse general health.

To explore the mediation effect, several different approaches (classical and modern) were
tested in this study. Initially, the most classical approach of Baron and Kenny (1986)2° was
conducted, with this having been used by many researchers.?*32 The main criticism of this
method is that mediation may work out even when no statistical significance of the
dependent and independent variables is found.® In addition, in Baron and Kenny’s (1986)
approach, after inclusion of the mediator, if the relationship stays significant, mediation
may be partial or absent, which is not specified.?® To identify the appropriate specifications
of mediation, the Sobel test was popularised, with this test measuring whether an
intermediation effect is significant.® The problem with Sobel’s test is its dependence on
distribution assumptions which may have an effect on the estimation of true p-values in
smaller sample sizes. Researchers?’* suggested using bootstrapping for standard errors to
address this problem, with this method appearing to have higher power in a small sample.
In modern mediation analysis, SEM is one of the prominent methods that can fulfil the
requirements of mediation analysis if it is considered necessary. Structural equation
modelling (SEM) uses a conceptual model, a path diagram and a system of linked
equations (regression style) to capture complex and dynamic relationships within a web of
observed and unobserved variables. It also provides a more appropriate inference
framework for mediation analysis in a single analysis. Therefore, this study focused on the

result from the SEM mediation model using the AMOS technique.

For the goodness-of-fit model, we have reported the Comparative Fit Index (CFI) values.
Ideally, for a model that fits the data, the CFI would be close to 0.95 or higher.3® We have
not reported ¥ or the root mean square error of approximation (RMSEA) because ¥ is
sensitive to a large sample size (n>250) for which it almost always indicates a poor fit®’
and the RMSEA worsens as the number of variables in the model increase.®*% Overall,
given power and robustness, Hu and Bentler (1998) have demonstrated the CFI’s strong
performance.*’ The coefficient of determination (R?) value for each model in this study is
not strong, but these R? values are for the overall model, while this study is interested in
the effect of the mediators in our predictive model. The goodness-of-fit evaluation using
R? is somewhat subjective, with R? having no fixed guidelines ¥. The effect size (f?) of the

mediators (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,
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vegetables and fruits) in the relationship between periodontitis and self-rated general health
(SRGH) is small.

The strength of this study is its large and representative sample derived from the Australian
National Survey of Adult Oral Health (NSAOH). We have used both classical and modern

methods to analyse mediation.

Very few studies*! have examined the role of nutrition as a mediator in the relationship
between oral health and general health. These studies have only reviewed the literature in
relation to oral conditions with nutrition or have only linked various nutrition variables and
systemic disease, but relatively little work has been done on the hypothesised mediation

model.

One limitation of this study is its cross-sectional design which makes it impossible to draw
the causal relationships between periodontal status, different kinds of food groups and
general health. While consideration of cause is an essential aspect of mediation, the aim of
this study was not to investigate the causal relationship. Instead, the focus was on
establishing whether mediation is supported when statistical associations are examined. In
the current study, a less healthy and healthy food items were considered in the same food
group. For example, all kind of dairy such as low fat and full fat dairy were considered as a
“dairy” Sugary fruits, fruit juice and other all kind of fruits considered as a “fruits”.
Starchy vegetables, fried vegetables, oiled/mashed/baked vegetables, raw vegetables and
cooked vegetables considered as ‘vegetables’. Even good protein (fish), protein with
saturated fat (red meat) and eggs considered in a same food group. However, according to
initial research interest, overall food group was considered, further research could focus on
less healthy and healthy food groups or consider nutrient variables, such as saturated fat,
poly- or mono-fats, protein, carbohydrate, sugar, fibre, calcium, cholesterol, iron, folate,
etc., from consumed food. In addition, the study had a lack of socio-economic status
(SES)-related control variables. In the selection procedure for the control variables, the
SES variables were insignificant; this study also focused more on the biological
relationship between periodontal status and general health. An additional limitation of this
study was that individual models were conducted for each mediator which may violate the
overall assessment of direct and indirect effects. However, according to our interest, we
could consider the mediators one at a time if the mediators did not have an effect on one

another.*? In this study, we have been initially interested in the effect of each food group as

69



a mediator, but further research could focus on the modelling of multiple mediators, thus

considering the suggestion of Vansteelandt and Daniel.*3

Hence, it can be concluded that general health may be improved for those older people
with periodontitis by reducing the consumption of bread-cereal, meat-fish-eggs or sweet
foods-snacks. The reduction of bread-cereal may be specified as a reduction of white bread
or roll, English muffin, bagel or starchy white rice, etc. rather than high fibre bread cereal
such as wholemeal/mixed grain bread or brown rice, etc. which are better for health. On
the other hand, meat-fish-eggs may be better balanced by reducing red meat or fried fish
rather than reducing cooked fish (steamed, baked or grilled). The reduction of sweet foods-
snacks may be mainly linked to risk factors for the consumption of more free sugar and

saturated fat.

Although the effect of periodontitis on SRGH was not mediated by the consumption of
dairy, mixed vegetables, vegetables or fruits, the increased consumption of mixed

vegetables, vegetables and fruits had a positive impact on general health.

The findings indicate the importance of considering periodontal status when developing

nutrition intervention strategies for adults to maintain a healthy life.
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Periodontal disease

e None/Mild
e Moderate
e Severe

v

Food group

Dairy
Bread_cereal
Meat_fish_eggs
Sweet foods_snacks
Mixed vegetables
Vegetables

Fruits

a= association between oral and nutrition status (food groups)

b= association between nutrition status (food groups) and general health

c= association between general health and oral health
¢’= association between general health and oral health after control for nutrition status (food

groups)

\4

Self-rated

general health

«+ Controlled for age, gender, smoking-status, tooth brushing-habit, diabetes, alcohol
consumption and social support

Figure 1: Conceptual model for mediation analysis.
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Table 1: Mean (SD), Skewness, Kurtosis and correlations among main study variables.

Variable Range | Mean (SD) | Skewness | Kurtosis Correlations
Self-rated

general health
Self-rated general health | 1-5 3.6 (0.96) -0.36 -0.23 -
Dairy 0-51 25.6 (6.35) | -0.33 1.26 -0.028*
Bread-cereal 0-45 25.6 (5.51) |-0.49 2.63 -0.069*
Meat-fish-eggs 0-72 42.4 (8.55) | -0.22 2.23 -0.110*
Sweet foods-snacks 0-64 32.5(8.39) | 0.12 0.61 -0.045*
Mixed vegetables 1-15 12.4(3.76) | -0.15 0.76 0.032*
Vegetables 1-107 | 61.9(12.07 | -0.41 2.23 0.032*
Fruits 1-64 28.4 (8.48) | 0.19 0.71 0.025*

*p<0.001
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Table 2: Regression analysis and multiple mediator models

Independent | Mediator Dependent Path B Sobel Z | p Degree of
variable (X) | (M) Variables mediation
Periodontitis - Self-rated c 0.13*
general health 0.09*
Periodontitis Dairy - a -0.31* -7.02 p<0.001 | Partial
-0.09* -2.39 p=0.016 | Mediation
- Dairy Self-rated b -0.003*
general health
Periodontitis (Dairy) Self-rated c’ 0.13*
general health 0.09*
Periodontitis Bread-cereal - a 1.35* 34.02 p<0.001 | Partial
0.43* 11.73 p<0.001 | Mediation
- Bread-cereal Self-rated b -0.01*
general health
Periodontitis (Bread-cereal) Self-rated c’ 0.15*
general health 0.10*
Periodontitis Meat-fish-eggs - a -0.75* -13.53 | p<0.001 | Partial
-0.81* -14.46 | p<0.001 | Mediation
- Meat-fish-eggs Self-rated b -0.01*
general health
Periodontitis (Meat-fish-eggs) Self-rated c’ 0.13*
general health 0.09*
Periodontitis Sweet foods- - a 2.20* 33.57 p<0.001 | Partial
snacks 0.44* 8.14 p<0.001 | Mediation
- Sweet foods- Self-rated b -0.007*
snacks general health
Periodontitis (Sweet foods- Self-rated c’ 0.14*
snacks) general health 0.09*
Periodontitis Mixed vegetables | - a 0.05* -1.81 p=0.050 | Partial
0.06* -1.96 p=0.049 | Mediation
- Mixed vegetables | Self-rated b 0.001*
general health
Periodontitis (Mixed vegetable) | Self-rated c’ 0.13*
general health 0.09*
Periodontitis Vegetables - a 6.31* -32.16 | p<0.001 | Partial
5.28* -32.08 | p<0.001 | Mediation
- Vegetables Self-rated b 0.003*
general health
Periodontitis (Vegetables) Self-rated c’ 0.12*
general health 0.09*
Periodontitis Fruits - a 1.07* -12.34 | p<0.001 | Partial
0.54* -8.57 p<0.001 | Mediation
- Fruits Self-rated b 0.002*
general health
Periodontitis (Fruits) Self-rated c’ 0.13
general health 0.09

*p<0.001

73




Table 3: Mediation results from Preacher and Hayes Bootstrap method and Structural

Equation Model

Relationship Bootstrap Bias SEM Result Degree of | VAF

Correction ClI mediation

LL UL Direct without | Direct with Indirect
mediation Mediation effect

General health depends | -0.0091 | 0.0052 | 0.016 (p=0.66) | 0.02 0.000 No -
on periodontitis (M: (p=0.67) (p=0.76) mediation
Dairy)
General health depends | -0.0012 | 0.0347 | 0.016 (p=0.66) | 0.01 0.006 Partial 35.71
on periodontitis (M: (p=0.78) (p=0.045) | mediation
Bread-cereal)
General health depends | -0.0017 | 0.0303 | 0.016 (p=0.66) | 0.01 0.005 Partial 35.71
on periodontitis (M: (p=0.76) (p=0.05) mediation
Meat-fish-eggs)
General health depends | -0.0028 | 0.0287 | 0.016 (p=0.66) | 0.009 0.006 Partial 39.28
on periodontitis (M: (p=10.78) (p=0.015) | mediation
Sweet foods-shacks)
General health depends | -0.0036 | 0.0126 | 0.016 (p=0.66) | 0.016 0.000 No -
on periodontitis (M: (p=10.67) (p=0.73) mediation
Mixed Vegetables)
General health depends | -0.0064 | 0.0132 | 0.016 (p=0.66) | 0.016 -0.001 No -
on periodontitis (M: (p=0.65) (p=10.42) | mediation
Vegetables)
General health depends | -0.0021 | 0.0022 | 0.016 (p=0.66) | 0.018 -0.00 No -
on periodontitis (M: (p=0.63) (0.30) Mediation
fruits)

For mediator dairy: CFI=1; R2=0.075; f2=0.001

For mediator bread-cereal: CF1=0.99; R2=0.080; f2=0.007
For mediator meat-fish-eggs: CF1=0.996; R2=0.082; f2=0.008
For mediator sweet foods-snacks: CF1=0.997; R2=0.080; f2=0.007
For mediator mixed vegetables: CFI=0.966; R2=0.075; f2=0.001
For mediator vegetables: CF1=0.989; R2=0.075; f2=0.001

For mediator fruits: CF1=0.998; R2=0.075; f2=0.001

*effect size P=R2inciuded — R%exciuded/ 1- RZinciuded; LL=lower limit; UL=upper limit
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4.3.4 Appendix

Table: The table describes the food items that included in each food group

Food group

Food items

Dairy

Flavored milk, milk as a drink, milk on breakfast cereals, milk in hot
beverages, cream or sour cream, ice-cream, yoghurt, cottage or ricotta
cheese and cheddar and other cheeses

Bread-cereal

White bread or rolls, wholemeal/mixed grain bread or rolls, english
muffin, bagel or crumpet, dry or savoury biscuits and crispbread, muesli,
cooked porridge, breakfast cereal, rice (white or brown) and pasta-
noodles

Meat-fish-eggs

Meat food items, four kinds of fish item include canned fish (tuna,
salmon and sardines), cooked fish (steamed, baked and grilled), fried
fish and other seafood, and egg

Sweet-snacks

Cakes that includes muffins, scones, and pikelets, sweet pies or sweet
pastries, other puddings or desserts, plain sweet biscuits,
cream/chocolate biscuits, meat pie, sausage roll or savoury pastry, pizza,
hamburger, chocolate (including chocolate bars), other confectionary,
jam-marmalade-syrup-honey, peanut butter and other nut spreads,
vegemite, marmite and promite, nuts and potato chips, corn chips,
twisties

Mixed Green/mixed salad in a sandwich, as a side salad/with a main meal, stir-

vegetables fried or mixed vegetables and vegetable casserole

Vegetables Potato (boiled, mashed or baked), hot chips, pumpkin, sweet potato,

(including peas, green beans, silverbeet/spinach, broccoli, cauliflower, brussel

fresh, frozen sprouts/cabbage/coleslaw, carrots, zucchini/ eggplant/squash, capsicum,

and tinned) sweetcorn or corn on the cob, mushrooms, tomatoes, lettuce,
celery/cucumber, onions or leeks, soybeans or tofu, baked beans, and
other beans-lentils

Fruits Apple/pear, orange/mandarin/grapefruit, banana, stone fruits (peach,

nectarine, plum, apricot), mango or paw-paw, pineapple, grapes or
berries, melon (water-, rock-, honeydew-), lemon juice and other fruit
juices or fruit drinks

78




cDC dontal case clag®Micatio 02

\. ,J
18y inp#king stalﬂlgbz -

L

v alsuppey

A7

.00

Figure Al: Structural equation model with mediator ‘Dairy’

79



! 04
Bread_Cereal
o @
08
. -1%

CDC pafipdontal case cla

U

.00

Figure A2: Structural equation model with mediator ‘Bread-cereal’

80



! 03
Meat_fish_eggs
/ : ®
08

CDC periodontal case classifffation

.01

.00

év\c\k.ngstat 173
TN

o]

Figure A3: Structural equation model with mediator ‘Meat-fish-eggs’

81



.04

Sweet_snacks

08
SRGH
10
15
01
e moking gtatu /
o N7
ocialspipgort 94 |15
ge\dears) Ay
bit _
. 3 02
Biab
AICOMMUWJ
02
05

Figure A3: Structural equation model with mediator ‘Meat-fish-eggs’

82

-25



o7

Mixed_vegetables

briodontal case classi

SRGH

.02

Figure A5: Structural equation model with mediator ‘Mixed vegetables’



Vegetables

.04

CDC p#ftjodontal case clas

A3

A7

X

Figure A6: Structural equation model with mediator ‘Vegetables’

84



.09

CDC p#ffjodontal case clasg

13
A7
o =10 % oking q(us/
\\ W y (/Y
h......t
AN 0t =
hoted, A w1\ -10
‘%‘::‘1‘ ESgFiicohol-Eonsungption
03°
05

Figure A7: Structural equation model with mediator ‘Fruits’

85



4.4. Research Article 2

Islam S, Brennan DS, Roberts-Thomson K. Assessing Food Intake as a Mediator between
Oral (Missing Teeth and OHIP) and General Health. Australian Dental Journal.

