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Preface 

This thesis reports on research which was conducted during the time of my candidature for 

the degree of Doctor of Philosophy (PhD) at the School of Dentistry, the University of 

Adelaide from January 2011 to July 2015. It relates to the incidence and progression of 

periodontal disease and daily life, which includes systemic illness, functional limitation, and 

cognitive impairment. 
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Abstract 

Background: Periodontal disease is highly prevalent among older adults. The purpose of the 

current study was to improve the measurement of the incidence and progression of 

periodontal disease in older population with a high level of tooth loss, and to evaluate the 

relationship between daily life conditions (systemic diseases, functional limitation and 

cognitive impairment) and periodontal disease.  

 

Methods: Data were from the South Australian Dental Longitudinal Study (SADLS). All 

participants were 60+ years. Data collection started in 1991/1992 and repeated 2, 5 and 11 

years later. This study investigated the measurement of periodontal disease first by the use of 

periodontal disease case definitions; then the calculation of individual incidence density of 

periodontal attachment loss (ALOSS ≥ 3mm) events. The role of systemic diseases in 

predicting the incidence and progression of periodontal disease was estimated after adjusting 

for social demographic, dental characteristics and health-related behaviour covariates using 

Poisson regression with robust standard errors. Marginal structural models (MSMs) with 

stabilised inverse-probability weights were used to estimate the direct effect of functional 

limitations and/or cognitive impairment on the incidence and progression of periodontal 

disease while controlling for other risk factors such as systemic diseases and dental 

behaviours.  

 

Results: Of the 801 dentate participants examined at baseline (response rate: 66.5%), 596, 

365 and 234 were re-examined at the 2, 5 and 11-year follow-up respectively. Large 

discrepancies in the prevalence of periodontal disease were found based on three different 

case definitions with the same population at different time points. Both the incidence and 

reversal of periodontal disease were associated with the number of teeth lost at baseline and 

across the follow-up intervals. 

 

The mean individual incidence density of ALOSS new events was 8.3 per 1,000 tooth-years 

with imputed missing values due to tooth loss and loss of participants to follow-up. The 

individual incidence density of ALOSS new events was 2 times higher in the ‘tooth loss’ 

groups under the different scenarios, compared to ‘no tooth loss’ group.  
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The predictive analyses showed that among older adults who suffered from diabetes and 

chronic obstructive pulmonary disease (COPD), the average ALOSS events per 1,000 tooth-

years was 1.3 and 1.2 times higher respectively than for those without these diseases.  

 

The estimated direct effect of people with functional limitation increased the risk of 

periodontal disease progression around 1.6 times, compared with those without functional 

limitation; people with cognitive impairment had nearly 1.7 times greater progression of 

periodontal disease than those who did not have cognitive impairment; and having both 

functional limitations and cognitive impairment raised the progression of periodontal disease 

to 1.8 times compared to those who did not have functional limitation or cognitive 

impairment. 

 

Conclusion: Individual-level incidence density of ALOSS new events was more appropriate 

to estimate the incidence and progression of periodontal disease in a population with a high 

level of tooth loss. Diabetes and COPD were risk predictors of the incidence and progression 

of periodontal attachment loss, and daily life (including functional limitation and/or cognitive 

impairment) had a direct effect on incidence and progression of periodontal disease that was 

not mediated by dental behaviours or systemic diseases.  
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Chapter 1:  Introduction 

1.1: Background 

Periodontal disease is associated with daily life situations such as systemic ill-health, 

functional limitations, and cognitive impairment. Both periodontal and systemic diseases are 

recognised as multifactorial chronic diseases which share multiple risk factors. Daily life, 

such as daily living activities and cognitive conditions, are associated with oral health, 

especially periodontal health. Most of the studies have shown that periodontal disease is a risk 

factor for many systemic diseases and daily life, however, less attention has been given to 

whether systemic diseases or daily life disability are putative risk factors for the incidence and 

progression of periodontal disease. Therefore, this study will assess and estimate the effect of 

daily life on the incidence and progression of periodontal disease. 

 

1.1.1: Periodontal disease 

Periodontal diseases are inflammatory diseases in which one or more of the periodontal 

tissues are affected. They include non-destructive (gingivitis) and destructive (periodontitis) 

types of periodontal disease (Armitage 2002). Chronic periodontitis is a common and major 

sub-disease of periodontal disease which is characterised by gingival recession and/or pocket 

formation due to the destruction of periodontal tissues and sometimes alveolar bone. 

 

Periodontal disease (seen as chronic periodontitis in this context) is highly prevalent in the 

adult population. Approximately 5-15% of the world’s population has severe chronic 

periodontitis (Burt 2005; Meyer et al. 2008). The prevalence of severe periodontal disease 

(having a tooth with a pocket depth deeper more than 6mm) was about 7% among people 

aged 65 and older (Hunt, Field & Beck 1985). In Australia, the National Survey of Adult Oral 

Health (NSAOH) 2004-2006 (Slade, Spencer & Roberts-Thomson 2007) showed that 20.5% 

and 2.4% of Australian adults had moderate and severe periodontal disease respectively. 

Chronic periodontitis is highly prevalent in the older population, affecting 60.8% of older 

Australians (Slade, Spencer & Roberts-Thomson 2007). 
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The progression of periodontal disease is slow, and therefore studies require a long follow-up 

period to explore the history of its development and progression. However, most periodontal 

epidemiological studies (Beck et al. 1990; Costa et al. 2009; Elter et al. 2004; Holtfreter et al. 

2009; Slade & Spencer 1995) have only used cross-sectional study designs to focus on the 

prevalence, extent and severity of periodontal disease at a specific time, and are rarely 

followed up over a long-term period to observe the incidence and progression of periodontal 

disease. Moreover, these studies have used a variety of measures and lack a consensus and 

uniformity of clinical criteria to define chronic periodontitis cases. Consequently, the 

progression of periodontal disease cannot be fully understood because of the difficulty in 

interpreting and comparing different epidemiological studies (Leroy, Eaton & Savage 2010). 

 

1.1.2: Tooth loss  

Tooth loss is the ultimate endpoint of some oral diseases. Periodontal disease is one of the 

major causes of tooth loss. It is estimated that 13-35% of all tooth extractions have been 

attributed to periodontitis (Hull et al. 1997; Jovino-Silveira et al. 2005; Papapanou 1999). 

Tooth loss reduces the ability of chewing, causes masticatory dysfunction, and decreases the 

intake of nutrients which impact on the immune system, resulting in certain systemic diseases, 

and even death (Kandelman, Petersen & Ueda 2008). Tooth loss may also affect self-esteem 

and cause embarrassment (Petersen et al. 2005). In other words, the oral health-related quality 

of life, such as physical, psychological, and social relations, is significantly affected by tooth 

loss in older adults (Hugo et al. 2009). In addition, tooth loss can affect the measurement of 

the incidence and progression of chronic periodontitis, and result in biased reporting. 

However, few studies concentrate on this measurement issue. 

 

1.1.3: Systemic illness, cognitive and functional status in geriatric dental research 

Periodontal disease is associated with daily life conditions such as systemic health status, 

daily function and cognition. Large epidemiological studies (Al-Zahrani, Kayal & Bissada 

2006; Grossi et al. 1996; Joshipura, Ritchie & Douglass 2000; Meyer et al. 2008; Pablo et al. 

2009) have shown a relationship between periodontal disease and some systemic ill-health. 

These included diabetes mellitus, cardiovascular disease, osteoporosis, respiratory disease, 

obesity, cancer and renal disease. A few studies (Brown, Goryakin & Finlayson 2009; Kaye et 

al. 2010; Noble et al. 2009; Yu & Kuo 2008) have shown that functional limitations and 

cognitive impairment may be associated with periodontal disease. However, the relationship  
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between systemic ill-health, functional limitations and cognitive impairment with periodontal 

disease is not clear.  

 

This longitudinal observational research will focus on investigating the relationship between 

tooth loss and the progression of periodontal disease, developing methods of measuring the 

progression of periodontal disease that are less biased by concomitant tooth loss, and 

analysing the association of systemic ill-health, functional limitations and cognitive 

impairment with the incidence and progression of periodontal disease after adjusting for tooth 

loss. 

 

1.2: Purpose and significance of the study 

The purpose of this study was to explore the association between periodontal disease and 

daily life, such as systemic health status, functional limitation and cognitive impairment, in 

older adults with high levels of tooth loss during a long follow-up period. To achieve this aim, 

the definition and assessment of the incidence and progression of periodontal disease is the 

main focus of this research, because different periodontal case definitions may produce 

different or biased results that would affect the credibility of subsequent analyses. Therefore 

this research will explore an appropriate method for defining and assessing the incidence and 

progression of periodontal disease. The research will assess the effect of daily life conditions 

(including chronic diseases, functional limitation and cognitive impairment) on the incidence 

and progression of the periodontal disease. As these daily life conditions are relatively 

independent, they will be analysed separately in the following sections. 

 

The importance of periodontal disease to dental care and treatment could be increasing as the 

proportion of older adults in the population increases. It is important to understand the 

incidence and progression of periodontal disease and the role of age-related change in 

systemic health, function and cognition in the deterioration of periodontal health so as to 

better inform practices and guide public oral health policy on the oral health of older adult 

South Australians.  
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1.3: Thesis framework 

This chapter provides an overview of the study and the background of the research. 

Specifically, it describes the influence of tooth loss on the estimation of the incidence and 

progression of periodontal disease; the association between periodontal disease and daily life 

conditions; and the perspective of the research problems which led to this investigation.  

 

Chapter 2 presents the research aims (including objectives, hypotheses and research 

questions) and Chapter 3 provides the literature review. Chapter 4 details the study methods, 

including the study design, the data collection, and samples characteristics description. 

 

Chapters 5 to 8 provide the details of analyses (including the samples, application of 

statistical methods and the results from the analyses), the main findings and summaries which 

are related to the research questions.  

 

Detailed discussion of the major findings is presented in Chapter 9. This includes 

consideration of comparative studies to draw together the main findings, strengths and 

limitations of the research, and areas for further research. Finally, concluding statements 

addressing the main aims of the research are summarised in Chapter 10 of this thesis. 
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Chapter 2:  Research Aims 

This chapter presents the aims of this research and includes the specific objectives, the 

hypotheses, the rationale for conducting the study, and lastly, the research questions. 

 

2.1: Aims 

The aims of the research are: 1) to improve the measurement of the incidence and progression 

of periodontal disease in a population with a high level of tooth loss, and 2) to predict and 

evaluate the relationship between daily life conditions (such as systemic diseases, functional 

limitation, and cognitive impairment) and periodontal disease in a cohort of older South 

Australians. 

 

2.2: Objectives and hypotheses 

The key objectives of this research study are: 

1. To investigate the relationship between tooth loss and the incidence and progression of 

periodontal disease. 

2. To develop methods of measuring incidence and progression of periodontal disease 

that is less biased by concomitant tooth loss. 

3. To analyse the association of systemic ill-health, functional limitation and cognitive 

impairment with the incidence and progression of periodontal disease.  

 

These objectives led to the following hypotheses:  

Hypothesis 1: Measurements of the incidence and progression of periodontal disease are 

biased by tooth loss. 

Hypothesis 2: Systemic diseases are predictive of the incidence and progression of 

periodontal disease. 

Hypothesis 3: Functional limitation and/or cognitive impairment have direct effects on the 

incidence and progression of periodontal disease. 
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2.3: Rationale 

The older population has a high prevalence of periodontal disease. However, there have been 

few longitudinal studies of periodontal disease that focus on the older population. It is 

probable that tooth loss can bias the measurement of the incidence and progression of 

periodontal disease in longitudinal studies, as both tooth loss and periodontal disease are age-

related. Therefore, this is in sharper focus in research on periodontal disease in older adults. 

There is a need to develop less biased assessments of the incidence and progression of 

periodontal disease in older adults before aetiological relationships can be explored. The 

relationship between systemic ill-health, functional limitation and cognitive impairment and 

periodontal disease is not clear. This provided the rationale for this study. 

  

2.4: Research questions 

Question 1: How can the incidence and progression of periodontal disease in a population 

with a high level of tooth loss be measured accurately? 

Question 1.1: To what extent is the measurement of incidence and progression of 

periodontal disease biased by tooth loss?  

Question 1.2: Are there approaches to the measurement of the incidence and progression of 

periodontal disease which are less biased by tooth loss?  

Question 2: Does systemic ill-health predict the incidence and progression of periodontal 

disease? 

Question 3: Does functional limitation and/or cognitive impairment have direct effect on the 

incidence and progression of periodontal disease? 
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Chapter 3:  Literature Review 

The Literature Review in this chapter is focused on the epidemiology of the periodontal 

disease, the relationship of the periodontal disease with tooth loss, systemic health status and 

daily living conditions (such as functional and cognitive ability). This chapter also provides 

an overview of the relevant studies, theories and findings that contribute to this research in 

particular ways.  

 

3.1: Epidemiology of periodontal disease  

The epidemiology of periodontal disease is the study of the determinants of the occurrence 

and progression, and risk or causal factors, associated with the disease.  

 

3.1.1: Periodontal disease 

Periodontal diseases are diseases that affect one or more of the periodontal tissues, and have 

traditionally been divided into two categories: non-destructive (gingivitis) and destructive 

(periodontitis) periodontal disease (Armitage 2002). Periodontal disease is often more 

narrowly defined as chronic periodontitis, which is a very common destructive periodontal 

disease and is characterised by gingival recession and/or pocket formation. The prevalence of 

severe chronic periodontitis ranges from 5% to 15% of the world population (Burt 2005). 

According to the National Survey of Adult Oral Health (NSAOH) (2004-2006), 

approximately 20.5% and 2.4% of Australians have suffered from moderate and severe 

periodontitis, respectively (Slade, Spencer & Roberts-Thomson 2007).  

 

Chronic periodontitis is frequently experienced by older adults. In South Australia, there were 

more than 60% of adults aged 75 and over with periodontitis, compared with only 7% in the 

15-34 year age group in 2004 to 2006 (Slade, Spencer & Roberts-Thomson 2007). In a recent 

study (Holtfreter et al. 2009), it was reported that the prevalence of severe chronic 

periodontitis was estimated to be increasing with an increasing proportion of the ageing 

population retaining their teeth. The progression of chronic periodontitis is slow, and 

therefore requires a long follow-up period to explore the history of its development and 

progression. The incidence of chronic periodontitis in older adults has ranged from 33 to 63% 

in studies periods of 3 years or longer (Beck & Slade 1996; Holtfreter et al. 2009; Thomson et 

al. 2004). A few longitudinal studies (Loe et al. 1986; Machtei et al. 1997) have reported that  
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the average rate of clinical attachment loss ranged from 0.1mm (slow group) and 1.0mm 

(rapid group) annually. 

 

There are many risk factors associated with chronic periodontitis: chronic diseases; the lack of 

ability to perform daily life activities (including functional limitation and cognitive 

impairment); socio-economic status (SES); dental behaviours and other health-related 

behaviours (Genco & Borgnakke 2013). Chronic periodontitis, as a multifactorial disease, is 

not only associated with a series of systemic risk factors in the host, such as the immune 

system and the inflammatory response, but it is also affected by genetic and environmental 

risk factors (Kornman 2008; Page & Kornman 1997).  

 

3.1.2: Epidemiological studies of periodontal disease 

An epidemiological study of periodontal disease is a population study of health and disease, 

including the distribution and patterns, prevalence, extent and severity, and the progression of 

the disease. Analytical epidemiology investigates the prevalence and incidence, and the risk 

factor associated with periodontal disease, and quantifies the strength of associations. In 

addition, it estimates whether an association may be causal. The common population-based 

epidemiological study designs of periodontal disease are cross-sectional and longitudinal 

studies, which estimate prevalence and incidence at individual, teeth, and site levels.  

 

3.1.2.1: Case definition 

Defining a case is a fundamental pre-requisite of periodontal disease epidemiology. Several 

periodontitis case definitions have been applied in population-based studies. Generally, the 

diagnosis of chronic periodontitis is based on measuring one or more periodontal indicators, 

which describe the destruction of periodontal tissues related to periodontal disease.  

 

Beltran-Aguilar and colleagues (Beltran-Aguilar et al. 2012) considered a key methodological 

advance in the measurement of periodontitis which was made by assessing clinical attachment 

loss (CAL) as well as probing pocket depth (PPD), in addition to gingival inflammation. 

Previous and current studies (Hirotomi et al. 2002; Loe et al. 1986; Papapanou 1996; 

Ramfjord 1959; Thomson et al. 2004) estimated the CAL by measuring PPD and gingival 

recession (GR), or assessed the extent and pattern of alveolar bone loss by using radiographs 

to define a periodontitis case. Case definitions are very important because they not only affect  
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the accuracy and validity of research, but also affect the comparison of results from other 

studies. It is difficult to compare findings between studies without a standard of globally 

acceptable case definitions. However, current periodontal researchers have revealed a lack of 

a consensus and/or uniformity in a standard definition.  

 

Variations in selected quadrants for examination, threshold values of periodontal indicators, 

index teeth, and number of sites per tooth, have been used to define cases and express extent 

and severity of periodontitis in several studies (Beck, J.D. & Elter 2000; Costa et al. 2009; 

Elter et al. 1999; Hirotomi et al. 2002; Machtei et al. 1997; Thomson et al. 2004). The 

threshold value of periodontal indicators varied from 3-6mm for PPD and 2-6mm for CAL. 

The periodontal indicators have been measured on a varying number of sites, such as six, 

four, three, two or one site/s per tooth. Some studies examined fixed or index teeth, and others 

measured all teeth present in the partial and selected quadrants or full mouth. Kingman and 

Albandar (2002) compared the results of the prevalence of chronic periodontitis by using the 

different case definitions of periodontitis and found that partial mouth examinations led to an 

under-estimation of the prevalence and severity of periodontitis, while full mouth 

examinations recorded an increase in the prevalence. Meanwhile, the authors pointed out that 

the increased number of sites per tooth did not affect the prevalence value.  