[Submitted 8 May 2018]

Highlights:

e This article evaluates the mediation effects of food consumption on the relationship
between oral health (missing teeth and OHIP score) and self-rated general health in
Australian adults.

e Based on the research, we provide suggestions for all health care professionals to
develop their understanding of the potential relationships among food consumption,
oral health (missing teeth and OHIP) and self-rated general health and reinforce the
importance to them of considering dietary guidelines so they can design oral health
policy for adults with missing teeth and higher OHIP scores and, consequently, can

design general health policy.

e Atrticle has been submitted to Australian Dental Journal (see Appendix)

86



4.4.1. Statement of Authorship

Statement of Authorship

Titha of Paper

Assessing Food Infake as a Mediator between Oral tMnsm& leeth and OHIP) and Gensral
Heallh

Publication Status

T Published [ Accepted for Publication

Unipublished and Unsubmitted work written in

¥ Submitted for Fublication rtREETRE Bk

Fublication Datails

Islam 5, Brennan 0S5, Roberts-Thomson K. Assesaing Food Intake &5 8 Mediator betwean i

Cral (Missing teath and OHIF) and General Heallh, [Australian Dental Journal] Submitted 8
May 2018

Principal Author

Marme of Principal Author (Candidate)

Salmea Islam

Confribulion to the Paper

Cr=signed the analytic plan and objective for the paper. Performed lileratune search, planned
ovesall analysis, performed analysis and interpreted the findings. Wrate the manuscript,

Owverall percentage [T)

a0%

Certificalion Thia paper reparie on onginal resesrch | conducted duning the peried of my Higher Dagres by
Research candidature and is not subject to any cbiigations or conlractual agreemeants with a
\hirdl party that would constraln its inclusion in this thesis. | am the primary author of this
PEPET.

Signature | Diate I 11 May 2018

Co-Author Contributions

By signing the Statement of Authorship, esch author certifies that:
i, {he candidale's stated contribution to the publication is accurate (ss detailed above);
i, permission is granted for the candidate in include the publication in the theeis; and
il the surn of all co-author contributions s equal to 100% less the candidate's stabed contribution.

Narne of Co-Aulhor

Cravid 5 Brannan

Contriadion Lo the Paper

Supervised the development and progress of the study. Contributed to the study design, and
ovarall analysis strategy. Provided intellectual conlent and revised the manuseript

Signature J [rale | 11 miay 2018
Mame of Co-Author Kaya Roberts-Thomsan

Contrivution te the Paper Supervised the developrment of the study and revised the manuacript.

Signetura Date | 11 May 20148

Please aut and paste addifional co-suthor panals hare as requined.

87




4.4.2. Submitted article

The article presented on pp 89-126 shows the mediation effects of food consumption in
relation between oral health (missing teeth and OHIP score) and self-rated general health
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Abstract

Background: Evaluate the association of oral health with general health and test whether
food intake mediates the relationship. Method: Data were collected in 2004—06 from a
sample of adults from New South Wales and Queensland, using a computer-assisted
telephone interview (CAT]I), oral examination, and completion of a mailed questionnaire
and a food frequency questionnaire (FFQ). Self-rated general health was the outcome
variable, while the Oral Health Impact Profile (OHIP) score and missing teeth were
explanatory variables, with food groups (dairy, bread-cereal, meat-fish-eggs, sweet foods-
snacks, mixed vegetables, vegetables and fruits) as mediators. Baron and Kenny’s (1986)
mediation analysis was initially performed, followed by Sobel’s (1982) test. Lastly,
bootstrapping for standard errors and structural equation modelling (SEM) were
conducted. Result: A total of 1,129 persons responded (92.7% response rate), with 62.6%
aged 45+ years. Worse oral health was associated with worse general health (for OHIP
score and missing teeth, f=-0.027 and -0.01, respectively; p<0.001). The Baron and
Kenny and Sobel tests showed the associations were partially mediated by food intake
(Sobel test: for all mediators p<0.001). For both explanatory variables, bootstrap results
were indicative of no mediation. The SEM analysis showed p=0.04 for mixed vegetables
and for the explanatory variable OHIP score, but variance accounted for (VAF) =1.8%,
indicating no mediation. Conclusion: Worse oral health predicts worse general health, but
this association was not mediated by food consumption
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Assessing Food Intake as a Mediator between Oral (Missing teeth and OHIP) and
General Health

1. Introduction

‘Oral health’— the health of the teeth and mouth — is an important determinant of nutritional
intake and thus part of overall health. Both oral health and general health are closely
related. Therefore, maintaining good oral health can contribute to better general health and
thus improve the quality of life (QoL).! On the other hand, lack of oral hygiene, missing

teeth and tooth loss can have a negative influence on people’s quality of life.

The impact of oral health conditions on general health has been established in many
studies.?® However, quantifying the relationship between oral health and general health,
the remaining number of teeth or tooth loss have been mostly used as measures of oral
health.>® According to the literature, tooth loss in adults can increase the risk of
cardiovascular diseases and gastrointestinal disorders®° in later life. Tooth loss can also
increase the risk of electrocardiographic abnormalities, hypertension, heart failure,
ischaemic heart disease, stroke and aortic valve sclerosis'**3, and even increase the risk of
chronic kidney disease.** Adults with higher levels of tooth loss can have decreased daily

function, physical activity and physical domains of their health-related quality of life.2®

The Oral Health Impact Profile (OHIP-14) is one of the most widely used instruments for
measuring the oral health-related quality of life amongst adults.'® As previously discussed,
the number of teeth remaining or the number of missing teeth have mostly been used to
assess oral health, but today the level of tooth loss is declining!’ as adults are retaining
their natural dentition.'® As a result, the number of teeth present in the mouth may give an
overestimation of masticatory potential for any given person as this number does not take
into account the functional arrangement of the teeth.!® Therefore, parallel to the number of
missing teeth, the OHIP-14 score has been introduced as a measure of oral health to

capture the impact of oral health problems.

Oral health and nutrition status are associated in various ways. Tooth loss, poorly fitted
dentures and poor gingival health eventually alter food intake and increase the risk of the
negative effects of nutrition status for older people.>?%?! Decreased chewing ability has
been found to affect eating habits?>2® and result in individuals being less likely to meet the

recommendations for the consumption of vegetables, dark green vegetables, orange
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vegetables and legumes and more likely to consume calories from solid fats, alcohol and
added sugar.?’ The oral health-related impact has a negative association with chewing
ability!8, which causes an alteration in food choice.'®?728, On the other hand, sugar-
sweetened beverages are dietary sources of sugar that are factors in caries development and

leading to tooth loss ">

General health, the functional ability of an individual, is dependent on nutrition intake.
Some reports?>3° state that poor dietary habits in older age increase the rate of developing
chronic health problems. Other studies have found that lower intake of protein, fruit,
vegetables, fibre and omega-3 fatty acids and higher intake of carbohydrate and food
groups characterised by salty snacks, sweet foods and high Glycaemic Index (Gl) foods
affect physical activity patterns and the development of chronic health diseases.*® On the
other hand, a diet with less fat, saturated fat and cholesterol, and more carbohydrate, fibre,
vitamins (especially folate, vitamins C and E, and B-carotenes) and minerals (iron and
zinc) may be advisable not only to improve the general health of the elderly but also to
improve their cognitive function.®! That is, the improvement of eating habits was found to

be associated with an improvement of the quality of life and maintenance of health.3>34

The concept of the relationship between oral health and general health has become an
integral part of health research and they have been shown to be substantially connected.
This has also raised the vital question of how different kinds of food consumption affect
this relationship. Therefore, the purpose of this study is to explore the potential association
between oral health status (number of missing teeth and OHIP score) and general health

and to test whether the intake of different food groups mediates the relationship for adults.

Mediation analysis explores the role of intervening variables (mediators) in an observed
relationship between an exposure variable and an outcome variable, rather than
hypothesising only a direct relationship between the independent variable and the
dependent variable. A mediational model (also called a ‘mediation model’) hypothesises
that the exposure variable affects the mediator variable which, in turn, affects the outcome
variable.® The impact of mediation analysis in this current study extends the previous
research as it explicitly measures the mediation effect to provide a complete assessment of

the relationship between oral health and general health.

In practice, dental professionals and health professionals seek to improve the health of their

patients. Explaining this relationship might be helpful to nutritionists in developing dietary
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guidelines which would assist health professionals to design oral health policy and,

consequently, general health policy.
2. Method

2.1. Participants and data collection

Data for this study were derived from the 2004—2006 Australian National Survey of Adult
Oral Health (NSAOH).% Study participants were selected at random using a multistage,
stratified clustered sample selection procedure with a sampling frame compiled from listed
telephone numbers in the Electronic White Pages (EWP) database.*® Information was
collected by a computer-assisted telephone interview (CATI) followed by an oral
epidemiological examination, and completion of a mailed questionnaire and then a food
frequency questionnaire (FFQ). An initial letter explaining the purpose of the survey was
mailed to participants selected from sampled telephone numbers, approximately 10 days
prior to dialling them. The telephone interview collected information on socio-
demographic characteristics and on several health-related factors including smoking status.
People who reported they were dentate were invited to participate in an oral
epidemiological examination. Following the epidemiological examination, a questionnaire
was mailed to all examined people containing information such as psycho-social variables.
The subsequent FFQ collected data on the consumption of specific food items that
included nine types of dairy, nine types of bread and cereal, 21 types of meat, fish and
eggs, 15 types of sweet foods and snacks, four types of mixed vegetables, 25 types of
vegetables and eight types of fruits, based on the items used in the National Nutrition
Survey.®” The food groups reflect the dietary guidelines for Australian and the
Recommended Dietary Intake for use in Australia reviewed by the National Health and
Medical Research Council (NHMRC) ¥'.

Tooth loss is age related and increases with age®®*° as does the risk of chronic conditions.*°
As chronic health problems take time to develop and may not be noticeable among those of
younger ages, we considered older adults aged 45 years and above as participants in this
study. The details of participation in the study, together with descriptive findings, have

been reported elsewhere.®
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2.2. Study variables

Self-ratings of health were assessed using single-item global ratings measured on 5-point
Likert scales*t, which included the question “how would you rate your general health?”
Conceptually, this is considered as a general health perception in Wilson and Cleary’s
model.*? The responses comprised the ordinal categories of ‘poor’, “fair’, ‘good’, ‘very

good’ and ‘excellent’.

The explanatory variable “number of missing teeth” was derived from the variable
“number of teeth present”, calculated from adding two variables “number of remaining
teeth in your upper jaw” and “number of remaining teeth in your lower jaw”, collected

during the computer-assisted telephone interview (CATI).

The OHIP-14 was the instrument used to measure the impact of oral health on the quality
of life.**. The explanatory variable “OHIP score” was derived from the mailed
questionnaire. The questionnaire comprised 14 questions, corresponding to seven
dimensions: functional limitation, pain, psychological discomfort, physical disability,
psychological disability, social disability and handicap. Five answers were possible for
each question, using the Likert-type scale: ‘never’, ‘hardly ever’, ‘occasionally’, “fairly

often’ and ‘very often’.®

The severity of the impact of oral health could be calculated by the sum of ordinal
responses where ‘never’ is coded as 0, ‘hardly ever ‘as 1, ‘occasionally’ as 2, ‘fairly often’
as 3 and ‘very often’ as 4.This meant that a participant could have an OHIP-14 severity
ranging from 0-56.%3 Higher OHIP-14 scores indicated the greater impact of dental

problems.*

Seven groups of food items (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks,
mixed vegetables, vegetables and fruits) from the FFQ were considered as mediators. For
each of the food items, the average consumption frequency was recorded for the previous
12 months. The data for these items were collected on a 9-point scale ranging from ‘never,

or less than once a month’ to ‘6+ times per day’.

Age, gender, tooth-brushing habits, diabetes, alcohol consumption and social support were
the control variables. Control variables were selected initially from the review of the

literature on the associations between the number of missing teeth and nutrition, nutrition
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and self-rated general health, and the number of missing teeth and self-rated general health.

The critical level of p<0.20* was then used to select the control variables in this study.
Age, tooth-brushing habits and alcohol consumption were used as continuous variables
with ranges from 45-90 years, average number of tooth-brushing times per day, and the
average number of standard alcohol drinks per day. Social support was also used as a
continuous variable with values ranging from 12-60, using the Multidimensional Scale of
Perceived Social Support Assessment, a 12-item scale of perceived social support from
family and friends.*® Respondents provided answers to items on a 5-point Likert-type scale
(‘strongly disagree’ to ‘strongly agree’), scored from 1-5. The total was the sum of all

12 items, with a possible range for the total of 5-60. Gender was dichotomised between
male and female, and diabetes status was coded based on whether or not a doctor had told
the respondent that they had diabetes.

2.3.  Statistical analyses

Initially, the study assessed the variable distribution using the Kolmogorov—Smirnov test,
and we then checked kurtosis and skewness.

Multivariate regression analyses were then used in three stages. First, we assessed the
effect of missing teeth status and Oral Health Impact Profile (OHIP-14) score in relation to
the consumption of different types of food. We then assessed the relationship between the
consumption of different types of food and general health. Lastly, the association of the
number of missing teeth and the OHIP score with general health was tested.

The hypothesis that oral health (number of missing teeth and OHIP-14 score) is related to
general health (self-rated general health [SRGH]) through the consumption of food (seven
different types of food groups) was tested in the mediation analysis, according to Baron
and Kenny’s (1986) recommendations.*’ The analyses were performed as follows: first, we
checked in the regression analysis if a direct effect (path c¢) between the independent
variable (number of missing teeth or OHIP score) and the dependent variable (self-rated
general health [SRGH]) was significant (see Fig. 1). Second, we checked if the
independent variable predicted the proposed mediator (M) (path a). Third, the mediator
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was used as a predictor of the dependent variable (Y) (path b). Lastly, if non-zero
relationships existed between paths a, b and c, then we checked the association of the
independent variable to the dependent variable after controlling for the mediators (path ¢").

Full mediation exists when the effect of the independent variable on the dependent variable
is no longer significant after including the mediator in the model. Partial mediation occurs
when the relationship between the independent variable and the dependent variable is
significantly reduced but still significant when the mediator is included in the model. If
Baron and Kenny’s (1986) method for mediation analysis did not provide the significance
level of mediation, to test this, Sobel’s (1982) test was performed to test for an indirect
effect using Winnifred’s Mediation Program (WIMP), which is based on Kris Preacher’s

website <http://www.unc.edu/~preacher/sobel/sobel.htm>.