 

There are three common criteria for the case definitions of periodontitis: 1) In 2001, the US 

National Centre for Health Statistics (NCHS) defined a case that has at least one PPD ≥ 4mm 

and CAL ≥ 3mm at same site (Arbes, Agustsdottir & Slade 2001); 2) In 2003, a case 

definition (Page & Eke 2007) was proposed by the American Association of Periodontology 

(AAP) and the Centres for Disease Control and Prevention (CDC), which use both CAL and 

PPD to define severe and moderate periodontitis. The authors argued that attachment loss 

sometimes can accompany non-inflammatory gingival recession and therefore CAL may 

overestimate the progression and severity of chronic periodontitis. The definition combined 

CAL and PPD, and demonstrated the threshold of the affected sites, which included: ‘(a) 

severe periodontitis is defined by ≥ 2 interproximal sites with CAL ≥ 4mm (not on same tooth) 

and ≥ 1 interproximal site with PPD ≥ 5mm; (b) moderate periodontitis is defined by ≥ 2 

interproximal sites with CAL ≥ 4mm (not on same tooth) or ≥ 2 interproximal site with PPD ≥ 

5mm (not on same tooth)’; 3) In 2005, the 5th European Workshop in Periodontology 

proposed two threshold level criteria (Leroy, Eaton & Savage 2010) for the case definition of  
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periodontitis. One of them is used to define a sensitive periodontitis case which is the 

presence of proximal attachment loss of ≥ 3mm in ≥ 2 non-adjacent teeth. The other threshold 

level is used to define a case with a substantial extent and severity of disease, which is the 

presence of proximal attachment loss of ≥ 5mm in ≥ 30% of teeth. Meanwhile, they proposed 

criteria for a case of periodontitis progression by the presence of ≥ 2 teeth with a longitudinal 

CAL ≥ 3mm or radiographic alveolar bone loss ≥ 2mm.  

 

3.1.2.2: Study designs 

There are three main types of analytic study designs for chronic periodontitis: cross-sectional, 

case-control and longitudinal cohort studies. 

 

 Cross-sectional studies 

A cross-sectional study is the most commonly used design to investigate the prevalence, 

extent and severity of disease, and the relationship between risk indicators and disease for a 

population-based survey at one time point. This type of study design reports the mean, 

assesses prevalence, and defines the extent and severity of periodontal disease. Numerous 

studies (Beck, J et al. 1990; Costa et al. 2009; Elter et al. 2004; Slade & Spencer 1995) have 

estimated the prevalence of chronic periodontitis by measuring periodontal indicators at 

individual tooth and site levels, and have evaluated the relationship between risk indicators 

and periodontal disease, using Odds Ratios (OR) or Prevalence Ratios (PR) and 95% 

confidence intervals (CIs) with a cross-sectional study design. These studies have shown 

variations in prevalence by sex, age, race and geographic location. In general, approximately 

80% of the world population has at least one or more sites with a CAL ≥ 3mm and 5-15% of 

the population suffer from severe chronic periodontal disease. The prevalence, extent and 

severity of CAL were higher in males than in females, and increased across age groups (Beck 

et al. 1990; Slade & Spencer 1995). 

 

These cross-sectional studies only explore current periodontal and dental status at the time of 

data collection, and do not reflect the process of change. They cannot explore the temporal 

relationship between risk factors, such as systemic ill-health, functional limitation and 

cognitive impairment, with periodontal disease and missing teeth. The particular relationships 

between these factors over a longer period of time are not clear.  
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 Case-control studies 

Case-control studies are used to identify risk factors in an outcome by comparing two groups. 

The case group includes people with the condition or disease and the control group consists of 

people do not have the condition or disease. For instance, Campus and colleagues (Campus et 

al. 2005) evaluated the association between diabetes in adults and periodontal disease by 

using a case-control study design, and found that people with diabetes have susceptibility for 

more severe periodontal disease. 

 

 Longitudinal cohort studies 

A longitudinal observational study is used to investigate the prevalence of same items at 

different time points, and the progression and incidence of disease over a long period of 

follow-up. Participants are followed over time to compare groups of individuals exposed to a 

putative risk factor with those who are not exposed. A longitudinal study may also be one 

which repeatedly measures or observes multiple variables. Therefore, the study design allows 

exploring the clinical history and progression of periodontal disease across the period of 

observing time, and reveals predictors of the disease. Longitudinal studies are considered to 

be the appropriate design for exploring the progression of periodontal disease at the person 

level, tooth level and site level. A few longitudinal studies (Loe et al. 1986; Machtei et al. 

1997; Thomson et al. 2004) of periodontal disease have estimated the progression by 

measuring change of CAL, which was computed by summing PPD and GR at each round of 

examinations. The incidence of chronic periodontitis has been defined as one or more sites 

with 3mm or more change in CAL over a follow-up period. The main issue of the longitudinal 

study is the substantial number of persons or teeth and sites lost during each follow-up 

interval, which leads to loss of information, resulting in uncertainty in the estimation of 

periodontal disease progression. 

 

One study (Elter et al. 1999) estimated the progression of periodontitis in a long-term follow-

up by calculating the incidence density. The incidence density is defined as the average 

number of new cases per person/tooth/site per unit of time. The authors investigated 540 

dentate subjects aged 65+ years old at baseline and then again in a 7-year follow-up period 

with four clinical periodontal examinations. The authors considered that the calculation of 

incidence density could allow the analysis of the data of all persons and sites present at the 

end of each follow-up interval, and did not limit the analysis to those present at the end of the  

 



 
Chapter 3: Literature review 

12 

 

 

study. In other words, using incidence density could permit a maximum use of information. 

Both case–control and cross-sectional studies are able to provide evidence regarding 

associations, but less evidence for causal inference because of their study design. Whereas 

longitudinal studies include temporal sequence by design and thus may infer causality, 

provided that all other criteria are satisfied. 

 

3.2: Tooth loss and the progression of periodontal disease 

Tooth loss associated with periodontal disease might affect the measurement of periodontal 

disease progression for the following reasons.  

 

3.2.1: Tooth loss 

Tooth loss is the ultimate endpoint of some oral diseases. Dental decay and periodontal 

disease are the two principal causes of tooth loss among adults. Cross-sectional studies (Hull 

et al. 1997) of periodontal disease reported a high prevalence of tooth loss. Jovino-Silveira 

(2005) reported that approximately 13.1% of tooth extractions in Brazil were because of 

periodontal disease. Hull et al. (1997) reported that 29% of tooth extractions in UK were due 

to periodontal disease, which was the primary reason for extraction after 50 years of age. 

Tooth loss affects the chewing ability of persons and therefore impacts on general health 

through the selection or avoidance of food, thus affecting nutrition and diet. Tooth loss could 

also impact on ill-health through the psychological dimensions of oral health-related quality 

of life. 

 

The rate of tooth loss is aged-related. The National Survey of Adults Oral Health (NSAOH) in 

2004-2006 showed that the average number of teeth lost in the Australian population with at 

least one natural tooth left was 6 (Slade, Spencer & Roberts-Thomson 2007). The number of 

missing teeth increased across age groups, with an average of 4, 5, 10 and 14 teeth in the 15-

34, 35-54, 55-74 and 75+ year-old age-groups respectively. 

 

Longitudinal studies indicate a high rate of ‘incident’ tooth loss among older adults, and 

observe that periodontal attachment loss is a major contributor to tooth loss. Gilbert et al. 

(2002) pointed out that the severity of CAL increased independently of the risk for tooth loss. 

Muller et al. (2007) reviewed 15 longitudinal studies and found that the annual incidence of 

people losing one or more teeth ranged from 1 to 14%. The mean number of missing teeth  
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was different ranging from 3 to 24 per 100 persons per year, even with an extreme value of 38 

teeth lost per 100 people per year being reported for a group of patients with periodontal 

disease. The proportion of missing teeth ranged from 0.1% to 28.5% at baseline (Muller, 

Naharro & Carlsson 2007).  

 

3.2.2: Tooth loss affects the measurement of the progression of periodontal disease 

Tooth loss can affect the measurement of the progression and the incidence of periodontitis. 

Beck et al. (2000) pointed out that incident tooth loss can bias attachment loss estimates. 

Gilbert et al. (2005) applied sensitivity analysis to estimate the effect of tooth loss on the 

measurement of the incidence of periodontitis under two extreme situations; Scenario 1, in 

which all lost teeth were assumed to have had CAL ≥ 7mm and Scenario 2, in which all lost 

teeth were assumed not to have experienced CAL during follow up. The Scenario 2 estimate 

of CAL was 22% and when the authors compared the results and found that if Scenario 1 

were true, then the person-level estimate of CAL would have increased from 22 to 27%. The 

27% estimate is an upper-bound estimate because, presumably, not all people would have had 

CAL, even though as a group, they were at a substantially increased risk for experiencing it.  