A non-parametric resampling procedure, bootstrapping, was also conducted to test for
mediation, with this procedure not imposing the assumption of the normality of the
sampling distribution. The bootstrapping for standard errors procedure with

2000 resampling iterations was conducted using Mediation Macro for SPSS by Preacher
and Hayes (2008).8 Lastly, structural equation modelling (SEM) for mediation analysis
was conducted using AMOS graphics, in which all three paths (paths a, b and ¢ from

Fig. 1) were fit at the same time in a single model. The significance of the path coefficient
was tested and compared in magnitude. If the indirect path was not significant, no
mediation existed; if it was significant, we calculated the variance accounted for (VAF).
According to Hair et al. (2014), a VAF value of greater than 80% is full mediation, a value
20%—-80% is partial mediation and a value less than 20%, although the indirect effect is
significant, means no mediation exists.*® All analyses was performed using SPSS

version 24.0.
3. Result

3.1. Response

In the NSAOH, a total of 14,123 adults responded to the CATI (49% response rate), and
5,505 were examined (44% of the interviewed people invited to the examination). In the
nutrition sub-study, a total of 1,218 persons were approached in NSW and Queensland,

with 1,129 responding (92.7% response rate). Among them, 752 respondents to the
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nutrition sub-study were aged 45 years and over and these respondents comprised the

analytic sample for the study reported in this paper.

3.2.  Sampling distribution

The Kolmogorov—Smirnov test indicated that several variables deviated from normal
distributions (p<0.05). However, the skewness and kurtosis were between -1 to 1 and -3 to
3 (Table 1). It was also found from graphical presentation that, for all continuous variables,
the histograms approximated the shape of a normal curve. The means, standard deviations
(SDs) and correlations of the main study variables are shown in Table 1.

3.3.  Relationship between missing teeth, food groups and self-rated general health

Multivariate linear regression showed that adults with more missing teeth rated their
general health worse. Adults with more missing teeth consumed less of any kind of food
items from dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,
vegetables or fruits. Again, those adults who consumed more dairy, bread-cereal, meat-
fish-eggs and sweet foods-snacks rated their general health as poor. Furthermore, those
who consumed more vegetables, fruits and mixed vegetables rated their general health

higher.

3.4. Relationship between OHIP Score, food groups and self-rated general health

In exploring the relationship between oral health-related impact and general health (using
multivariate linear regression), adults with a higher OHIP score (i.e., greater impact of
dental problems) also rated their general health worse. Adults with a higher OHIP score
also consumed more dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks and mixed
vegetables and consumed fewer vegetables and fruits. Lastly, those adults who consumed
more dairy, bread-cereal, meat-fish-eggs and sweet foods-snacks rated their general health
as poor. Those adults who consumed more vegetables, fruits and mixed vegetables rated

their general health higher.

Therefore, adults with greater impact from dental problems consumed more dairy, bread-

cereal, meat-fish-eggs and sweet foods-snacks and also rated their general health as worse.
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3.5. Mediation analysis

From Baron and Kenny’s (1986) mediation analysis (Table 2), we see that model a shows
a significant (p<0.001) relationship between the number of missing teeth and all kinds of
food groups. For model b, all food groups were significantly (p<0.001) associated with
self-rated general health (SRGH). For model c, the number of missing teeth was
significantly (p<0.001) associated with self-rated general health (SRGH). In model ¢, we
saw that, after introducing food groups, the number of missing teeth and consumption of
all food groups significantly (p<0.001) predicted self-rated general health (SRGH). Sobel’s
(1982) test reported that the association between the number of missing teeth and SRGH
was partially mediated by the consumption of dairy, bread-cereal, meat-fish-eggs, sweet
foods-snacks, vegetables and fruits (p<0.001) but was not mediated by the consumption of
mixed vegetables (p=0.48).

For mediation analysis in the relationship between the Oral Health Impact Profile (OHIP)
score and general health, from Baron and Kenny’s (1986) mediation analysis, the study
found that model a showed a significant (p<0.001) relationship between the OHIP score
and consumption of all kinds of food groups. For model b, the consumption of all food
groups was significantly (p<0.001) associated with self-rated general health (SRGH). For
model c, the OHIP score was significantly (p<0.001) associated with self-rated general
health (SRGH). In model ¢’, after introducing food groups, the OHIP score and the
consumption of all food groups significantly (p<0.001) predicted self-rated general health
(SRGH). Sobel’s (1982) test ascertained that the association between the OHIP score and
SRGH was partially mediated by the consumption of dairy, bread-cereal, meat-fish-eggs,

sweet foods-snacks, mixed vegetables, vegetables and fruits (p<0.001).

From the bootstrapping test for standard errors, the study found that the bias correction
confidence intervals (CIs) for all food groups included “0”; that is, they indicated that the

indirect effect was not significant with no mediation established.

From the SEM analysis, the study found no significant indirect effect for any mediators
(food items from the food groups) in the relationship between the number of missing teeth
and general health. This, therefore, indicated that the association between the number of
missing teeth and general health was not mediated by consumption of any food item from
the following food groups: dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed
vegetables, vegetables and fruits.
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A significant indirect association was also found for the mediator ‘mixed vegetables’ in the
relationship between the OHIP score and general health. This, therefore, indicated that the
association between the OHIP score and SRGH was partially mediated by mixed
vegetables. The VAF was found to be 1.8% which was below the recommended level,

therefore, although the indirect effect was significant, mediation effect was found.

4. Discussion

The current study shows a negative correlation between SRGH and oral health status
(number of missing teeth and OHIP-14 score). These findings support previous studies
which reported that the number of missing teeth was positively correlated to poorer general
health status®® and that OHIP-14 scores were negatively correlated with self-assessment of
overall health.®5! The number of missing teeth was negatively correlated with the
consumption of any food item from these food groups: dairy, bread-cereal, meat-fish-eggs,
sweet foods-snacks, mixed vegetables, vegetables or fruits. Similar results were also found
in some other studies. Some older studies found that people with fewer teeth reported a
lower intake of root vegetables and other vegetables®>° and that those who lost five or
more teeth in the previous four years had decreased their intake of vegetables, apples and
pears.>? A more recent study observed that lower consumption of fruits, vegetables and
mixed vegetables was more prevalent among those with fewer teeth.>* Another study
reported that the number of food items that an individual was able to eat was significantly
correlated with the number of present teeth, with more missing teeth leading to more
limited choice of foods and consequent reduction of the intake of fruits, vegetables and
fibres.> The impact of oral health was positively correlated with the consumption of dairy
products, bread-cereal, meat-fish-eggs, sweet foods-snacks and mixed vegetables but was
negatively correlated with the consumption of vegetables and fruits. In the systematic
review Gaewkhiew et al., (2007) indicated there is a weak evidence that tooth loss affect
dietary intake and nutritional status, but Bomfim et al., (2017) made a conclusion that tooth
loss had a significant and strong effect on animal protein intake and a medium effect on all

kind of protein intake as a group.

In the final result from the SEM method of mediation analysis between the number of
missing teeth and general health with different types of food items (dairy, bread-cereal,
meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits) as the
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mediators, the direct effect both with and without mediators was significant, but none of
the indirect effects were significant. Therefore, the effect of the number of missing teeth on
SRGH was not mediated by the consumption of any food item from the food groups: dairy,
bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables or fruits.
That is, consumption of these food items (dairy, bread-cereal, meat-fish-eggs, sweet foods-
snacks, mixed vegetables, vegetables and fruits) had no effect on the relationship between
the number of missing teeth and general health. It should be noted that if any mediation
was present, there would be some significant indirect effect (i.e., some effect would be

transmitted through the mediator variables).

Again, in the mediation analyses between the OHIP score and general health with different
mediators from the type of food items (dairy, bread-cereal, meat-fish-eggs, sweet foods-
snacks, mixed vegetables, vegetables and fruits), the direct effect both with and without
mediators was significant, but none of the indirect effects were significant except for the
mediator of mixed vegetables. The effect of the impact of oral health on general health was
1.8%, with this explained through the consumption of mixed vegetables which was found
by the variation accounted for (VAF). According to Hair et al. (2014), a VAF value less
than 20% means there is no mediation.*® Therefore, we can conclude that the effect of the
oral health impact on SRGH was not mediated by the consumption of any item from the
food groups: dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,

vegetables or fruits.

To discover the effect of mediation, a range of different approaches was tested in this
study. Initially, the most classical approach of Baron and Kenny (1986) was conducted.
The main criticism of this method is that mediation may be present even without finding
any statistical significance of the dependent and independent variables.® Also, in Baron
and Kenny’s (1986) approach, if the relationship remains significant after inclusion of the
mediator, mediation may be partial or absent but this is not specified. To identify
appropriate specifications of mediation, Sobel’s 1982) test measures whether an
intermediation effect is significant.® The problem with Sobel’s test is its dependence on
distribution assumptions, which may affect the estimation of true p-values in smaller
sample sizes. To address this problem, researchers®’*8 have suggested using bootstrapping
for standard errors which seems to have greater power in a small sample. In modern
mediation analysis, SEM is one of the prominent methods that can fulfil the requirements

when mediation analysis is found to be necessary.*® Structural equation modelling (SEM)
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uses a conceptual model, a path diagram and a system of linked equations to capture
complex and dynamic relationships within a web of observed and unobserved variables. It
also provides a more appropriate inference framework for mediation analysis in a single

analysis. Therefore, we focused on the result of the SEM mediation model in this study.

For the goodness of fit, the Comparative Fit Index (CFI) values have been reported.
Ideally, for a model that fits the data, the CF1 value would be close to 0.95 or higher.®
Values for y? or root mean square error of approximation (RMSEA) have not been reported
as y2 is sensitive to a large sample size (n>250) for which it almost always indicates a poor
fit®?, and the RMSEA worsens as the number of variables in the model increase.®%°3
Overall, in view of power and robustness, Hu and Bentler (1998) have demonstrated the
CFTI’s strong performance.®® The coefficient of determination (R?) value for each model in
this study was not strong, but these R? values were for the overall model, and we were
interested in the effect of the mediators in our predictive model. The evaluation of
goodness of fit using R? is somewhat subjective, and R? has no fixed guidelines.®!. The
effect size (f 2) of the mediators (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks,
mixed vegetables, vegetables and fruits) in the relationships between the number of
missing teeth and SRGH and between the OHIP score and SRGH are small.

The strength of this study is its large and representative sample derived from the Australian
National Survey of Adult Oral Health (NSAOH). We have also used both classical and
modern methods to more comprehensively analyse mediation. Very few studies®® have
been performed to examine the role of food intake as a mediator in the relationship
between oral health and general health. These studies have only reviewed the literature in
relation to oral conditions with nutrition or have linked various nutrition variables and
systemic disease; however, relatively little work has been done on the hypothesised

mediation model.

One limitation of the current study is its cross-sectional design, which makes it impossible
to draw causal relationships between oral health status (number of missing teeth and OHIP
score), the consumption of different kinds of food groups and general health. While
consideration of cause is an important aspect of mediation, our aim was not to investigate
the causal relationship. Instead, we have focused on establishing whether mediation is
supported in terms of statistical associations. An additional limitation of this study is that
we have conducted individual models for each mediator, which may violate the overall

assessment of direct and indirect effects; however, according to our interests, we can
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consider the mediators one at a time if the mediators do not affect one another.  In this
study, we have been interested in testing the effect of each individual food group as a
mediator. However, the next step for further research could focus on multiple mediators in

the modelling process, considering the suggestion of Vansteelandt and Daniel (2017).57

Overall, the study’s findings suggest that oral health and general health are related in this
adult age group. Maintaining or taking care of teeth to retain teeth in healthy condition or
to avoid any required extraction is important in maintaining better general health in adults.
Taking care of teeth will flow through to lower the impact of the OHIP score which will
consequently help to maintain a healthy life. Adults with more missing teeth and a high
OHIP score have an association with lower consumption of vegetables and fruits, so it is
recommended that they increase their consumption of mixed vegetables, vegetables and

fruits to maintain better general health.

The study’s findings reinforce the importance of health professionals considering dietary

guidelines in designing oral health policy and, consequently, general health policy.
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Food Group

e Dairy
¢ OHIP a | e Bread cereal b Self-rated
* Number of » ¢ Meat_fish_eggs —
missing teeth e Sweet foods snacks general health
e Mixed vegetables

e Vegetables
Fruits

a= association between oral health and nutrition status (food groups)

b= association between nutrition status (food groups) and general health

c= association between general health and oral health

¢ = association between general health and oral health after control for nutrition status (food groups)
<+ Controlled for age, gender, tooth brushing-habit, diabetes, alcohol-consumption and social support

Figure 1: Conceptual model for mediation analysis
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Table 1: Means (SDs), skewness, kurtosis and correlations among main study variables

Variable Rang | Mean (SD) | Skewnes | Kurtosis Correlation coefficient

¢ S 1 2 3
1.Self-rated general health 1-5 3.6 (0.9) -0.36 -0.23 - - -
2.0HIP Score 0-51 7.3(7.9) 1.80 2.89 | -0.229* - -
3. No. of missing teeth 0-28 7.7 (6.9) 1.20 0.61 | -0.127* - -
Dairy 0-51 | 25.6(6.4) -0.33 1.26 | -0.028* | 0.077* | -0.084*
Bread-cereal 0-45| 25.6(5.5) -0.49 2.63 | -0.069* | 0.008* | -0.095*
Meat-fish-eggs 0-72 | 42.4(8.6) -0.22 2.23 | -0.110* | 0.059* | -0.082*
Sweet foods-snacks 0-64 | 325(8.4) 0.12 0.61 | -0.045* | 0.070* | -0.027*
Mixed vegetables 1-15 | 12.4(3.8) -0.15 0.76 | 0.032* | 0.022* | -0.069*
Vegetables 1-107 | 61.9 (12.1) -0.41 2.23 | 0.032* | -0.023* | -0.071*
Fruits 1-64 | 28.4(8.5) 0.19 0.71 | 0.025* | -0.044* | -0.043*

*Correlation is significant at the 0.01 level (2-tailed); SD=standard deviation
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Table 2: Regression analysis and multiple mediator model

Independent Mediator Depende | Path B Sobel Z | p-value | Degree of
variable (X) (M) nt mediation
Variables
No. of Missing teeth | - SRGH c -0.010*
No. of Missing teeth | Dairy - a -0.092* 17.83 <0.001 | Partial
- Dairy SRGH b -0.003*
No. of Missing teeth | (Dairy) SRGH c’ -0.011*
No. of Missing teeth | Bread-cereal - a -0.080* 50.71 <0.001 | Partial
- Bread-cereal SRGH b -0.012*
No. of Missing teeth | (Bread-cereal) SRGH c’ -0.011*
No. of Missing teeth | Meat-fish-eggs - a -0.086* 38.81 <0.001 | Partial
- Meat-fish-eggs SRGH b -0.011*
No. of Missing teeth | (Meat-fish-eggs) SRGH c’ -0.011*
No. of Missing teeth | Sweet foods-snacks - a -0.028* 25.16 <0.001 | Partial
- Sweet foods-snacks SRGH b -0.007*
No. of Missing teeth | Sweet foods-snacks SRGH c’ -0.010*
No. of Missing teeth | Mixed vegetables - a -0.026* -0.69 0.48 No
- Mixed vegetables SRGH b 0.002* mediation
No. of Missing teeth | (Mixed vegetables) SRGH c’ -0.010*
No. of Missing teeth | Vegetables - a -0.160* -31.97 | <0.001 | Partial
- Vegetables SRGH b 0.003*
No. of Missing teeth | (Vegetables) SRGH c’ -0.010*
No. of Missing teeth | Fruits - a -0.120* -23.00 | <0.001 | Partial
- Fruits SRGH b 0.003*
No. of Missing teeth | (Fruits) SRGH c’ -0.010*
OHIP-Score - SRGH C -0.027*
OHIP-Score Dairy - a 0.055* -17.26 | <0.001 | Partial
- Dairy SRGH b -0.003*
OHIP-Score (Dairy) SRGH c’ -0.027*
OHIP-Score Bread-cereal - a 0.004* -3.99 <0.001 | Partial
- Bread-cereal SRGH b -0.012*
OHIP-Score (Bread-cereal) SRGH c’ -0.027*
OHIP-Score Meat-fish-eggs - a 0.035* -32.63 | <0.001 | Partial
- Meat-fish-eggs SRGH b -0.011*
OHIP-Score (Meat-fish-eggs) SRGH c’ -0.026*
OHIP-Score Sweet foods-shacks - a 0.089* -48.22 | <0.001 | Partial
- Sweet foods -snacks | SRGH b -0.007*
OHIP-Score Sweet foods -snacks | SRGH ¢’ -0.026*
OHIP-Score Mixed vegetables - a 0.014* 6.25 <0.001 | Partial
- Mixed vegetables SRGH b 0.002*
OHIP-Score (Mixed vegetables) SRGH c’ -0.027*
OHIP-Score Vegetables - a -0.057* -22.07 | <0.001 | Partial
- Vegetables SRGH b 0.003*
OHIP-Score (Vegetables) SRGH c’ -0.026*
OHIP-Score Fruits - a 0.013* -11.36 | <0.001 | Partial
- Fruits SRGH b 0.003*
OHIP-Score (Fruits) SRGH c’ -0.027*

*p-value<0.001
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Table 3: Mediation results from the Bootstrap method and Structural Equation Model.

Relationship Bootstrap Bias SEM Result Degree of

Correction Cl mediation

LL UL Direct Direct with Indirect

without Mediation effect
mediation

General health depends on no. -0.0004 | 0.0021 | -0.098 -0.099 0.001 No mediation
of missing teeth (M: Dairy) (p<0.001) (p<0.001) | (p=0.362)
General health depends on no. -0.0001 | 0.0032 | -0.098 -0.1 0.002 No mediation
of missing teeth (M: Bread- (p<0.001) (p<0.001) | (p=129)
cereal)
General health depends on no. 0.00 .0036 | -0.098 -0.1 .002 No mediation
of missing teeth (M: Meat-fish- (p<0.001) (p<0.001) | (p=183)
eggs)
General health depends on no. -.0009 .0011 | -0.098 -0.098 00 No mediation
of missing teeth (M: Sweet (p<0.001) (p=0.001) | (p=761)
foods-shacks)
General health depends on no. -.0004 .0011 | -0.098 -0.097 -0.001 No mediation
of missing teeth (M: Mixed (p<0.001) (p=0.001) | (p=0.286)
Vegetables)
General health depends on no. -.0015 .0004 | -0.098 -0.097 -0.001 No mediation
of missing teeth (M: (p<0.001) (p=0.001) | (p=0.634)
Vegetables)
General health depends on no. -.002 .0003 | -0.098 0.06 -0.003 No mediation
of missing teeth (M: Fruits) (p<0.001) (p=.002) (p=.121)
General health depends on -.001 .0003 | -0.213 -0.213 0.00 No mediation
OHIP-score (M: Dairy) (p<0.001) (p<0.001) | (p=0.953)
General health depends on -.0003 .0012 | -0.213 -0.212 -0.001 No mediation
OHIP-score (M: Bread-cereal) (p<0.001) (p<0.001) | (p=0.342)
General health depends on -.0013 0.0003 | -0.213 -0.212 -0.001 No mediation
OHIP-score (M: Meat-fish- (p<0.001) (p<0.001) | (p=0.443)
eggs)
General health depends on -.0015 .0002 | -0.213 -0.212 -0.001 No mediation
OHIP-score (M: Sweet foods- (p<0.001) (p<0.001) | (p=0.402)
snacks)
General health depends on -.0002 .0012 | -0.213 -0.216 0.004 Partial
OHIP-score (M: Mixed (p<0.001) (p<0.001) | (0.040) Mediation*
Vegetables)
General health depends on -.0008 .0002 | -0.213 -0.213 0.000 No mediation
OHIP-score (M: Vegetables) (p<0.001)) (p<0.001) | (p=.520)
General health depends on -.0003 .0014 | -0.213 -0.214 0.002 No mediation
OHIP-score (M: Fruits) (p<0.001) (P<0.001) | (0.445)

*V AF=indirect effect/total effect*100=1.8; No mediation.

Explanatory variable: No. of missing teeth

For mediator dairy: CF1=0.999; R?=0.082; f2= 0.002
For mediator bread-cereal: CF1=0.998; R2=0.083; f2=0.003
For mediator meat-fish-eggs: CFI=0.998; R?=0.083; 2=0.003

For mediator sweet foods-snacks: CFI1=0.984; R2=0.083; f2=0.003
For mediator mixed vegetables: CFI1=0.999; R2=0.083; f2=0.003

For mediator vegetables: CFI=0.989; R2=0.082; f2=0.002
For mediator fruits: CF1=0.997; R2= 0.085; f2=0.005

**effect size 2= R2inciuded — R%excluded! 1= RZincluded
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Explanatory variable: OHIP-score

For mediator dairy: CF1=0.995; R?=0.116; f2= 0.005
For mediator bread-cereal: CF1=0.991; R2=0.116; f2=0.005
For mediator meat-fish-eggs: CFI1=0.991; R?=0.116; 2=0.005

For mediator sweet foods-snacks: CFI1=0.994; R2=0.116; f2=0.005
For mediator mixed vegetables: CFI=0.989; R2=0.118; f2= 0.007

For mediator vegetables: CFI=0.988; R2=0.116; 2=0.005
For mediator fruits: CFI=0.995; R2=0.12; f2=0.007
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4.4.4 Appendix

Table: The table describes the food items that included in each food group

Food group

Food items

Dairy

Flavored milk, milk as a drink, milk on breakfast cereals, milk in hot
beverages, cream or sour cream, ice-cream, yoghurt, cottage or ricotta
cheese and cheddar and other cheeses

Bread-cereal

White bread or rolls, wholemeal/mixed grain bread or rolls, english
muffin, bagel or crumpet, dry or savoury biscuits and crispbread, muesli,
cooked porridge, breakfast cereal, rice (white or brown) and pasta-
noodles

Meat-fish-eggs

Meat food items, four kinds of fish item include canned fish (tuna,
salmon and sardines), cooked fish (steamed, baked and grilled), fried
fish and other seafood, and egg

Sweet-snacks

Cakes that includes muffins, scones, and pikelets, sweet pies or sweet
pastries, other puddings or desserts, plain sweet biscuits,
cream/chocolate biscuits, meat pie, sausage roll or savoury pastry, pizza,
hamburger, chocolate (including chocolate bars), other confectionary,
jam-marmalade-syrup-honey, peanut butter and other nut spreads,
vegemite, marmite and promite, nuts and potato chips, corn chips,
twisties

Mixed Green/mixed salad in a sandwich, as a side salad/with a main meal, stir-

vegetables fried or mixed vegetables and vegetable casserole

Vegetables Potato (boiled, mashed or baked), hot chips, pumpkin, sweet potato,

(including peas, green beans, silverbeet/spinach, broccoli, cauliflower, brussel

fresh, frozen sprouts/cabbage/coleslaw, carrots, zucchini/ eggplant/squash, capsicum,

and tinned) sweetcorn or corn on the cob, mushrooms, tomatoes, lettuce,
celery/cucumber, onions or leeks, soybeans or tofu, baked beans, and
other beans-lentils

Fruits Apple/pear, orange/mandarin/grapefruit, banana, stone fruits (peach,

nectarine, plum, apricot), mango or paw-paw, pineapple, grapes or
berries, melon (water-, rock-, honeydew-), lemon juice and other fruit
juices or fruit drinks
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Figure Al: Structural equation model with explanatory variable ‘OHIPScore’, outcome
variable ‘Self-rated general health (G_health)’ and mediator ‘Dairy’
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Figure A2: Structural equation model with explanatory variable ‘OHIPScore’, outcome
variable ‘Self-rated general health (G_health)’ and mediator ‘Bread-cereal’
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Figure A3: Structural equation model with explanatory variable ‘OHIPScore’, outcome
variable ‘Self-rated general health (G_health)’ and mediator ‘Meat-fish-eggs’
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Figure A5: Structural equation model with explanatory variable ‘OHIPScore’, outcome
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Figure A6: Structural equation model with explanatory variable ‘OHIPScore’, outcome
variable ‘Self-rated general health (G_health)’ and mediator ‘Vegetables’
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Figure A7: Structural equation model with explanatory variable ‘OHIPScore’, outcome
variable ‘Self-rated general health (G _health)’ and mediator ‘Fruits’
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45. Research Article 3

Islam S, Brennan DS, Roberts-Thomson K. Assessing food intake as a mediator of the
association between self-rated oral health and self-rated general health. Community Dental

Health Journal. [Submitted 8 May 2018]

Highlights:

e This article assesses the mediation effects of food consumption in the relationship
between self-rated oral health and self-rated general health in Australian adults.

e Based on the research, we provide information for all health care professionals
about adult’s perceptions of their own oral health, their own general health and
their food consumption and important suggestions for dietary guidelines to design

oral health policy and; consequently general health policy.

e Atrticle has been submitted to Community Dental Health Journal (see Appendix)
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Abstract

Objective: To evaluate the association of self-rated oral health with self-rated general
health and to test whether the intake of different food groups mediates the relationship.
Method: Data were collected in 2004-06 in a sample of adults from New South Wales
(NSW) and Queensland, two states of Australia, using a computer-assisted telephone
interview (CAT]I), oral examination, and completion of a mailed questionnaire and a food
frequency questionnaire (FFQ). Self-rated general health and self-rated oral health were
used as the outcome and explanatory variables, food groups (dairy, bread-cereal, meat-fish-
eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits) were the mediators.
Baron and Kenny’s (1986) mediation analysis was initially performed, followed by Sobel’s
(1982) test. Lastly, bootstrapping for standard errors and structural equation modelling
(SEM) were conducted. Result: A total of 1,129 persons responded to the FFQ with 62.6%
aged 45+ years. Self-rated dental and self-rated general health were found to be associated
(6=0.408 with p<0.001). Self-rated dental health was also associated with food groups (for
all mediators, p<0.001). The Baron and Kenny and Sobel tests showed worse oral health
was associated with worse general health, which was partially mediated by food intake
except for bread-cereal (Sobel test: for all mediators, except bread-cereal, p<0.05).
Bootstrap results were indicative of no mediation. The SEM analysis for mediation showed
p=0.74 for dairy; p=0.55 for bread-cereal; p=0.56 for meat-fish-eggs; p=0.42 for sweet
foods-snacks; p=0.23 for mixed vegetables; p=0.52 for vegetables; and p=0.57 for fruits,
which were not statistically significant and which supported the bootstrap method result.
Conclusion: Better oral health is associated with better general health, but structural
equation modelling (SEM) indicated that this association is not mediated by food

consumption.
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Assessing food intake as a mediator of the association between self-rated oral health
and self-rated general health

1. Introduction
Oral health is one of the domains of health that can affect functioning and, hence, the
overall feeling of health (Benyamini et al., 2004). The impact of oral health on general
health is very evident in the literature. An extant literature review (Brennan & Singh, 2011;
Fabioa et al., 2013) has revealed that people with healthy teeth and gums tend to have
better general health and less sickness than people with teeth and gum disease. People
perceived their oral health status as important to their quality of life through a variety of
physical, social and psychological ways (McGrath & Bedi, 1999). Poor oral health and
dental pain impact on older adults’ general well-being and their quality of life.
Self-rated oral health is a single-item global rating of oral health that has often been used in
research (Jones et al., 2001; Locker et al., 2002; Matthias et al., 1993) as it is easy to use
and refers to a wide, multidimensional definition of oral health (Matthias et al., 1995). It is
related to clinical oral health status (Locker et al., 2005; Thomson et al., 2012; Zaitsu et al.,
2011), correlated with dentists’ rating of oral health (Atchison et al., 1993) and associated
with measures of oral functional impairment and discomfort (Atchison & Dolan, 1990),
indicating that self-rated dental health (SRDH) is a valid measure of oral health status.
Self-rating of general health is a global self-rating summary measure of people’s general
health that has been used extensively in research to measure people’s general health status
(Benyamini et al., 2004; Brennan & Singh, 2011; Krause & Jay, 1995) and has also been
found to predict future health outcomes (Benyamini et al., 2004). As a predictor, self-rated
oral health predicts concurrent and future self-rated general health (SRGH) (Benyamini et

al., 2004).
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6 Tooth loss, poorly fitted dentures and poor gingival health (Margaret et al., 2010; Renato
etal., 2008; Saarela et al., 2014) eventually alter food intake and increase the risk of
negative effects on the nutrition status of older people. Decreased chewing ability was
found to affect eating habits (Chauncey et al., 1984; Drummond et al., 1988; Hand et al.,
1991, Osterberg & Steen, 1982; Petersen & Nortov, 1989). It was also associated with less
likelihood of to meeting recommendations for the consumption of vegetables, dark green
and orange vegetables, and legumes and being more likely to consume calories from solid
fats, alcohol and added sugar (Margaret et al., 2010), and also with feeling tired or needing
help with mobility (Avlund et al., 2001). Poor self-perception of oral health is also
considered a possible risk marker for frailty syndrome, that is, unintentional weight loss,
poor endurance and energy, low physical activity, slowness and weakness (Castrejon-Pérez
et al., 2012). On the other hand, good oral health influences physical and psycho-social
health among adults in a positive way, which raises their quality of life. Oral health
influences nutritional status, physical health and social functioning in adults (Jung & Shin,
2008).