 

Since severe periodontitis is associated with tooth loss and the rates of tooth loss is notably 

higher among older adults, the longer the follow-up, and the older the subjects, the greater the 

likelihood of tooth loss (due to severe periodontitis) during a longitudinal study (Hand, Hunt 

& Kohout 1991). The particular issue is the loss of information on the periodontal status of 

teeth lost, which makes it difficult to estimate the progression of periodontal disease. The 

information on periodontal indicators, such as CAL and PPD would naturally be lost with the 

loss of the tooth, resulting in an under-estimation or inaccurate estimation of the progression 

and incidence of periodontitis at each follow-up point and across time. In other words, there is 

bias in the measurement. However, there has been limited research dealing with this 

measurement issue.  
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3.3: The relationship between systemic ill-health, functional limitation and 

cognitive impairment, and periodontal disease 

Both systemic ill-health (chronic diseases) and periodontal diseases belong to the realm of 

biology and are concerned with effects of pathological processes on the body. Periodontal 

diseases effects on systemic disease have been well considered (Al-Zahrani, Kayal & Bissada 

2006; Beck & Offenbacher 2005; Sfyroeras et al. 2012). However, the effects of systemic 

diseases on periodontal disease are less well known. 

 

3.3.1: Systemic ill-health  

Prior research has documented an associated between diabetes, cardiovascular diseases, 

osteoporosis, cancer, respiratory disease, obesity and periodontal disease. However, the 

mechanism for the possible relationship is unclear. Three of the well-known theories include 

the following: 

 The common susceptibility theory (Seymour et al. 2007) assumes that a person who is 

susceptible to developing periodontal disease, could also be susceptible to some 

systemic diseases. However, these systemic diseases are not necessarily due to 

periodontal disease. 

 The systemic inflammation theory assumes that the systemic inflammation and 

increased circulating cytokines, such as C-reactive protein (CRP) and inflammation 

mediators, could cause vascular endothelium damage and lead to the development of 

cardiovascular diseases. It has also been shown in the literature that chronic 

periodontitis is related to the increased level of CRP (Amar et al. 2003; Mercanoglu et 

al. 2004; Tonetti et al. 2007). 

 The infection theory states that oral organisms directly invade the blood vessels and 

lead to endothelial dysfunction and inflammation. This may result in systemic disease 

(Ford et al. 2005). 

 

The following discussions are about the relationship between several main systemic illnesses 

and periodontal diseases based on published studies. 
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3.3.1.1: Diabetes mellitus 

Diabetes mellitus is a chronic metabolic disorder where a person has hyperglycaemia and 

insulin deficiency. Several epidemiological studies have shown that there could been a 

relationship between diabetes mellitus and chronic periodontitis (Nelson et al. 1990; Noack et 

al. 2000; Shlossman et al. 1990). Demmer (2008) indicated that severe chronic periodontitis is 

often accompanied by uncontrolled diabetes. In one study, Loe (1993) suggested that diabetes 

was a risk factor for developing chronic periodontitis. After adjusting for related confounders, 

it was also proposed that periodontal disease is one of the complications of diabetes. Another 

study (Choi et al. 2011) pointed out that the presence of chronic periodontitis could increase 

the risk of diabetes. A possible mechanism (Kiran et al. 2005) involves gingival fibroblast 

synthesis which is impaired under the hyperglycaemia status, and, as a result, leads to loss of 

periodontal fibres, even alveolar bone. In turn, systemic inflammation may be increased by 

periodontal infection, leading to a chronic state of insulin resistance. This results in a cycle of 

hyperglycaemia and binding accumulation of the advanced glycation end-product-protein. A  

recent population-based study of 12,254 people (Choi et al. 2011), evaluated the relationship 

among chronic periodontitis, impaired fasting glucose (IFG) and diabetes in people aged 20 

years and over in the U.S. Their results showed a positive association between chronic 

periodontitis and IFG and diabetes in a dose-dependent manner among non-institutionalised 

U.S. adults after adjusting for potential confounders. A two-decade follow-up study 

(Demmer, Jacobs & Desvarieux 2008) investigated the relationship between periodontal 

disease, tooth loss and the risk of diabetes in a diabetes free cohort of 7,168 of 25-74 year olds 

at baseline. The research found that the dentate participants with a high level of tooth loss 

were 1.7 times more likely to have diabetes, compared with those with minimal tooth loss. 

 

3.3.1.2: Cardiovascular disease 

Cardiovascular diseases (CVD) include heart diseases or blood vessel diseases. Several 

studies have investigated the correlation between CVD and periodontal disease (Amar et al. 

2003; Buhlin et al. 2002; Dorfer et al. 2004; Lowe et al. 2003; Persson et al. 2003). The 

evidence pointed to a significant positive association between CVD and periodontal disease, 

even after confounder adjustments. A review of 42 published relevant epidemiologic studies 

on the association of CVD and periodontal disease pointed out that the OR was under 2.0 in 

the majority of cross-sectional and longitudinal studies which produced the significant 

positive results (Beck & Offenbacher 2005). The study indicated that the association between  
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CVD and periodontal disease in these studies would likely be between low and moderate 

levels. However, these studies used self-reported measures of exposure to periodontal disease 

and can be problematic if the response options are ‘Yes’ or ‘No’. Therefore, it is hard to 

quantify the extent of periodontal disease present. Another issue is the outcome that concerns 

different combinations of CVDs. For instance, coronary heart disease (CHD), fatal CHD, 

stroke, myocardial infarction (MI), silent MI or hospitalisation for CHD, that result in a 

varying prevalence or incidence rate of CVDs, which it is difficult to know how periodontal 

disease may affect these CVDs. 

 

3.3.1.3: Respiratory infections 

Respiratory infections are generally considered as a respiratory system disease. For example, 

pneumonia and chronic obstructive pulmonary disease (COPD), as two of the main 

respiratory system diseases, are associated with an abnormal inflammatory response of the 

lungs to inhaled noxious particles or gases, and are a major cause of morbidity and mortality 

in the world (Rabe et al. 2007). Several cross-sectional epidemiological studies have indicated 

that there was a potential correlation between periodontal disease, pneumonia and COPD. The 

majority of these studies (Fourrier et al. 1998; Scannapieco & Mylotte 1996; Scannapieco, 

Stewart & Mylotte 1992) evaluated the effects of periodontal health on COPD. However, only 

one study (Oztekin et al. 2013) estimated the effects of COPD on periodontal disease. After 

measuring a series of inflammatory markers from the gingival crevicular fluid (GCF) and 

serum, this study found that the COPD patients with periodontitis had a higher level of 

especially high-sensitive C-reactive protein (hs-CRP), interleukin-1 beta (IL-lβ), and 

prostaglandin-E2 (PGE2) in GCF, as well as higher serum hs-CRP levels compared to those 

without COPD. Increased levels of these inflammatory markers in the COPD patients with 

periodontitis may be a reflection of systemic inflammation in COPD. Further studies are 

needed to understand if either the host response, or oral health behaviours of COPD patients 

are responsible for the inflammatory change of periodontal tissues. 
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3.3.1.4: Osteoporosis 

Osteoporosis is a skeletal disorder characterised by a reduced bone density. Several cross-

sectional studies have assessed the association between osteoporosis and periodontal disease 

and suggested that the reduction of mineral density of bone is not a causal, but a shared risk 

factor, for periodontitis (Bollen et al. 2004; Gur et al. 2003; Hughes et al. 2006; Kawai et al. 

2006; Megson, Kapellas & Bartold 2010; Orrico et al. 2007). Therefore, longitudinal studies 

are required to fully demonstrate what, if any, relationship truly exists between periodontitis 

and reduced bone mineral density.  

 

3.3.1.5: Rheumatoid arthritis  

Rheumatoid arthritis (RA) is an autoimmune disease that causes pain and inflammation of the 

joints, and affects other parts of the body at the same time. An estimated 57% of people with 

rheumatoid arthritis were women (Kaber et al. 1997). The inflammation caused by 

rheumatoid arthritis can damage the joints particularly if there is no treatment applied, and 

results in the restriction of joint activity and functional limitation. People with longstanding 

RA may have substantial periodontal disease and loss of alveolar bone and teeth (Tolo & 

Jorkjed 1990).  

 

3.3.1.6: Other systemic diseases 

 Cancer 

Cancer is considered a serious disease in which cells in a person’s body increase rapidly in an 

uncontrolled way, producing abnormal growths, damaging nearby tissues in terms of 

malignant growth or tumour. These uncontrolled growth cells metastasize and spread to other 

parts of the human body through the blood stream or the lymphatic system. Recently, several 

relevant studies assessed the relationship between some specific types of cancers and 

periodontal disease and suggested that the secondary product of periodontal disease, such as 

carcinogenic metabolite, might be acknowledged as the association between periodontal 

disease and cancers (Hiraki et al. 2008; Levi et al. 2005; Michaud et al. 2008; Tezal et al. 

2007). Fitzpatrick et al. (2010) reviewed numerous studies looking for these associations. 

They showed that there was a significant association between periodontal disease and oral 

cancer. There was also a positive association between periodontal disease and pancreatic 

cancer. 
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 Obesity 

Obesity is defined as excess body fat accumulation that represents a risk to general health. 

The World Health Organization defines people as obese when the Body Mass Index (BMI) is 

greater than 30 kg/m2. A systematic review (Suvan et al. 2011) investigated 33 publications 

on the association between obesity and periodontitis, and the meta-analyses showed that there 

was a statistically significant correlation between periodontitis and BMI category, and the 

ORs were 1.8 (95%CI: 1.42-2.3), 1.27 (95%CI: 1.06-1.51) and 2.3 (95% CI: 1.40-3.26) for 

obese, overweight and obese, and overweight combined categories, respectively, although the 

strength of the association did not show a clear gradient with increasing BMI category.  

 

3.3.2: Functional limitation 

Functional limitation means people have restrictions in the fundamental physical or mental 

activities of daily living. These include walking, dressing, bathing, eating, getting up and 

sitting down, using the toilet and managing their finances. Restrictions mean that those 

activities cannot be performed by the people themselves, but with the need of equipment or 

assistance from others (e.g. carers).  Based on the model developed by Verbrugge and Jette 

(1994), functional limitation is a forerunner of disability. People, who had functional 

limitation which developed to a disability, will have difficultly conducting daily activities 

including self-care, household functions and advanced physical activities. Functional ability 

will slow down with ageing. In other words, people will experience more functional limitation 

as they move into older adulthood.  

 

Functional limitation can result from the following conditions: 1) Chronic diseases which may 

cause functional limitation, such as COPD, CVD, hearing and visual problems. A study 

(Salive et al. 1994) found that participants with severe visual impairment had three-fold 

higher odds of incident functional decline as compared to those with a visual acuity of 20/40 

or better. The more chronic diseases they have, the more limitation in daily activities they 

acquire. This will result in more household services being needed for people who are 65 years 

and older (Lawton 1971); 2) Smoking status, where current smoking was more strongly 

associated with functional status decline, as compared to previous smoking (Branch 1985; 

House et al. 1994); 3) Both high and low BMI was associated with functional status decline; 

that is, nutrition-related weight loss increased the risk for functional status decline (Launer et 

al. 1994);  
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4) Lack of physical activity was associated with increased risk for functional ability decline 

(Seeman et al. 1995); and 5) social factors (Stuck et al. 1999). Moritz et al. (1995) found that 

social isolation and lack of participation in social activities were associated with incident 

limitation in activities of daily living, and suggested that maintaining an active lifestyle may 

help to postpone functional decline after accounting for cognitive functioning. 

 

Functional limitation may also affect oral hygiene and certain dental behaviours. For example, 

people with bone fractures, could be limited in their ability to walk to the bathroom and clean 

their teeth. Those with cognitive disabilities may forget or refuse to brush their teeth or attend 

for dental check-ups. People suffering from rheumatoid arthritis (RA) have functional 

impairment of the hands which might hamper the capacity to achieve adequate oral hygiene 

(Kaber et al. 1997).  

 

It appears that daily life functional limitation might be associated with periodontal disease. 

Brown et al. (2009) showed that elderly men with two or more body functional limitation 

were 30% more likely to need periodontal treatment, compared with the men who had less 

than two body functional limitation. Moreover, this study also indicated that elderly women 

with two or more body functional limitation were 40% less likely to access dental services, 

compared with the women with less than two body functional limitation. It should be noted 

that this result may not mean that elderly women did not have periodontal diseases, but rather 

that they could not access dental services because of their functional limitation. Does this 

imply that periodontal disease may result partly from functional limitation, in other words, 

functional limitation may cause periodontal disease? 

 

Although there is a lack of a uniform definition of functional limitation (Wiener et al., 1990), 

the common usage of functional assessment of older people was the Instrumental Activities of 

Daily Living (IADL) scale (Lawton 1971; Lawton & Brody 1969). This scale is considered 

the most useful in identifying how a person is functioning at the present time, and for 

identifying improvement or deterioration over time (Fulcomer, & Kleban, 2003). IADL 

assesses older people from eight domains of function in relation to 1) the ability to use the 

telephone 2) shopping 3) food preparation 4) housekeeping 5) laundry 6) mode of 

transportation 7) responsibility for their own medications and 8) ability to manage finances. 

Using the IADL scale, a score of 1 for each item is given if his/her competence is rated at  
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some minimal level or higher, otherwise it is recorded as zero. A summary score ranges from 

0 (low function, dependent) to 8 (high function, independent).  

 

3.3.3: Cognitive impairment 

Cognitive function is the process of thinking, remembering, learning new information, 

speaking and reading comprehension. The capacity of cognitive function starts to develop at 

birth. The best time for learning and remembering new things is generally considered to be in 

infancy and childhood. This capacity, however, slows down little by little with ageing, and 

can result in cognitive impairment such as loss of memory or trouble speaking and writing.  

 

Cognitive impairment might also be associated with some diseases. A few cross-sectional 

studies in several countries investigated the relationship between cognitive impairment and 

periodontal disease using a variety of cognitive function tests to analyse nationally 

representative data. Yu et al. (2008) pointed out that cognitive impairment was a significant 

risk factor for the incidence of periodontal disease in non-institutionalised older adults.  

 

Normal daily activities, such as oral hygiene and oral health care, could be disrupted due to 

declining cognitive function. Noble et al. (2009) stated in their study that a person would be 

inattentive to oral health maintenance and oral hygiene with the progression of cognitive 

impairment.  

 

Severe periodontitis is likely to be associated with tooth loss which would affect the ability to 

chew and may change dietary habits, such as eating softer foods, and hence potentially 

affecting the nutritional content derived from food. Kaye et al. (2010) reported that a lack of 

several vitamins, including vitamin B, has been related to cognitive impairment, and tooth 

loss has reduced the ability to eat recommended levels of many foods for their nutrients.  

 

Periodontal disease is considered a common source of chronic infection and is associated with 

raised tissue and serum levels of pro-inflammatory cytokines, which, in themselves, have 

been implicated as possible risk factors for neuro-degeneration and cognitive decline. 

However, a cross-sectional study design cannot infer a causal relationship between cognitive 

impairment and periodontal disease (Kaye et al. 2010). In other words, a causal relationship is 

not supported by cross-sectional surveys, and would need a long time period follow-up to 

explore the influence or causal relationship. 
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It appears that there is a possible relationship between daily life conditions and periodontal 

disease. However, a causal association between systemic ill-health, functional limitation and 

cognitive impairment with periodontal disease is still unproven, except for periodontal disease 

and diabetes where they interact as having both a cause and effect. Beck et al (2005) pointed 

out that most studies defined periodontal disease as an exposure for daily life conditions, but 

so far the nature of the relationship is not distinct. To be clear about the relationship, the 

adjustment for tooth loss might be necessary.  

 

The common methods for evaluating cognitive impairment and/or dementia in older adult 

include the Mini-Mental State Examination (MMSE) (Folstein, Folstein & McHugh 1975) 

and the Clock-Drawing Test (CDT) (Tuokko et al. 1992b). The Mini-Mental State 

Examination (MMSE) is a brief, quantitative measure of cognitive status in adults. It can be 

used to screen for cognitive impairment, to estimate the severity of cognitive impairment at a 

given point in time, to follow the course of cognitive changes in an individual over time, and 

to document an individual's response to treatment. It has a total score of 30, and a score of less 

than 26, could indicate having mild to severe dementia. The Clock Drawing Test (CDT) is 

applied to assess differing cognitive functions, and is a useful tool for screening for cognitive 

impairment. The instructions of this screening includes drawing a clock face first and then 

putting in all the numbers, before setting the hands at ‘ten past eleven’ or ‘quarter to three’ 

(11:10 or 2:45). CDT is rated on a ten-point scale. If the score is less than 5, it means that the 

numbers and/or the hand placement are grossly impaired and implies cognitive impairment. In 

community-based sampling it has a sensitivity of 83% and a specificity of 72% for cognitive 

impairment (Libon et al. 1993). The Global Deterioration Scale (GDS) (Reisberg et al. 1982) 

assesses the degree of severity of dementia disorders after dementia has been diagnosed. 

There are seven items/categories which range from independent (subjectively and objectively 

normal) and then deteriorating to dependent (incontinent, verbal activities lost, needing 

nursing home care).  
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3.3.4: Other factors associated with periodontal disease 

3.3.4.1: Smoking 

Smoking is a very common risk factor of many chronic diseases, such as cancers, diabetes 

and CVD, as well as periodontal disease. Smoking was considered the major independent risk 

factor in the prevalence, extent, and severity of periodontal diseases (Bergstrom & Bostrom 

2001; Genco & Borgnakke 2013). Some studies (Grossi et al. 1995; Han, Lim & Kim 2012) 

have shown that smoking has a positive dose-response association with periodontal disease 

and that smoking cessation would reduce the progression of alveolar bone loss. Although the 

pathogenic mechanisms were not clear, a possible plausible biological mechanism is the host 

response to nicotine which leads to periodontal bone tissue destruction. There are more than 

4,000 reported toxic substances in cigarette smoke, such as carbon monoxide, oxidizing 

radicals, nitrosamine and nicotine. 