General health, the functional ability of an individual, is dependent on nutritional intake.
Some studies have stated that poor dietary habits in older age increase the rate of
developing chronic health problems (Callen & Wells, 2003; Laugero et al., 2011). Other
studies have found that a lower intake of protein, fruits, vegetables, fibre and omega-3 fatty
acids and a higher intake of carbohydrate and food groups, characterized by salty snacks,
sweet foods, and high Glycaemic Index (GI) foods along with physical activity patterns
affect the development of chronic health diseases in older age (Laugero et al., 2011). An
improvement of eating habits was associated with an improvement of the quality of life
and the maintenance of health in old age (Ferrucci et al., 2000; Hansen, 1983; Wahlqvist &

Saviage, 2000).
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According to Nishida et al., (2004), to reduce risk for cardiovascular health a diet should
provide very low (<1% of daily energy intake) intake of trans fatty acids, adequate intake
(6-10% of daily energy intake) of Polyunsaturated fatty acids and lowering intake for
sodium chloride (less than 5g/d). The joint consultation report of WHO/FAO (2003) states
that adequate intake of non-starch polysaccharides fibre such as whole-grain cereals and
legumes (> 20 g/d) and fruits and vegetables (>400g/d) have potential health benefits in
preventing obesity, diabetes, cardiovascular disease and various cancers. The restriction of
free sugar intake (< 10% of total energy) also contribute to reducing the risk of unhealthy

weight gain (Nishida et al., 2004).

The systematic review and meta-analysis by Hosseini et al (2018) explain that a diet high
in fruit and vegetables may lead to reduction in inflammation, (where inflammation is one

of the major cause of a range of chronic diseases) and enhanced immune cell profile.

While the impact of oral health on general health is well established, oral health and
nutritional status are also associated in various ways, with the relationship between
nutritional status and general health documented in the literature. Therefore, the research
on the impact of oral health on general health can be extended by testing the hypothesis
that food consumption may mediate the relationship between them.

Mediation analysis explores the role of intervening variables (mediators) in an observed
relationship between an exposure variable and an outcome variable, rather than
hypothesising only a direct relationship between the independent variable and the
dependent variable. A mediational model (also called a ‘mediation model”) hypothesises
that the exposure variable affects the mediator variable which, in turn, affects the outcome
variable (Valeri et al., 2014).

Therefore, the purpose of this study to investigate the potential association of self-rated

oral health and self-rated general health (SRGH) and to test whether the intake of different
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food groups mediates this association for adults. We believe that elucidating this
relationship might be helpful knowledge in relation to the perceptions of adults about their
oral health and general health, leading to the selection of appropriate food to maintain their
healthy lives.

2. Method

2.1.  Participants and data collection

Data for this study were derived from the 2004—2006 Australian National Survey of Adult
Oral Health (NSAOH) (Slade et al., 2007). Study participants were selected at random
using a multistage, stratified clustered sample selection procedure with a sampling frame
compiled from listed telephone numbers in the Electronic White Pages (EWP) database
(Slade et al., 2007). Information was collected by a computer-assisted telephone interview
(CATI) followed by an oral epidemiological examination, and completion of a mailed
questionnaire, and then a food frequency questionnaire (FFQ). An initial letter explaining
the purpose of the survey was mailed to the selected participants, approximately 10 days
prior to dialling them. The telephone interview collected information on socio-
demographic characteristics and on several health-related factors. Participants who
reported they were dentate were invited to participate in an oral epidemiological
examination. Following the epidemiological examination, a questionnaire was mailed to all
examined people containing information such as psycho-social variables. The subsequent
FFQ collected data on the consumption of specific food items that included nine types of
dairy; nine types of bread and cereal; 21 types of meat, fish and eggs; 15 types of sweet
foods and snacks; four types of mixed vegetables; 25 types of vegetables; and eight types
of fruits based on the items used in the National Nutrition Survey (ABS, 1998). Both self-
rated oral health and self-rated general health (SRGH) are related to quality of life,

especially in old age (Benyamini et al., 2004). As the risk of chronic conditions increases
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with age (Griffin et al., 2012) and may not be noticeable among those of younger ages, we
considered adults aged 45 years or over as participants in this study. The details of
participation in the study, together with descriptive findings, have been reported elsewhere

(Slade et al., 2007).

2.2.  Study variables

The outcome variable was self-rated general health (SRGH). Self-ratings of health were
assessed using single-item global ratings measured on 5-point Likert scales (Krause & Jay,
1995), which included the question “how would you rate your general health?”
Conceptually, this is considered as a general health perception in Wilson and Cleary’s
model (Baker et al., 2008). The responses comprised the ordinal categories of ‘poor’, ‘fair’,
‘good’, ‘very good’ and ‘excellent’.

The explanatory variable “self-rated oral health”, a single-item global rating of oral health
that has often been used in research (Jones et al., 2001; Locker et al., 2002; Matthias et al.,
1993), was based on those used in previous population oral health surveys conducted by
the Australian Research Centre for Population Oral Health (Carter & Stewart, 1999, 2002;
Carter et al., 1994). It was assessed by the question “how would you rate your own dental
health?”, with responses that comprised the ordinal categories of ‘poor’, ‘fair’, ‘good’,
‘very good’ and ‘excellent’.

Seven types of food items (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed
vegetables, vegetables and fruits) from the subsequent FFQ based on the National
Nutrition Survey (ABS, 1998) were considered as mediators. For each food item, the
annual consumption frequency was recorded for the previous 12 months. The data on these
items were collected on a 9-point scale ranging from ‘never, or less than once a month’ to

‘6+ times per day’.
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Age, gender, tooth-brushing habits, diabetes, alcohol consumption and social support were
the control variables. Control variables were selected initially from the review of the
literature on the associations between oral health and nutrition, nutrition and general
health, and oral health and general health. The critical level of p<0.20 (Del Duca et al.,
2013) was then used to select the control variables in this study.

Age, tooth-brushing habits and alcohol consumption were used as continuous variables
with ranges from 45-90 years, the average number of tooth-brushing times per day, and the
average number of standard alcohol drinks per day, respectively. Social support was also
used as a continuous variable with a score range of 12-60, using the Multidimensional
Scale of Perceived Social Support Assessment, a 12-item scale of perceived social support
from family and friends (Zimet et al., 1988). Respondents answered items on a 5-point
Likert-type scale (‘strongly disagree’ to ‘strongly agree’), scored 1-5. The total is the sum
of all 12 items, with the possible range for the total being 12-60. Gender was dichotomised
between male and female, and diabetic status was coded based on whether or not a doctor

had told respondents that they had diabetes.

2.3.  Statistical analyses

Initially, the variable distribution was assessed using the Kolmogorov—Smirnov test, with
kurtosis and skewness also checked.

Multivariate regression analyses were then used in three stages: first, the relationship of
self-rated oral health to the consumption of different types of food; then the effect of the
consumption of different types of food on general health; and, lastly, the association of oral
health with general health.

The hypothesis that self-rated oral health is related to self-rated general health (SRGH)
through consumption of food intake (seven different types of food groups) was tested,

according to Baron and Kenny’s (1986) recommendations. The analyses were performed
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as follows: first, the regression analysis was checked to see if a direct effect (path c)
between the independent variable (self-rated oral health) and the dependent variable (self-
rated general health [SRGH]) was significant (see Fig. 1). Second, the independent
variable was checked to see if it predicted the proposed mediator (M) (path a). Third, the
mediator was used as a predictor of the dependent variable (Y) (path b). Lastly, if non-zero
relationships existed between paths a, b and c, then the association of the independent
variable to the dependent variable existed after controlling for mediators (path ¢).

Full mediation exists when the effect of the independent variable on the dependent variable
is no longer significant after including the mediator in the model. Partial mediation occurs
when the relationship between independent and dependent variables is significantly
reduced, but still significant when the mediator is included in the model. In order to test the
significance of the mediation, Sobel’s (1982) test was performed for an indirect effect
using Winnifred’s Mediation Program (WIMP), which is based on Kris Preacher’s website,
<http://www.unc.edu/~preacher/sobel/sobel.htm>.

A non-parametric resampling procedure, bootstrapping for standard errors, was also
conducted for testing mediation, with this not imposing the assumption of the normality of
the sampling distribution. The bootstrapping for standard errors with 2000 resampling
iterations was conducted using Mediation Macro for SPSS by Preacher and Hayes (2008).
Lastly, structural equation modelling (SEM) for mediation analysis was conducted using
AMOS graphics, in which all three paths (paths a, b and ¢ from Fig. 1) were fit into a
single model. The significance of the path coefficient was tested and compared in

magnitude. All analyses was performed using the SPSS package (version 24.0).
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3. Results
3.1. Response

In the NSAOH, a total of 14,123 adults responded to the CATI (49% response rate) and
5,505 were examined (44% of the interviewed people invited to the examination). In the
nutrition sub-study, a total of 1,218 persons were approached in New South Wales and
Queensland, with 1,129 responding (92.7% response rate). Among them, 752 respondents

to the nutrition sub-study were aged 45 years and over.

3.2.  Sampling distribution

3.3.  The Kolmogorov—Smirnov test indicated that several variables deviated from
normal distributions (p<0.05). However, skewness and kurtosis were between -1 to 1 and -
3to 3 (Table 1). The means, standard deviations and correlations of the main study
variables are shown in Table 1.

3.4.  Relationship between self-rated oral health, food items and self-rated general

health

From multivariate linear regression analysis (Table 2), the study found that those who rated
their oral health higher consumed more dairy products, bread-cereal, mixed vegetables,
vegetables and fruits. Furthermore, adults with better oral health consumed fewer meat-
fish-eggs and sweet foods-snacks.

Again, those who consumed more dairy products, bread-cereal, meat-fish-eggs and sweet
foods-snacks rated their general health worse. On the other hand, adults who consumed
more mixed vegetables, vegetables and fruits rated their general health higher. Lastly,

adults with higher self-rated oral health rated their general health higher.
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Therefore, adults with better oral health consumed more mixed vegetables, vegetables and
fruits, and also less meat-fish-eggs and sweet foods-snacks, and rated their general health

higher.

3.5.  Mediation analysis

From Baron and Kenny’s (1986) mediation analysis, the study found that model a showed
a significant (p<0.001) relationship between self-rated dental health (SRDH) and the
different kinds of food groups. All food groups were significantly (p<0.001) associated
with self-rated general health (SRGH) (model b). For model c, self-rated oral health was
significantly (p<0.001) associated with self-rated general health (SRGH). After inclusion
of food groups (model ¢"), self-rated oral health was significantly (p<0.001) related to self-
rated general health (SRGH). Therefore, it is possible that no mediation or partial
mediation in the relationship between self-rated oral health and self-rated general health
(SRGH). The outcome of the Sobel test indicated that the association between self-rated
oral health and SRGH is partially mediated by the consumption of dairy products, meat-
fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits, but is not mediated
by bread-cereal.

From the bootstrapping test for standard errors (Table 3), implemented by Preacher and
Hayes (2008), the bias correction confidence intervals (Cls) for all food groups included
“0”; that is, the indirect effect was not significant, and no mediation was established.

From the SEM analysis, no significant indirect effect was found for any mediators (food
groups). This, therefore, indicated that the association between self-rated dental health
(SRDH) and SRGH was not mediated by consumption of any food items from the food
groups: dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,

vegetables and fruits.
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Again, from the value of the coefficient of determination (R?), self-rated oral health,
together with the consumption of dairy, explained 20.9% of the variance of self-rated
general health (SRGH). With the consumption of sweet foods-snacks and vegetables, we
also found the same R? value. In other cases, for example, consumption of meat-fish-eggs
and mixed vegetables, self-rated oral health explained 21% of the variance of self-rated
general health (SRGH). Self-rated oral health together with the consumption of fruits
explained 21.1% and bread-cereal 21.6% of the variance of self-rated general health

(SRGH).

4. Discussion

The result of this study showed that a significant positive correlation existed between self-
rated oral health and SRGH, which also supported the findings of previous studies (Kieffer
& Hoogstraten, 2008). Both self-rated oral health and SRGH had a positive correlation
with the consumption of mixed vegetables, vegetables and fruits and had a negative
correlation with the consumption of meat-fish-eggs and sweet foods-snacks.

Applying the SEM method produced the final result. Although direct effects both with and
without mediation were significant for all models, none of the indirect effects were
significant. The effect of self-rated oral health on SRGH was not mediated by the
consumption of any food item from the food groups: dairy, bread-cereal, meat-fish-eggs,
sweet foods-snacks, mixed vegetables, vegetables or fruits. That is, consumption of these
food items (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,
vegetables and fruits) had no effect on the relationship between SRDH and self-rated
general health (SRGH). It should be noted that, if any mediation occurred, some significant
indirect effect would occur (i.e., some effect would be transmitted through the mediator

variables).
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To discover the effect of mediation, several different approaches (classical and modern)
were tested in this study. Initially, the most classical approach of Baron and Kenny (1986)
was conducted. The main criticism of this method is that mediation may work out even
results find no statistical significance of the dependent and independent variables (Pardo &
Roman, 2013). In Baron and Kenny’s (1986) approach, if the relationship stays significant
after inclusion of the mediator, mediation may be partial or absent, with this not specified.
To identify proper specifications of mediation, Sobel’s (1982) test was popularised, with
this test measuring whether an intermediation effect is significant (Pardo & Romén, 2013).
The problem with Sobel’s (1982) test is its dependence on distribution assumptions, which
may affect the estimation of true p-values in smaller sample sizes. As a way to address this
problem, researchers (Preacher & Hayes, 2004; Shrout & Bolger, 2002) have suggested
using bootstrapping for standard errors which seems to have greater power in a small
sample. In modern mediation analysis, structural equation modelling (SEM) is one of the
most prominent methods that can fulfil the requirements of mediation analysis if it is
considered necessary (Afthanorhan et al., 2014). Structural equation modelling (SEM) uses
a conceptual model, a path diagram and a system of linked equations to capture complex
and dynamic relationships within a web of observed and unobserved variables and
provides a more appropriate inference framework for mediation analysis in a single
analysis. Therefore, in this study, we focused on the result from the SEM mediation model
using AMOS software.

For goodness of fit, the current study reported Comparative Fit Index (CFI) values. Ideally,
for a model that fits the data, the CFI would be close to 0.95 or higher (Hu & Bentler,
1999). We have not reported > or the root mean square error of approximation (RMSEA)
because y? is sensitive to a large sample size (n>250), almost always indicating a poor fit,

(lacobucci, 2010) and the RMSEA worsens as the number of variables in the model
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increases (Fan & Sivo, 2005; Kenny & McCoach, 2003). Overall, in view of power and
robustness, Hu and Bentler (1998) have demonstrated strong CFI performance. We also
calculated the coefficient of determination (R?) value for each model. This coefficient of
determination represents the combined effects of all independent variables, including the
mediator variable on the dependent variable. The effect size (f 2) of our mediators (dairy,
bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits)
in the relationship between self-rated oral health and SRGH was small.