 

Several studies (Morozumi et al. 2004; Zambon et al. 1996) have shown that low doses of 

nicotine could lead to peripheral vasoconstriction, which on the one hand could reduce 

gingival bleeding and gingivitis, whilst on the other hand oxygen tension in the periodontal 

pockets would reduce, and therefore cause an overgrowth of specific periodontal pathogens-

anaerobes such as P. gingivalis and T. denticola. Smokers had a higher prevalence of bacterial 

species related to periodontal disease compared to non-smokers (Kazor, Taylor & Loesche 

1999; Zambon et al. 1996). 

 

There is evidence of an increased level of tumour necrosis factor-α (TNF-α) found in the 

gingival crevicular fluid of smokers that may contribute to connective tissue and periodontal 

bone destruction (Bostrom, Linder & Bergstrotn 1998). Several studies show that the levels of 

interleukin-1b in gingival crevicular fluid are reduced in periodontally diseased sites in 

smokers, but are enhanced in smokers who are periodontally healthy. This raises the 

possibility of an imbalance in cytokine production which may affect the pathogenesis of 

periodontal disease in smokers. 
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Surgical and nonsurgical periodontal therapy is affected by smoking status (Jin et al. 2000) 

and smoking cessation is beneficial to healing following periodontal treatment. The 

progression of alveolar bone loss, in people who quit smoking, was significantly reduced 

compared with continuing smokers, as shown in Genco and Borgnakke’s (Genco & 

Borgnakke 2013) review citing research by Bolin et al. (1993). Patel and colleagues’ review 

(Patel, Wilson & Palmer 2012) indicated that smoking reduced periodontal bone regeneration 

after periodontal treatment.  

 

In an animal experiment it was shown that passive smoking maybe also associated with a 

greater risk factor for the progression of periodontal disease (César Neto et al. 2004). 

 

3.3.4.2: Dental care behaviours 

Dental care behaviours, including oral hygiene behaviours (such as brushing and/or flossing 

the teeth) and seeking dental service (dental visiting), were associated with periodontal 

diseases.  

 

 Oral hygiene behaviours 

Good oral hygiene habits are important to combat periodontal diseases. The accumulation of 

dental plaque is considered as a main etiological factor for the loss of periodontal attachment 

and bone support (Lang, Farghaly & Ronis 1994). Hence, the removal of dental plaque would 

be an effective way to help preventing periodontal diseases. In other words, the periodontal 

health status was positively related to dental care behaviours (such as frequencies of teeth 

brushing and flossing).  

 

 Dental visiting 

In general, irregular dental visiting has a negative impact on oral health. Broadbent (2011) 

study has shown that people, who had poor oral health (dental caries, periodontal disease or 

tooth loss) and irregular dental visiting, was six times higher than those who had regular 

dental visiting for a check-up. 
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3.3.4.3: Socio-economic status  

Socio-economic status (SES), including education attainment, occupational status and/or 

income level, was associated with the periodontal status (Lee & Han 2015). People with high 

level SES would have better periodontal health than those with low level SES (Sabbah et al. 

2007). In addition, the socioeconomic disadvantage limits access to dental service and in turn 

leads to the large social inequalities in oral health (Ghorbani & Peres 2015). 
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Chapter 4:  Study methods 

This chapter presents the methodology of this study. It introduces the data sources, including 

the ethical considerations in these collections, the study design and the process of the data 

collection. Furthermore, the details of the sample characteristics, the conceptual framework 

and the plan of data analyses are also described.  

 

4.1: Data source 

The data source was the South Australian Longitudinal Dental Study (SALDS) database 

(Slade & Spencer 1995), which was a funded project, aiming to provide oral epidemiological 

data describing oral health and disease among older adults in South Australia.  

 

4.1.1: Study design 

SALDS was a longitudinal cohort study. In 1991-92 (baseline), a cohort of non-

institutionalised person aged 60+ years was selected randomly from the South Australian arm 

of this study. Dentate persons consented to an interview, completing a self-report 

Questionnaire and having an oral epidemiologic examination at baseline. These were repeated 

at 2, 5 and 11 years later. 

 

4.1.2: Ethics approval 

Ethics approval for SADLS was received from the University of Adelaide’s Committee of the 

Ethics of Human Experimentation at the University of Adelaide for SADLS. After ethics 

approval was obtained from the Committee on the Ethics of Human Experimentation at the 

University of Adelaide and the Australian Institute of Health and Welfare’s Human Ethics 

Committee, the South Australian Government’s Privacy Committee separately reviewed and 

approved the use of the State Electoral Roll for the study. No ethical approval was required 

for this secondary analysis of existing data.  

 

4.1.3: Data collection 

Data collection started in 1991 following the receipt of ethics approval. This involved the 

recruitment of 4,857 eligible 60+ year old, non-institutionalised South Australians randomly 

selected from Adelaide and Mount Gambier. Eligible persons completed a face-to-face 

interview and an oral epidemiological examination was conducted on the dentate sample (see 

Figure 1 for data collection flow chart).  
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Figure 1: Flow chart of data collection at baseline (1991-1992) 

 

 

 

 

 

 

Recruitments (1991-1992) 

 

 4,857 eligible 60+ year-old, non-

institutionalised Australians were selected 

randomly from the South Australia two 

cities: Adelaide and Mt. Gambier 

 2,751 eligible for interview 

 

 

 

 

Ethics approval  

 The University of Adelaide 

Face-to-face interview (1991-1992) 

 

 1,650 completed interview 

− 1,205 dentate people 

− 445 edentulous people 

 

Oral epidemiological examination (1991-1992) 

 

 801 completed periodontal examination 
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4.1.3.1: Data collection at baseline (1991-1992) 

A specific sampling design was followed to obtain a sufficient number of dentate persons in 

age- and sex-strata. The sampling stratifying increased the recruitment and participation rate 

in the strata to reduce potential bias due to lost to follow-up 2, 5, and 11 years later.  

 

4.1.3.1.1 Sampling procedures 

 Sample strata 

In 1991, a stratified random sample of non-institutionalised people aged 60 or over, residing 

in two South Australian cities, namely the state capital city of Adelaide and the regional city 

of Mount Gambier, were selected from the South Australian State Electoral Database. This 

database is a compulsory register for Australian citizens aged 18+ years living in non-

institutionalised abodes. The database includes the name, age and their residential address.  

 

The purpose of the sampling design was to obtain sufficient numbers of dentate persons in 

age and sex-strata, and increase the rate of participation. A sampling frame was created and 

24 strata were defined: 18 of the strata in Adelaide (3 age-strata, 2 sex-strata and 3 distance-

strata) and 6 of the strata in Mount Gambier (3 age-strata and 2 sex-strata). Age-strata were 

defined as 60-64 years (the youngest birth cohort was 1927-1931), 65-74 years (the middle 

birth cohort was 1926-1917) and 75+ years (the oldest birth cohort was before 1917). Sex-

strata identified males and females. The three distance strata referred to the geographic 

distance from the centroid of each collector’s district (CD) to one of three dental clinics used 

for oral examinations. The purpose of the stratification was to select an approximately 

equivalent number of people in six groups defined by sex and age. For each stratum, people 

who were residents in nursing homes or hospitals were excluded. A random sample was 

selected with a defined probability. Dentate people (defined as having at least one natural 

tooth) were oversampled. In Adelaide, 50% in age 75+ years, 20% in age 65-74 years and 

none in age 60-64 of edentulous persons were excluded. In Mount Gambier, only dentate 

persons were included. 
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 Sample size 

The sample size was calculated by using standard formulae (Meienert & Tonascia, 1986) to 

allow sufficient numbers and groups to detect hypothesised group differences in prevalence of 

30% and 40% with a Type I error of 5%; a Type II error of 20%; and non-equivalent group 

sizes of up to 40%. A correction factor of 1.1 was used to increase the sample size by 10% to 

allow for the ‘design effect’ (Slade & Spencer 1994). 

 

 Recruitment and participation rate 

Since SADLS was a longitudinal study design, the baseline sample size considered an 

attrition effect to ensure that sufficient participants would be retained, and reduce potential 

bias due to lost to follow-up (Slade 1993). An average of 90% and 75% participant rate for 

interviews and examinations was expected at 2 and 5 years respectively. This level of 

participants would ensure a sufficient number of dentate participants at the 5-year follow-up 

to examine the most critical differences, which were in the rate of periodontal attachment loss 

(Slade & Spencer 1990). The expected retention rate was therefore regarded to be sufficient 

for examining the incidence and progression of periodontal disease in the present study. 

However, it should be noted that the question of examining sub-groups, for instance those 

with or without chronic diseases, functional limitation and cognitive impairment, did not arise 

at the planning stage of SADLS. It should be noted that the sampled voter who had died, 

moved, or out of scope for the age-range criterion (for instance, a 64-year-old at the time of 

sampling could turn 65 before the initial contact) was ineligible for selection; or more than 

one person satisfied the criteria (for example, brother or sister of similar age), then the later 

birthday was not selected as the target person.  

 

4.1.3.1.2. Recruitment and interviews  

Selected people were notified by letter, and a trained interviewer visited each person’s address 

to advise them about the study and to encourage their participation. People who agreed to 

participate received a face-to-face interview that was conducted by a trained interviewer after 

the participants were selected. The interview contained a series of questions about dental 

health, use of dental services, general health conditions and health–related behaviours such as 

smoking status, and daily living activities such as household services used, social economic 

status and social demographic characteristics (see Appendix 1). 
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 Socio-demographic characteristics 

Participants’ socio-demographic information was obtained by answering the relevant section 

of the Questionnaire during the interview, which included sex (female or male), year of birth 

(before 1932), highest educational attainment (education level: secondary, trade to diploma 

degrees or tertiary), employment status (yes or no) and household income yearly.  

 

 Dental behaviours 

Dental behaviours data were obtained from the questions: 1): Oral hygiene: ‘How often do 

you brush / floss your teeth (excluding dentures)?’ for which seven response options were 

provided: i) Twice a day or more, ii) Once a day, iii) Four to six times a week, iv) Once to 

three times a week, v) Less than once a week, vi) Intermittent or hardly ever, and vii) Never.  

2): Dental services use: ‘How long ago did you see a dental professional about your teeth, 

dentures or gums?’ for which six response options were provided: i) 12 months or less; ii) 12 

months to 2 years, iii) More than 2 years to 5 years, iv) More than 5 years to 10 years, v) 

More than 10 years, vi) Never. 3): Dental visiting pattern: ‘Would you say that you visit the 

dentist on a regular basis or do you only go when you are in discomfort or when you need 

something fixed?’ for which three response options were provided: i) Regular basis, ii) When 

in discomfort, or iii) Something needs to be fixed.  

 

 General health condition and health-related behaviours 

General health conditions were gained from questions: ‘Has a doctor told you that you have: 

asthma, chronic bronchitis or emphysema (COPD), hypertension (or high blood pressure), a 

heart condition or heart attack, a stroke or a small stroke (TIA), diabetes, arthritis, cataracts, 

osteoporosis or hip fracture, a cancer or malignancy?’ and there were two response options 

‘Yes’ or ‘No’. In addition, participants were also asked about their smoking status: ‘Do you 

smoke cigarettes (exclude pipes or cigars)?’ If the answer was ‘No’, then the following 

question was asked: ‘Have you ever smoked cigarettes regularly?’  Therefore, a set of three 

smoking status outcome: ‘current’, ‘previous’ or ‘never smoked’ was generated. 
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 Functional limitation 

Functional status was assessed by asking two questions: 1) ‘Do you use any of the following 

home services?’ The six items of home services were: i) home help, ii) nursing, iii) therapy, 

iv) respite care, v) delivered meals and vi) maintenance, and the answer was ‘Yes’ or ‘No’. 2) 

‘Can you go somewhere away from home, such as to the shop, without help?’ for which there 

were three response to choose: ‘Yes’, ‘No’, or ‘Does not leave house’. 

 

4.1.3.1.3. Oral epidemiological examination  

The oral epidemiological examination was conducted by a trained dentist who had undergone 

prior calibration (Slade & Spencer 1995). The examination protocol was the same as the U.S. 

National Institute of Dental Research survey of employed adults and seniors (National 

Institute of Dental Researeh 1987). All teeth present in the mouth, including third molars, 

were assessed.  

 

 Periodontal assessment 

For the periodontal assessment, gingival recession (GR) and probing pocket depth (PPD) 

measurements were taken at three sites of each tooth present; mesio-buccal, mid-buccal, and 

disto-lingual. Measurements were rounded to the nearest whole millimetre at the time of 

recording, and clinical attachment level (CAL) as the sum of GR and PPD was computed 

during data analysis.   

 

 Inter-examiner reliability assessments 

Inter-examiner reliability was evaluated through replicated measurements by the four 

examiners on 28 participants, yielding 1,145 periodontal sites which were measured twice at 

baseline. Intra-class correlation coefficients for the periodontal measurements were 0.46 for 

mean PPD, 0.92 for mean GR and 0.84 for mean CAL. Of the 1,145 replicated pairs, 97.8% 

were within plus or minus 2mm, and the remaining (2.2%) differed by 3+mm (Slade & 

Spencer 1995). These finding influenced the threshold for CAL change chosen at 3+mm for 

the present study. This threshold indicated a true CAL progression, rather than an observed 

change due to measurement error.  
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4.1.3.2: Data collection at 2 year follow-up (1993-1994) 

Dentate participants who had an oral epidemiological examination at baseline were re-

contacted 2 years later (Slade, Gansky & Spencer 1997). A telephone interview or a mailed 

Questionnaire with 54-question was completed by a trained interviewer. General health 

conditions were gained from question: ‘Since we last talked to you, has a doctor told to you 

that you have: asthma, chronic bronchitis or emphysema (COPD), hypertension (or high 

blood pressure), a heart condition or heart attack, a stroke or a small stroke (TIA), diabetes, 

arthritis, cataracts, osteoporosis or hip fracture, a cancer or malignancy?’ (See Appendix 2) 

An oral examination was conducted by the same examiner at baseline if the participant still 

had some natural teeth. 

 

4.1.3.3: Data collection at 5 year follow-up (1996-1997) 

Dentate participants who had an oral examination at baseline and 2 years were re-contacted 5 

years later (Thomson 1999; Thomson et al. 2004). A face-to-face or telephone interview was 

conducted prior to the oral epidemiological examinations by the dentist examiners. At the 5-

year follow-up, cognitive status questions were added as part of the interview. Participants 

were asked ‘Has a doctor told you that you have dementia or Alzheimer’s disease?’ (See 

Appendix 3) and the answer was ‘Yes’ or ‘No’. Clock-Drawing Test (CDT) (Tuokko et al. 

1992a) was introduced at the examination (see Appendix 7) to assess cognitive status with 

scores ranging from 0 to 10. 

 

4.1.3.4: Data collection at 11 year follow-up (2002-2003) 

Participants who had an oral examination at baseline, 2 and/or 5 years, were re-contacted 

again 11 years later. A telephone interview and oral epidemiological examination were 

separately conducted by a trained interviewer, and a dentist examiner (see Appendix 4). 
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4.1.4: Samples for the study 

A total of 4,857 adults aged 60+ years were selected randomly from South Australian citizens 

registered on the Electoral Commission’s database, yielding 2,751 older adults who were 

eligible to be interviewed; 1,650 of them completed the face-to-face interview. A total of 

1,205 interviewed participants were dentate and 801 of them took part in a periodontal 

examination (see Figure 1). The numbers of participants reduced to 596 (including 12 

edentulous persons), 365 (including 6 edentulous persons) and 234 (including 6 edentulous 

persons) people who were involved and had a periodontal examination at the 2, 5 and 11 year 

follow ups, respectively (see Figure 2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Samples for the study 

 

 

Final data from SADLS included: social-demographic characteristics, general health 

conditions, functional and cognitive status, dental and health-related behaviours, and teeth 

present and periodontal status. The results of the Questionnaires and clinical examinations 

were transferred to a database for this present study. In order to summarise for the reader the 

samples used in the analyses, and set the scene for the studies following (Chapters 5 to 8), 

samples characteristics by the time of data collection are presented in Table 1 to Table 5. 

 

 

 

Baseline (1991-1992)    n=801 

2 years (1993-1994)    n=596 

5 years (1996-1997)    n=365 

11 years (2002-2003)    n=234 

Interviews 

 Social demographic 

characteristics 

 General health 

conditions 

 Functional status 

 Dental behaviours 

 Other health-related 

behaviours 

 Cognitive status 

(started at 5 years 

follow-up) 

 

 

 

Periodontal 

examination 

 
 Gingival recession 

(GR) 

 Probing pocket 

depth (PPD) 

 Clinical attachment 

level (CAL)        

   CAL=GR+PPD 

 At three sites on all 

teeth:  

− Mesio-buccal 

− Mid-buccal 

− Disto-lingual 
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Table 1: Samples socio-demographic characteristics for the study 

  
          Baseline 

(1991-1992) 
     2 Years 

(1993-1994) 
      5 Years 

(1996-1997) 
   11 years 

(2002-2003) 

  Number (%) 

Sex  

 Female  322 (40.2) 236 (39.6) 151 (41.4) 106 (45.3) 

 Male  479 (59.8) 360 (60.4) 214 (58.6) 128 (54.7) 

Birth cohort (years) 

 Before 1917 251 (31.3) 170 (28.5) 73 (20.0) 29 (12.4) 

 1917-26 344 (43.0) 260 (43.6) 178 (48.8) 120 (51.3) 

 1927-31 206 (25.7) 166 (27.9) 114 (31.2) 85 (36.3) 

Education level 

 Tertiary 74 (9.3) 57 (9.6) 36 (9.9) 24 (10.3) 

 Trade to diploma  271 (33.9) 205 (34.5) 138 (37.9) 91 (38.9) 

 Secondary 455 (56.9) 333 (56.0) 190 (52.2) 119 (50.9) 

Employed status 

 Yes 81 (12.2) 46 (8.0) 25 (6.9) 9 (4.3) 

 No 584 (87.8) 529 (92.0) 338 (93.1) 201 (95.7) 

Household income (yearly) 

 ≥ $21k 58 (7.7) - 25 (7.3) 24 (11.8) 

 < $21k 695 (92.3) - 316 (92.7) 180 (88.2) 

 

Table 1 shows the number and per cent of sample socio-demographic characteristics by the 

time of data collection. There were more older male adults than females at every follow-up 

time-point. The middle birth cohort was greater than the other two birth cohorts, and a 

secondary educational level was obtained by more than half the participants in all follow-ups. 