The main strength of this study is its large and representative sample derived from the
Australian National Survey of Adult Oral Health (NSAOH). We used both classical and
modern methods to analyse mediation.

Very few studies have been conducted to determine if nutrition is a mediator in the
relationship between oral health and general health (Ritchie et al., 2002). These studies
have only reviewed the literature in relation to oral conditions with nutrition and the links
between various nutrition measures and systemic disease; however, relatively little work
has been done on the hypothesised mediation model.

One limitation of this study is its cross-sectional design which makes it impossible to draw
causal relationships between self-rated oral health, consumption of different kinds of food
groups and self-rated general health (SRGH). However, the aim of this study was not to
investigate the causal relationship. Instead, the focus was on testing whether statistical
mediation was supported by the analysis. An additional limitation of this study was that
individual models for each mediator were considered which may violate the overall
assessment of direct and indirect effects. However, according to interests, we can consider
the mediators one at a time if they do not affect one another (VanderWeele &
Vansteelandt, 2014). This study was initially interested in the effect of each individual

food group as a mediator, but further research could focus on the modelling of multiple

143



mediators, considering the suggestion of Vansteelandt and Daniel, (2017), due to the
interrelationships between mediator variables.

Patient-reported self-assessment has become accepted as important for the evaluation and
comparison of treatments and for the assessment and management of individual patients,
with this described as a uniquely personal perception that represents the way that
individuals feel about their health status (Fayers & Sprangers, 2002). Self-rated general
health (SRGH) is a powerful predictor of clinical outcome and mortality (Fayers &
Sprangers, 2002), and self-rated oral health is also a reasonable measure of clinically-
determined oral health status (Mejia et al., 2014). However, these are completely analytical
measures rather than clinical indicators. In future, we may consider more specific clinical
oral health measures such as tooth loss, periodontal status or dental caries to test the more
specific relationship between oral health and general health.

Therefore, the study found a direct effect of self-rated oral health on SRGH but this is not
mediated by the consumption of food items (dairy, bread-cereal, meat-fish-eggs, sweet
foods-snacks, mixed vegetables, vegetables and fruits). In the current study, the effect size
for mediated variables is small, which may lead to the null findings, but the sample size of
this current study is big enough, where power is not an issue. The main significance of our
findings is that if elders maintain better oral health, this may also help them to maintain
better general health. Furthermore, the consumption of mixed vegetables, vegetables and
fruits has a positive impact on oral health and general health, which support the current
literature (Hosseini et al 2018) and recommendation from WHO/AFO (The Joint

Consultation Report 2003) that encourage consumption of fruits and vegetables.
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Self-rated
dental health

Food Group

Dairy
Bread-cereal
Meat-fish-eggs
Sweet foods-shacks
Mixed vegetables
Vegetables

Fruits

Self-rated

general health

a= association between oral and nutrition status (food groups)

b= association between nutrition status (food groups) and general health
c= association between general health and oral health

¢'= association between general health and oral health after control for nutrition status (food groups)
«+ Controlled for age, gender, tooth brushing-habit, diabetes, alcohol consumption and social support

Figure 1: Conceptual model for mediation analysis
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Table 1: Mean (SD), Skewness, Kurtosis and correlations among main study Variables

Variable Range | Mean (SD) Skewness | Kurtosis Correlation

coefficient

1 2
1.Self-rated general health 1-5 3.6 (0.9) -0.36 -0.23 - -
2. Self-rated dental health 1-5 3.3(0.9) -0.21 -0.19 | 0.427* -
Dairy 0-51 | 25.6(6.4) -0.33 1.26 | -0.028* 0.005*
Bread-cereal 0-45 | 25.6 (5.5) -0.49 2.63 | -0.069* 0.005*
Meat-fish-eggs 0-72 | 42.4(8.6) -0.22 2.23 | -0.110* -0.035*
Sweet foods-snacks 0-64 | 32.5(8.5) 0.12 0.61 | -0.045* -0.047*
Mixed vegetables 1-15 | 12.4(3.8) -0.15 0.76 | 0.032* 0.018*
Vegetables 1-107 | 61.9 (12.1) -0.41 2.23 | 0.032* 0.044*
Fruits 1-64 | 28.4(8.5) 0.19 0.71 | 0.025* 0.038*

*p<0.001; SD=standard deviation
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Table 2: Regression analysis and multiple mediator model

Independent Mediator Dependent | Path | B Sobe | p Degree of
variable (X) (M) Variables 4 mediation
SRDH - SRGH c 0.408*
SRDH Dairy - a 0.140* | - <0.001 | Partial
- Dairy SRGH b -0.003* | 13.4 Mediation
SRDH (Dairy) SRGH ¢’ 0.409* |5
SRDH Bread-cereal - a 0.014* | -1.89 | 0.06 No
- Bread-cereal SRGH b -0.012* mediation
SRDH (Bread-cereal) SRGH c’ 0.408*
SRDH Meat-fish-eggs | - a -0.025* | 2.49 | 0.01 Partial
- Meat-fish-eggs | SRGH b -0.011* Mediation
SRDH (Meat-fish-eggs) | SRGH c’ 0.408*
SRDH Sweet foods- - a -0.403* | 32.9 | <0.001 | Partial
snacks 8 Mediation
- Sweet foods- SRGH b -0.007*
snacks
SRDH Sweet foods- SRGH ¢’ 0.406*
snacks
SRDH Mixed - a 0.043* |9.62 | <0.001 | Partial
vegetables Mediation
- Mixed SRGH b 0.002*
vegetables
SRDH (Mixed SRGH ¢’ 0.409*
vegetable)
SRDH Vegetables - a 0.436* | 23.2 | <0.001 | Partial
- Vegetables SRGH b 0.003* |3 Mediation
SRDH (Vegetables) SRGH c’ 0.407*
SRDH Fruits - a 0.081* | 7.66 | <0.001 | Partial
- Fruits SRGH b 0.003* Mediation
SRDH (Fruits) SRGH ¢’ 0.408*
*p<0.001

SRDH= Self-rated dental health
SRGH= Self-rated general health
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Table 3: Mediation results from Bootstrap method and SEM

Relationship Bootstrap Bias SEM Result Degree of

Correction ClI mediation

LL UL Direct without | Direct with Indirect

mediation Mediation effect

General health depends -0.0071 | 0.0014 | 0.378 0.378 0.00 No
on dental health (p<0.001) (p<0.001) (p=0.74) | mediation
(M: Dairy)
General health depends -0.0115 | 0.0016 | 0.378 0.378 0.00 No
on dental health (p<0.001) (p<0.001) (p=0.55) | mediation
(M: Bread-cereal)
General health depends -0.0116 | 0.0028 | 0.378 0.377 0.00 No
on dental health (p<0.001) (p<0.001) (p=0.56) | mediation
(M: Meat-fish-eggs)
General health depends -0.0028 | 0.0086 | 0.378 0.377 0.00 No
on dental health (p<0.001) (p<0.001) (p=0.42) | mediation
(M: Sweet foods-shacks)
General health depends -0.0023 | 0.0054 | 0.378 0.377 0.001 No
on dental health (p<0.001) (p<0.001) (p=0.23) | mediation
(M: Mixed vegetables)
General health depends -0.0015 | 0.0071 | 0.378 0.378 0.00 No
on dental health (p<0.001) (p<0.001) (p=0.52) | mediation
(M: Vegetables)
General health depends -0.0064 | 0.0024 | 0.378 0.379 0.001 No
on dental health (p<0.001) (p<0.001) (p=0.57) | mediation
(M: Fruits)

For mediator dairy: CFI=1; Rz =0.209; f2= 0.001

For mediator bread-cereal: CF1=0.996; R2 =0.216; f2= 0.003

For mediator meat-fish-eggs: CFI=0.998; R? =0.210; f2= 0.003

For mediator sweet foods-snacks: CFI=0.999; R2 =0.209; f2= 0.001
For mediator mixed vegetables: CF1=0.999; Rz =0.210; f>= 0.003
For mediator vegetables: CF1=0.994; Rz =0.209; f2= 0.001

For mediator fruits: CF1=0.993; R2 =0.211; f2= 0.004

*effect size 2= R2inciuged — RZexcluded! 1- RZincluded
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Figure A4: Structural equation model with mediator ‘Sweet foods-snacks’
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Figure A6: Structural equation model with mediator ‘Vegetables’
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Chapter 5: Discussion and Conclusions

This chapter presents the summary, strengths and limitations related to the study, as well as

the methodology and discussion of the results presented in the three papers (Chapter 4),

and finishes with the conclusion.

5.1.

Summary

The present research study was undertaken based on Australian adults. A population-based

study was conducted with the focus on “Assessing intake of different food groups as a

mediator in the relationship between oral health and general health”. More specifically the

focus of the study was to;

1.

Investigate the potential association between periodontal status and general health
and test whether the intake of different food groups (dairy, bread-cereal, meat-fish-
eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits) mediates this
relationship for adult Australians.

Explore the potential association between oral health status (number of missing
teeth and OHIP score) and general health and test with mediation analysis whether
the intake of different food groups (dairy, bread-cereal, meat-fish-eggs, sweet
foods-snacks, mixed vegetables, vegetables and fruits) mediates the relationship
for adult Australians.

Investigate the potential association between self-rated dental health (SRDH) and
self-rated general health (SRGH) and test whether the intake of different food
groups (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,

vegetables and fruits) mediates the relationship for adult Australians.

These three aspects have been addressed in Chapter 4.
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The study found an indirect effect of periodontitis on SRGH which was partially mediated
by the consumption of different kinds of food groups, namely, bread-cereal, meat-fish-eggs
and sweet foods-snacks. The study also found that the effect of periodontitis on SRGH was
not mediated by the consumption of dairy, mixed vegetables, vegetables or fruits, but that
increased consumption of mixed vegetables, vegetables and fruits had a positive impact on

general health.

The effect of the number of missing teeth on SRGH was not mediated by the consumption
of any kind of food groups among dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks,
mixed vegetables, vegetables or fruits. In addition, the consumption of different food group
items (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,
vegetables and fruits) did not mediate the relationship between the impact of oral health
and general health. Furthermore, adults with more missing teeth and a high OHIP score
had an association with the lower consumption of vegetables and fruits: increasing the
consumption of mixed vegetables, vegetables and fruits is recommended to maintain better

general health.

The effect of SRDH on SRGH was not mediated by the consumption of any of the food
groups among dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,
vegetables or fruits. However, a direct effect of SRDH on SFGH was found. In addition,
the consumption of mixed vegetables, vegetables and fruits had a positive impact on both

dental health and general health

5.2.  Why Mediation Analysis?

Mediation analysis explores the role of intervening variables (mediators) in an observed
relationship between an exposure variable and an outcome variable, rather than

hypothesising only a direct relationship between the exposure variable and the outcome
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variable. A mediational model (also called a ‘mediation model’) hypothesises that the
exposure variable has an effect on the mediator variable which, in turn, has an effect on the

outcome variable (Valeri et al., 2014).

The assessment of mediation presents an important way to address the criticism of ‘black
box’ epidemiology by moving beyond the identification of simple exposure—disease
relationships to open the black box to see its inner workings (Hafeman & Schwartz, 2009).
Mediation, in this context, is defined as the totality of processes that explain an observed

relationship between exposure and disease (Hafeman, 2008).

In other words, mediation analysis seeks a more accurate explanation of the effect that
exposure has on the outcome, with a focus on the mechanisms that make the causal chain

possible.

5.3. Why Considering the SEM Result to be the Final Result of Mediation

Analysis?

To discover the effect of mediation, a range of different approaches (classical and modern)
was tested in this study. Initially, the most classical approach of Baron and Kenny (1986)
was conducted, with this having been used by many researchers (Gaweda et al., 2015;
McLeod et al., 2011; Murrell & Meeks, 2002; Watson et al., 2011). Baron and Kenny’s
(1986) method is a four-step approach in which several regression analyses are conducted,
with the significance of the coefficients examined at each step. The main criticism of this
method is that mediation may be present even when no statistical significance of the
dependent and independent variables is apparent (Pardo & Roman, 2013). Furthermore, in
Baron and Kenny’s (1986) approach, if the relationship remains significant after inclusion

of the mediator, mediation may be partial or absent, but this is not specified.
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To identify the proper specifications of the mediation, the Sobel (1982) test has become
popular as it measures whether or not an intermediation effect is significant (Pardo &
Roman, 2013). The Sobel (1982) test evaluates the significance of the mediator by the
product of the coefficients which can easily be found from simple regression analysis. The
problem with Sobel’s (1982) test is its dependence on distributional assumptions which
may affect the estimation of true p-values for smaller sample sizes. To address this
problem, researchers (Preacher & Hayes, 2004; Shrout & Bolger, 2002) have suggested
using bootstrapping for standard errors which seems to have greater power in a small
sample. Bootstrapping for standard errors is a non-parametric method based on resampling
with a replacement which can be done many times. From each sample, the indirect effect is
computed, and a sampling distribution can be empirically generated. As the mean of the
bootstrapped distribution will not exactly equal the indirect effect, a correction for bias can
be made. More recently, Fritz et al. (2012) raised a concern that bias-corrected
bootstrapping is too liberal with alpha (Type | error) being around 0.07. In fact, not doing
the bias correction seems to improve the Type | error rate. According to Hayes and
Scharkow (2013), if power is a major concern, then the bias-corrected bootstrap is

recommended, but if the Type | error rate is a major concern, it is not recommended.

In modern mediation analysis, structural equation modelling (SEM) is one of the
prominent methods that can fulfil the requirements of mediation analysis if it is necessary
(Afthanorhan et al., 2014). Structural equation modelling (SEM) uses a conceptual model,
a path diagram and a system of linked equations (regression style) to capture complex and
dynamic relationships within a web of observed and unobserved variables. In addition, it
provides a more appropriate inference framework for mediation analysis in a single

analysis. Therefore, in this study, we focused on the result of the SEM mediation model.
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5.4.  Study Findings

This section discusses the study findings of Chapter 4, Section 4.3, 4.4 and 4.5.

5.4.1. Association between periodontitis and self-rated general health is partially
mediated by the consumption of the food groups of bread-cereal, meat-fish-eggs and
sweet foods-snacks

In Chapter 4, the study presented in Section 4.3 (Research Article 1) aimed to investigate
the association between periodontal status and self-rated general health (SRGH) and to test
whether the intake of different food groups (dairy, bread-cereal, meat-fish-eggs, sweet
foods-snacks, mixed vegetables, vegetables and fruits) mediated the relationship. The
underlying hypotheses postulated that severe periodontal problems predict worse SRGH
and that the intake of unhealthy kinds of food mediates the relationship for the adult
Australian population aged 45 and over. The findings showed that less severe periodontal
problems predicted better general health and that this association was partially mediated by

the consumption of bread-cereal, meat-fish-eggs and sweet foods-snacks.

A range of different approaches was tested in this study to measure the support for the
hypotheses. From Baron and Kenny’s (1986) mediation analysis, we see a significant
(p<0.005) relationship between periodontitis and the consumption of all kinds of food
groups. Moreover, consumption of all food groups is significantly (p<0.001) associated
with self-rated general health (SRGH). In addition, periodontitis is significantly (p<0.001)
associated with self-rated general health (SRGH). After the food groups are introduced,
periodontitis and the consumption of all food groups (except dairy) significantly (p<0.001)
predict self-rated general health (SRGH). The findings support the view that partial
mediation or no mediation may occur between periodontitis and SRGH with the
consumption of bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,

vegetables and fruits. However, from Sobel’s (1982) test, we can see that the association
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between periodontitis and SRGH are partially mediated by the consumption of dairy,
bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits

(p<0.005).

From the bootstrap test for standard errors, as implemented by Preacher and Hayes (2008),
the bias correction confidence intervals (Cls) for the consumption of all food groups
include “0”; that is, they indicate that the indirect effect is not significant, with no

mediation established.

The SEM analysis indicates that the association between periodontitis and SRGH was
partially mediated by the consumption of bread-cereal, meat-fish-eggs and sweet foods-
snacks. The study’s calculation of variance accounted for (VAF) finds that 35.7% of the
effect of periodontitis on SRGH was explained by the consumption of bread and cereal.
Again 35.7% of the effect of periodontitis on SRGH was explained by the consumption of
meat, fish and eggs. Moreover, 39.3% of the effect of periodontitis on SRGH was
explained by the consumption of sweet foods-snacks.

5.4.2. Association between oral health (missing teeth and OHIP score) and general
health (self-rated general health) is not mediated by the consumption of the food

groups of dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,
vegetables or fruits

In Chapter 4, the study described in Section 4.4 (Research Article 2) aimed to investigate
the effect of the number of missing teeth and the OHIP score on SRGH and to test whether
the intake of different food groups (dairy, bread-cereal, meat-fish-eggs, sweet foods-
snacks, mixed vegetables, vegetables and fruits) mediates the relationship. Two hypotheses
were considered: (1) adults with more missing teeth predict worse SRGH and the intake of
unhealthy kinds of food mediates the relationship, and (2) adults with a higher OHIP score
rated their general health worse, and the intake of unhealthy kinds of food mediates the

relationship. The findings show that adults with more missing teeth rated their general
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health worse, but that the association was not mediated by consumption of any of these
food groups: dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,
vegetables and fruits. Adults with a higher OHIP score (i.e., greater impact of dental
problems) also rated their general health worse, with this not mediated by consumption of
any of these food groups: dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed

vegetables, vegetables and fruits.

As described next, a range of different approaches was tested in this study to measure the
support for these hypotheses. Baron and Kenny’s (1986) mediation analysis shows a
significant (p<0.001) relationship between the number of missing teeth and consumption of
all kinds of food groups. Consumption of all food groups is significantly (p<0.001)
associated with self-rated general health (SRGH). In addition, the number of missing teeth
is significantly (p<0.001) associated with self-rated general health (SRGH). After food
groups are introduced, the number of missing teeth and the consumption of all food groups
significantly (p<0.001) predict self-rated general health (SRGJ). Therefore, we can say that
it is possible that no mediation or partial mediation exists in the relationship between the
number of missing teeth and self-rated general health (SRGH). From Sobel’s(1982) test, it
can be concluded that the association between the number of missing teeth and SRGH was
partially mediated by the consumption of dairy, bread-cereal, meat-fish-eggs, sweet foods-
snacks, vegetables and fruits (p<0.001), but not mediated by the consumption of mixed

vegetables (p=0.48).

Again, for mediation analysis in the relationship between the Oral Health Impact Profile
(OHIP) score and general health, Baron and Kenny’s (1986) mediation analysis shows a
significant (p<0.001) relationship between the OHIP score and the consumption of all
kinds of food groups. The consumption of all food groups was significantly (p<0.001)

associated with self-rated general health (SRGH). The OHIP score was also significantly
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(p<0.001) associated with self-rated general health (SRGH). Lastly, after introducing food
groups, the OHIP score and consumption of all food groups significantly (p<0.001)
predicted self-rated general health (SRGH). Therefore, we can say that no mediation or
partial mediation exists in the relationship between the OHIP score and self-rated general
health (SRGH). From Sobel’s (1982) test, we can conclude that the association between
the OHIP score and SRGH was partially mediated by the consumption of dairy, bread-
cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and fruits

(p<0.001).

From testing both hypotheses using the bootstrap test for standard errors, the result shows
that the bias correction confidence intervals (Cls) for the consumption of all food groups
for both cases included “0”, that is, they indicate that the indirect effect was not significant

and that no mediation was established.

The SEM analysis indicates that the association between the number of missing teeth and
general health was not mediated by consumption of any of the food groups of dairy, bread-
cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables or fruits. The
same result was also found in the mediation analysis when SEM was used with the
exposure variable of OHIP score, the outcome variable of SRGH and the mediator variable
being the consumption of the different food groups (dairy, bread-cereal, meat-fish-eggs,
sweet foods-snacks, mixed vegetables, vegetables and fruits); that is, no mediation effects
were found in the relationship between the OHIP score and self-rated general health

(SRGH).
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5.4.3. Association between self-rated dental and general health is not mediated by
food groups of dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed
vegetables, vegetables or fruits.

Chapter 4, the study described in Section 4.5 (Research Article 3) aimed to investigate the
association between self-rated dental health (SRDH) and self-rated general health (SRGH)
and to test whether the intake of different food groups (dairy, bread-cereal, meat-fish-eggs,
sweet foods-snacks, mixed vegetables, vegetables and fruits) mediates the relationship.
The underlying hypotheses were that worse SRDH predicts worse SRGH and that the
intake of unhealthy kinds of food mediates the relationship for the adult Australian
population aged 45 years and over. The findings also show that adults with better SRDH
rated their general health better, but that the association was not mediated by consumption
of any of these food groups: dairy, bread-cereal, meat-fish-eggs, sweet foods-snhacks,

mixed vegetables, vegetables and fruits.

As described next, a range of different approaches was tested in this study to measure the
support for these hypotheses. Baron and Kenny’s (1986) mediation analysis shows that
SRDH was significantly (p<0.001) associated with the consumption of all kinds of food
groups. Consumption of all food groups was significantly (p<0.001) associated with self-
rated general health (SRGH). In addition, SRDH was significantly (p<0.001) associated
with self-rated general health (SRGH). After the food groups were included, SRDH was
still significantly (p<0.001) related to self-rated general health (SRGH). Therefore, we can
say that possibly no mediation or partial mediation exists in the relationship between
SRDH and self-rated general health (SRGH). From Sobel’s (1982) test, it can be concluded
that the association between SRDH and SRGH was partially mediated by the consumption
of dairy products, meat-fish-eggs, sweet foods-snacks, mixed vegetables, vegetables and

fruits, but that it was not mediated by bread-cereal.
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The bootstrap test for standard errors, implemented by Preacher and Hayes (2008),
indicates that the bias correction confidence intervals (Cls) for the consumption of all food
groups included “0”; that is, the indirect effect was not significant, and no mediation was

established.

The SEM analysis indicates that the association between SRDH and SRGH was not
mediated by consumption of any of the food groups: dairy, bread-cereal, meat-fish-eggs,

sweet foods-snacks, mixed vegetables, vegetables or fruits.

5.5.  Compare and Contrast the Study Findings

Oral health is an important determinant of overall health. The current study has found that
adults with none/mild and moderate periodontal problems compared to those with severe
periodontal problems rated their general health better. In the literature, the study found a
similar pattern and broader explanation of this relationship and that periodontal disease
explained a part of the aetiology of various systemic diseases, that is, non-oral diseases that
cause direct infection in the heart, the lungs, the brain, the head and the neck region (Slots,
2003). Furthermore, severe periodontitis has been associated with adverse changes in
blood pressure and in serum cholesterol level (D'Aiuto et al., 2006). Durham et al. (2013)
stated that, compared to periodontally healthy patients, patients with chronic periodontitis

reported significantly poorer oral health-related quality of life.

The current study found that adults with more missing teeth and a higher OHIP score
(indicating more impact from oral health problems) rated their general health worse.
Similar patterns were also seen in the literature. Reissmann et al. (2013) found that denture
patients reported higher OHIP scores, indicating lower health-related quality of life than
the general population, while OHIP-14 scores were negatively correlated with self-

assessment of overall health (Kieffer & Hoogstraten, 2008; Yu et al., 2013). Moreover,
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Brennan and Singh (2011) stated that SRGH was worse for those with higher OHIP scores
and those with more health problems.Tooth loss is also related to sytemic health. For
example, tooth loss can increase the risk of cardiovascular diseases and gastrointestinal
disorders (Hung et al., 2005; Osterberg et al., 2010), and can also increase the risk of non-
insulin-dependent diabetes mellitus (Cleary & Hutton, 1995; Medina-Solis et al., 2006) and

chronic kidney disease (Fisher et al., 2008).

In the current study, the self-assessment of dental and general health is found to be related
and adults with better SRDH rated their general health better, with this finding also
supported by previous studies (Benyamini et al., 2004; Brennan & Singh, 2011; Kieffer &
Hoogstraten, 2008). Kieffer and Hoogstraten’s (2008) study indicated a moderate
relationship between self-rated oral health and general health. Furthermore, Benyamini et
al. (2004) stated that self-rated oral health not only contributed to predicting SRGH, it also
predicted the future level of self-rated general health (SRGH). In addition, Brennan and
Singh (2011) stated that SRGH is positively associated with SRDH, but that this depended

on the number and level of the individual’s health problems.

Given the cross-sectional nature of the design it is difficult to identify causal relationships.
Other possibilities include common risk factors for periodontitis, diet and general health
such as lower socioeconomic status and age. Also, with a cross-sectional design the

direction of associations and possible causal relationships is difficult to discern.

To live a healthy life, appropriate food consumption is necessary. The current study shows
that adults who consume more vegetables, fruits and mixed vegetables rated their general

health higher, with this also supported in the study by Laugero et al. (2011) study. In their
study, they stated that a lower intake of protein, fruits, vegetables, fibre and omega-3 fatty

acids and a higher intake of carbohydrate and food groups characterized by salty snacks,
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sweet foods, and high Glycaemic Index (Gl)food along with physical activity patterns
affect the development of chronic health diseases in older age. In addition, fruits,
vegetables, whole-grains, low-fat dairy products, poultry, fish and nut consumption were
recommended for preventing heart disease and stroke in the at-risk population (Nielsen et
al., 2016). In the systematic review and meta-analysis, Hosseini et al (2018) also suggested
that a diet high in fruit and vegetables may lead to reduction in inflammation, (where
inflammation is one of the major cause of a range of chronic diseases) and enhanced

immune cell profile.

Furthermore, oral health is important in an individual’s ability to consume appropriate food
to maintain a healthy life. The current study found that adults with compromised oral
health (more missing teeth, a higher OHIP score and severe periodontitis) consumed less
fruits and vegetables, whereas the intake of fruits and vegetables is recommended for
maintaining a healthy life (Laugero et al., 2011; Nielsen et al., 2016). Similar results were
found in other studies. Some studies found that people with fewer teeth reported a lower
intake of root vegetables and other vegetables (Joshipura et al., 1996; Ratna et al., 1988)
and those who had lost five or more teeth in the previous four years decreased their intake
of vegetables, apples and pears (Joshipura et al., 1996). Another study observed that lower
consumption of fruits, vegetables and mixed vegetables was more prevalent among those
with fewer teeth (Brennan et al., 2010). It was also found that the number of food items
that the individual was able to eat was significantly correlated with the number of present
teeth, with more missing teeth leading to more limited choice of foods and consequent
reduction of the intake of fruits, vegetables and fibre (Toniazzo et al., 2017). On the other
hand, sugar-sweetened beverages are dietary sources of sugar that are factors in caries

development and leading to tooth loss (Wiener et al., 2017).
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5.6.

Strengths and Limitations of the Study

For interpretation of the results, it is essential to state the strengths and limitations of the

study. In this part of the thesis, the strengths and limitations of the methodological

approaches followed in Chapter 4, Sections 4.3, 4.4 and 4.5 are discussed.

5.6.1.

Strengths

The current study was conducted with a large and representative sample of
Australian adults derived from the Australian National Survey of Adult Oral Health
(NSAOH).

Both classical and modern methods for analysing mediation have been used in this
study and the sequence of using the different methods has been described.

Oral health was considered from different dimensions, in view of perceptions (self-
rated general health [SRGH] and the OHIP score) and clinical measures (number of
missing teeth and periodontitis)

Nutrition data were collected using a Food Frequency Questionnaire (FFQ), in
which the average consumption frequency was recorded for the previous 12 months
on a 9-point scale ranging from ‘never, or less than once a month’ to 6+ times per
day’ which accounted for daily variation in food intake.

A range of food groups was considered to check their mediation effect. Each of the
food group items included were based on the National Nutrition Survey (ABS,

1995).

5.6.2. Limitations

1.

In the current study, a cross-sectional design has been adopted to collect data which

makes it impossible to draw causal relationships between oral health, the
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consumption of different kinds of food groups and general health. While
consideration of cause is an important aspect of mediation, the aim of this study
was not to investigate the causal relationship. Instead, the focus was on establishing
whether mediation is supported in terms of statistical associations.

In the current study, a less healthy and healthy food items were considered in the
same food group. For example, all kind of dairy such as low fat and full fat dairy
were considered as a “dairy” Sugary fruits, fruit juice and other all kind of fruits
considered as a “fruits”. Starchy vegetables, fried vegetables, boiled/mashed/baked
vegetables, raw vegetables and cooked vegetables considered as ‘vegetables’. Even
good protein (fish), protein with saturated fat (red meat) and eggs considered in a
same food group. However, according to initial research interest, overall food
group was considered, further research could focus on less healthy and healthy food
groups or consider nutrient variables, such as saturated fat, poly- or mono-fats,
protein, carbohydrate, sugar, fibre, calcium, cholesterol, iron, folate, etc., from
consumed food.

. The current study conducted individual models for each mediator. This may violate
the overall assessment of direct and indirect effects. However, according to
research interests, one can consider the mediators one at a time if the mediators do
not affect one another (VanderWeele & Vansteelandt, 2014). The initial interest of
this research was in the effect of the consumption of each individual food group as
a mediator; however, further research could focus on the modelling of multiple
mediators modelling, thus considering the suggestion of Vansteelandt and Daniel

(2017).
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5.7.  Implications

The current research articulates the impact of oral health on nutrition intake and general

health in Australia. The study findings are relevant to public health.

5.7.1. Implications for public health

The current research has provided evidence of the mediation effect of adult food
consumption in the relationship between oral health and general health. Different levels of
periodontal problems in adults were partially mediated by the consumption of bread-cereal,
meat-fish-eggs and sweet foods-snacks to maintain a better level of general health.
Although the effect of periodontitis on SRGH was not mediated by the consumption of
dairy, mixed vegetables, vegetables or fruits, increased consumption of mixed vegetables,
vegetables and fruits had a positive impact on general health. The effects of the number of
missing teeth and the OHIP score were not mediated by any of the food groups. However,
adults with more missing teeth and a high OHIP score were found to have an association
with lower consumption of vegetables and fruits: increasing their consumption of mixed

vegetables, vegetables and fruits is thus recommended to maintain better general health.

The current study’s findings show Australian adults’ self-perception of oral and general
health. Self-rated dental health (SRDH) has a direct effect on SRGH but this is not
mediated by the consumption of food items. However, the consumption of mixed
vegetables, vegetables and fruits has a positive impact on dental health and general health,
which underlines the importance of dietary guidelines for health professionals to design not

only oral health policy but, consequently, general health policy.

In practice, dental professionals and health professionals seek to improve the health of their

patients. This research will help all health care professionals to understand the potential
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relationships between nutrition, oral health and general health and to adopt an
interdisciplinary approach to providing optimal care to adults. More specifically,
explaining this relationship might assist nutritionists to develop dietary guidelines in view
of different levels of oral health status, with these guidelines helpful to health professionals

in designing general health policy.

5.7.2. Implications for the epidemiological literature

The findings of the current study contribute to the knowledge of mediation effects in the
relationships between oral health, nutrition and general health. Oral health has been
considered from the perspectives of different dimensions by the measures in this study.
For future researchers, the study provides a broader view of oral health in relation to

nutrition and general health.

Using and describing the sequence of the different approaches to mediation analysis and
comparing them in this study will help future researchers to make decisions on why, when

and how to use different mediation analysis approaches in their research.

5.8. Future Work

The current study’s findings show that, in some cases, the consumption of food is a
mediator between oral health and general health but that, in some cases, it is not. To
investigate more closely, the next step of this study would be to:

e consider more specific food groups instead of including less healthy and healthy
food items in the same food group. For example, dairy could be closely monitored
as low fat and full fat dairy. Sugary fruits and fruit juice could be excluded from the
fruit group. Starchy and fried vegetables could be excluded from the vegetable

group and be considered as a different group. Meat-fish-eggs could be divided into
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good protein and protein with saturated fat. Wholemeal/mixed grain bread-cereal
could be separated from white bread and sugary cereal.

e consider nutrient variables, such as saturated fat, poly- or mono-fats, protein,
carbohydrate, sugar, fibre, calcium, cholesterol, iron, folate, etc., from consumed
food as mediators which are more known to impact on general health.

e consider non-communicable diseases, such as diabetes, cancer, lung diseases,
stroke, heart disease, etc. as a proxy for general health with these diseases more
related to food and nutrition.

e consider the modelling of multiple mediators instead of using single mediator

modelling.

5.9. Conclusions

The current study has explored the association between oral health and general health from
different aspects of oral health and has tested whether and how the intake of different food
groups (dairy, bread-cereal, meat-fish-eggs, sweet foods-snacks, mixed vegetables,

vegetables and fruits) mediates this relationship for adult Australians.

The main conclusions are described below:

Australian adults with none/mild and moderate periodontal problems compared to those
with severe periodontal problems were more likely to rate their general health better with
this association partially mediated by the consumption of bread-cereal, meat-fish-eggs and
sweet foods-snacks. Around 35.7% of the effect of periodontitis on self-rated general
health (SRGH) is explained by the consumption of bread and cereal; 35.7% of the effect of
periodontitis on SRGH is explained by the consumption of meat, fish and eggs; and 39.3%
of the effect of periodontitis on SRGH is explained via the consumption of sweet foods-

snacks. Australian adults with more missing teeth and a higher OHIP score (i.e., greater
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impact of dental problems) rated their general health worse, while Australian adults who

rated their oral health higher were more likely to rate their general health higher. However,

the associations between the number of missing teeth, self-rated dental health (SRDH),

Oral Health Impact Profile (OHIP) score and SRGH were not mediated by the

consumption of any item from these food groups: dairy, bread-cereal, meat-fish-eggs,

sweet foods-snacks, mixed vegetables, vegetables and fruits.

The other conclusions are next described:

Australian adults with severe periodontal problems compared to those with
moderate or less periodontal problems consumed less bread-cereal, sweet foods-
snacks, mixed vegetables, vegetables and fruits, and more dairy and meat-fish-
eggs. Australian adults with more missing teeth consumed less of any kind of food
item from the food groups: dairy, bread-cereal, meat-fish-eggs, sweet foods-
snacks, mixed vegetables, vegetables or fruits. Those with higher OHIP scores
(greater impact of dental problems) consumed more dairy, bread-cereal, meat-
fish-eggs, sweet foods-snacks or mixed vegetables and consumed fewer
vegetables and fruits. Australian adults who rated their dental health higher
consumed more dairy, bread-cereal, mixed vegetables, vegetables and fruits, and
less meat-fish-eggs and sweet foods-snacks.
Australian adults who consumed more dairy, bread-cereal, meat-fish-eggs and
sweet foods-snacks rated their general health as poor and those who consumed
more vegetables, fruits and mixed vegetables rated their general health higher.
Australian adults with more missing teeth and a higher OHIP score (i.e., greater
impact of dental problems) rated their general health worse, while Australian adults
who rated their oral health higher were more likely to rate their general health

higher.
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Monday, 21-Aug-2017

Ms. Saima Islam
Adelaide, Australia

Abstract Control ID#: 2808307
Abstract Title: Nutrition mediates the relationship between periodontal status and general health

Dear Ms. Saima Islam,

It is a pleasure to inform you that your abstract has been ACCEPTED for oral presentation at the 57th
Annual Scientific Meeting of the IADR ANZ Division. The meeting will take place at the University of
Adelaide Health and Medical Science building, Adelaide on 25th-27th September 2017.

Please note that some colleagues have provided an alternate email address for notification, so if this
letter is addressed to a colleague, please forward it to his/her attention. Email notifications are sent
only to the address provided for the presenter when the abstract was submitted; it is the presenter's
responsibility to notify co-authors.

DO NOT lose this notification. The mode of your presentation has been assigned by the Group
Program Chair and must be followed as we are unable to change it at this date. Assignments were
based on authors' requests as much as possible.

PRESENTATION INFORMATION

Presentation Mode: Oral

Presentation Date: To be announced

Session Title: To be announced

Session Time: To be announced

Presentation Duration: 10 minutes, plus 5 minutes for discussion

REGISTRATION REQUIREMENT
All presenters must register and pay the applicable fee by 1st September 2017. If you do not
register, you will NOT be allowed to present at the meeting and your abstract will be withdrawn

from the final printed Program Book.
Notices will be sent to all presenters after the registration deadline.
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7.4. Abstract for IADR2017_ANZ

Nutrition mediates the relationship between periodontal status and general health

Objectives: Periodontitis is a chronic inflammatory disease affecting the supporting structures of the
teeth. It plays a significant role in the systemic health of adults. Our objective is to investigate the
association of periodontal status and general health and to test whether intake of different food
groups mediates this relationship.

Method: Data were collected in 2004—-06, using a computer-assisted telephone interview, followed by
oral examination, mailed questionnaire and a food frequency questionnaire (FFQ) in New South Wales
and Queensland.

Multivariate linear regression was conducted to assess relations between variables. Self-rated general
health and periodontal status were used as outcome and explanatory variables, food groups (dairy,
bread-cereal, meat-fish-eggs, sweet-snacks, mixed-vegetables, vegetables and fruits) were the
mediators. Age, sex, smoking-status, brushing-habits, diabetes, alcohol-consumption and social-
support were the control variables. Baron and Kenny’s mediation analysis was initially performed,
followed by Sobel’s test for mediation. Lastly bootstrapping for standard error and Structural Equation
Modelling (SEM) were conducted to assess consistency of the mediation model to the data.

Result: A total of 1,202 persons responded to the FFQ (98.7% response rate), with 62.6% aged 45+
years. Adults with none/mild and moderate periodontal problems compared to severe periodontal
problems rated their general health better (B1=0.13 with p<0.001 and B,=0.09 with p<0.001). Baron
and Kenny and Sobel-tests showed the associations were partially mediated by food intake (Sobel test:
for all mediators dairy, bread & cereal, meat-fish-eggs, sweet-snacks, mixed-vegetable, vegetables and
fruits, p<0.05). Multiple mediation bootstrap results showed bias corrected confidence intervals (-
0.0091, 0, 0052) for the mediators: dairy, (-0.0012, 0.0347) bread-cereal, (-0.0017, 0.0303) fish-meat-
eggs, (-0.0028, 0.0287) sweet-snacks, (-0.0036, 0.0126) mixed-vegetables, (-0.0064, 0.0132)
vegetables, and (-0.00205, 0.0022) fruits, indicative of no mediation. SEM analysis for mediation
showed p=0.76, p=0.045, p=0.050, p=0.015, p=0.73, p=0.42 and p= 0.30 for dairy, bread-cereal, meat-
fish-eggs, sweet-snacks, mixed-vegetables, vegetables and fruits.

Conclusion: Less severe periodontal problems predicted better general health. SEM indicated that this
association was mediated by consumption of bread-cereal, meat-fish-eggs and sweet-snacks.
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7.5. Abstract for Research day 2016

RESEARCH DAY 2016
ABSTRACT

Oral Presentation [V

Title of presentation:
“Assessing nutrition as a mediator of the association between oral health and general health”

Authors & Affiliations (list affiliation in brackets after name):

Saima Islam (PhD Candidate, ARCPOH, School of Dentistry, University of Adelaide)

Professor David Brennan (Professor, ARCPOH, School of Dentistry, University of Adelaide)

Professor Kaye Roberts-Thomson (Adjunct Professor, ARCPOH, School of Dentistry, University of Adelaide)

Presenter is: PhD Student
Abstract:

Background: Self-rated health is a useful summary of people’s general health and oral health,
and both are related to quality of life, especially at old age. Proper food consumption is essential
for health, especially in the elderly.

Objective: To evaluate the association of oral health on general health and test whether intake
of different food groups mediates the relationship.

Method: Data were collected in 2004-06, using a three-stage, stratified clustered sample,
involving a computer-assisted telephone interview (CATI), followed by oral examination,
mailed questionnaire and a food frequency questionnaire in New South Wales and Queensland.

Multivariate Linear regression was conducted to assess relations between variables. Self-rated
general and oral health ware used as outcome and explanatory variables, food groups (mixed
vegetables, vegetables and fruits) were the mediators. Baron and Kenny’s mediation analysis
was initially performed, followed by Sobel’s test for mediation. Lastly bootstrapping for
standard error and Structural Equation Modelling (SEM) were conducted to assess consistency
of the mediation model to the data.

Result: A total of 1,202 persons responded (98.7% response rate), with 62.6% aged 45+ years.
Self-rated dental and general health were associated (f=-0.697; p<0.001) controlling for age
and sex. Self-rated dental health was also associated with food groups (mixed vegetable:
=0.096; p<0.001; vegetables: p=1.42; p<0.001; fruits: p=0.251; p<0.001). Barron & Kenny
and Sobel tests showed worse oral health was associated with worse general health, which was
partially mediated by food intake (Sobel test: p<0.001, p<0.001 and p<0.001 for mediator:
mixed vegetable, vegetables and fruits). Multiple mediation bootstrap results showed bias
corrected confidence intervals (-0.0032, 0.0220) for mediator: mixed vegetables, (-0.0057,
0.0136) vegetables, and (-0.0060, 0.0194) fruits, indicative of no mediation. SEM analysis for
mediation showed p=0.328 for mixed vegetables, p=0.602 for vegetables and p=0.529 for fruits,
which were not statistically significant and support the bootstrap result.

Conclusion: Better oral health is associated with better general health but SEM indicated this
association is not mediated by food consumption.
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7.6. Abstract for Research day 2017

2017 Adelaide Dental School Research Day @ m%
RN g

Abstract:
(Up to 250 words including aims, methods, results and conclusion to be included)

Aim: Periodontitis is a chronic inflammatory disease affecting the supporting structures of the teeth and playing
a significant role in the systemic health of adults. Our aim is to investigate the association of periodontal status
and general health and test whether intake of different food groups mediates the relationship.

Method:; Data were collected in 2004-06, using a computer-assisted telephone interview, followed by oral
examination, mailed questionnaire and a food frequency questionnaire (FFQ) in New South Wales and
Queensland.

Multivariate Linear regression was conducted to assess relations between variables. Self-rated general and
periodontal status were used as outcome and explanatory variables, food groups (dairy, bread-cereal, meat-
fish-eggs, sweet-snacks, mixed-vegetables, vegetables and fruits) were the mediators. Age, sex, smoking-
status, brushing-habits, diabetes, alcohol-consumption and social-support were the control variables. Baron
and Kenny's mediation analysis was initially performed, followed by Sobel's test for mediation. Lastly
bootstrapping for standard error and Structural Equation Modelling (SEM) were conducted to assess
consistency of the mediation model to the data.

Result: A total of 1,202 persons responded to the FFQ (98.7% response rate), with 62.6% aged 45+ years.
Adults with none/mild and moderate periodontal problems compared to severe periodontal problems rated
their general health better (81=-0.13 with p<0.001 and B2=-0.09 with p<0.001). Baron and Kenny and Sobel-
tests showed the associations were partially mediated by food intake (Sobel test: for all mediators dairy, bread
& cereal, meat-fish-eggs, sweet-snacks, mixed-vegetable, vegetables and fruits, p<0.05). Multiple mediation
bootstrap results showed bias corrected confidence intervals (-0.0047, 0.0082) for the mediators: dairy, (-
0.0383, 0, 0016) bread-cereal, (-0.0316, 0.0013) fish-meat-eggs, (-0.0292, 0.0027) sweet-snacks, (-0.0136,
0.0041) mixed-vegetables, (-0.0116, 0.0070) vegetables, and (-0.0021, 0.0237) fruits, indicative of no
mediation. SEM analysis for mediation showed p= 0.76, p=0.045, p=0.050, p=0.015, p=0.73, p=0.42 and p=
0.30 for dairy, bread-cereal, meat-fish-eggs, sweet-snacks, mixed-vegetables, vegetables and fruits.

Conclusion: Less severe periodontal problems predicted better general health. SEM indicated that this
association was mediated by consumption of bread-cereal, meat-fish-eggs and sweet-snacks.
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