Certainly, most participants were unemployed and household income less than $21k because 

their 60+ age.  
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Table 2: Samples general health conditions for the study 

  
       Baseline 

(1991-1992) 
      2 Years 

(1993-1994) 
       5 Years 

(1996-1997) 
       11 years 

(2002-2003) 

 
Number (%) 

Arthritis 

 No 392 (48.9) 271 (47.2) 130 (36.9) 82 (40.2) 

 Yes 409 (51.1) 303 (52.8) 222 (63.1) 122 (59.8) 

Asthma 

 No 740 (92.4) 522 (91.1) 313 (89.7) 182 (87.1) 

 Yes 61 (7.6) 51 (8.9) 36 (10.3) 27 (12.9) 

COPD  

 No 694 (86.6) 493 (85.7) 296 (84.3) 183 (88.0) 

 Yes 103 (12.9) 82 (14.3) 55 (15.7) 25 (12.0) 

Cancer 

 No 704 (87.9) 483 (84.2) 278 (79.4) 150 (72.1) 

 Yes 96 (12.0) 91 (15.9) 72 (20.6) 58 (27.9) 

Cataracts 

 No 666 (83.1) 453 (79.3) 249 (72.0) 119 (57.8) 

 Yes 135 (16.9) 118 (20.7) 97 (28.0) 87 (42.2) 

Diabetes 

 No 749 (93.5) 544 (94.6) 329 (93.5) 190 (91.8) 

 Yes 48 (6.0) 31 (5.4) 23 (6.5) 17 (8.2) 

Heart 

 No 649 (81.0) 445 (77.4) 263 (74.9) 159 (76.1) 

 Yes 152 (19.0) 130 (22.6) 88 (25.1) 50 (23.9) 

Hypertension 

 No 519 (64.8) 364 (63.3) 193 (55.0) 92 (44.0) 

 Yes 282 (35.2) 211 (36.7) 158 (45.0) 117 (56.0) 

Osteoporosis or hip fracture 

 No 767 (95.8) 547 (95.1) 322 (93.1) 172 (84.3) 

 Yes 34 (4.2) 28 (4.9) 24 (6.9) 32 (15.7) 

Stroke 

 No 744 (92.9) 521 (90.9) 314 (89.7) 186 (89.9) 

 Yes 57 (7.1) 52 (9.1) 36 (10.3) 21 (10.1) 

Notes: COPD: Chronic obstructive pulmonary disease (combining chronic bronchitis and/or emphysema) 
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Table 2 presents the general health conditions (with 10 common chronic diseases) of 

participants across each follow-up time. In general, the proportion of most chronic diseases 

increased over time, except the proportion of COPD and heart disease decreased slightly at 

11-year follow-up. Chronic arthritis, cancer, cataracts, hypertension and heart disease were 

common disorders, with the prevalence ranging from 15% to 60%; where all other diseases 

were less frequent (<15%). 

 

Table 3: Samples functional and cognitive status for the study 

  
Baseline 

(1991-1992) 
2 Years 

(1993-1994) 
5 Years 

(1996-1997) 
11 years 

(2002-2003) 

 
Number (%) 

Functional status 

 Need help walking  

  No 757 (94.6) - 349 (97.8) 200 (95.2) 

 Yes 43 (5.4) - 8 (2.2) 10 (4.8) 

 Need help household services 

  < 3 748 (93.4) 552 (96.0) 295 (80.1) 143 (68.4) 

  ≥ 3 53 (6.6) 23 (4.0) 62 (17.4) 66 (31.6) 

Cognitive status 

 Dementia 

  No - - 352 (96.4) 205 (98.1) 

  Yes - - 10 (2.7) 4 (1.9) 

 CDT 

  Score > 4 - - 233 (63.8) 107 (45.7) 

  Score ≤ 4 - - 132 (36.2) 127 (54.3) 

Notes: CDT: Clock-Drawing Test. Lower score means cognitive impairment (Tuokko et al. 1992b). 

 

Table 3 shows the daily living activities and cognitive status by the time of data collection. In 

general, the percentage of those still walking independently decreased, and those needing 

household services increased over time. It is implied that the ability of daily living activities 

slows down with ageing. The proportion of those with a CDT score more than 4 decreased 

from 64% to 46% over the 6-year period. It is indicated that cognitive impairment increased 

with ageing. 
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Table 4: Sample dental and other health-related behaviours for the study 

  
      Baseline 

(1991-1992) 
    2 Years 
(1993-1994) 

     5 Years 
(1996-1997) 

     11 years 
(2002-2003) 

 
Number (%) 

Brush Frequency 

 ≥ 1/day 752 (93.9) 546 (96.3) 334 (96.3) 199 (94.8) 

 < 1/day 49 (6.1) 21 (3.7) 13 (3.8) 11 (5.2) 

Floss Frequency 

 ≥ 1/day 230 (28.7) 163 (28.8) 104 (30.0) 58 (27.6) 

 < 1/day 571 (71.3) 404 (71.3) 243 (70.0) 152 (72.4) 

Regular dental visiting 

 Yes 594 (74.7) 432 (75.5) 292 (80.4) 190 (91.4) 

 No 201 (25.3) 140 (24.5) 71 (19.6) 18 (8.7) 

Reasons for dental visiting 

 Check 331 (41.6) 213 (49.3) 143 (49.0) 90 (47.1) 

 Problem 464 (58.4) 219 (50.7) 149 (51.0) 101 (52.9) 

Dental insurance 

 Yes 331 (41.7) 234 (40.9) 138 (38.0) 80 (38.5) 

 No 463 (58.3) 338 (59.1) 225 (62.0) 128 (61.5) 

Smoking status ) 

 Never smoked 360 (45.0)  - 163 (44.7) 105 (44.9) 

 Used to smoke 350 (43.8) - 141 (38.6) 98 (41.9) 

 Current smoker 90 (11.3) - 61 (16.7) 6 (2.9) 

 

Table 4 shows the dental and health-related behaviours at the time of data collection. About 

95% of participants brushed their teeth at least once per day, but less than one third flossed 

their teeth once a day at baseline and each follow-up time points. The percentage of regular 

dental visiting (had dental visiting in the past 24 months) increased and the dental visiting for 

check-ups (or cleaning) showed fluctuation (ranging from 40% to 49%) over time. The 

percentage with dental insurance remained relatively stable (around 40%). The percentage of 

those who had never smoked remained relatively stable.  
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Table 5: Tooth loss and periodontal status of participants for the study 

  
         Baseline 

(1991-1992) 
       2 Years 

(1993-1994) 
      5 Years 

(1996-1997) 
      11 years 

(2002-2003) 

  

 
Number (%) 

Tooth loss groups 
         0-10 219 (27.3) 161 (27.0) 90 (24.7) 53 (22.6) 

 11-20 296 (37.0) 217 (36.4) 132 (36.2) 71 (30.3) 

 21-31 286 (35.7) 218 (36.6) 143 (39.2) 110 (47.0) 

  

 
Mean (SD) 

     

No. of missing teeth 16.0 (7.4) 16.3 (7.6) 17.1 (7.8) 18.4 (8.4) 

        

% site with GR 
        ≥ 3mm 14.6(19.8) 13.9(19.8) 18.5 (21.3) 17.2 (20.5) 

 ≥ 4mm 7.6(14.6) 7.3 (14.9) 11.0 (17.7) 9.6 (17.1) 

 ≥ 5mm 2.8(8.5) 2.6 (8.6) 4.7 (11.2) 4.3 (12.7) 

 ≥ 6mm 1.2(5.7) 1.2 (5.7) 2.6 (8.1) 2.5 (9.2) 

% site with PPD 
        ≥ 3mm 17.8 (16.6) 9.6 (12.2) 7.5 (10.5) 11.0 (11.5) 

 ≥ 4mm 6.6 (10.4) 3.3 (7.3) 2.4 (5.4) 3.7 (7.1) 

 ≥ 5mm 1.6 (4.6) 0.9 (2.9) 0.6 (2.8) 1.1 (3.6) 

 ≥ 6mm 0.6 (2.6) 0.4 (1.6) 0.3 (1.5) 0.6 (2.5) 

% site with CAL 
        ≥ 3mm 47.1 (27.8) 39.7 (27.7) 48.2 (28.0) 46.1 (26.3) 

 ≥ 4mm 27.3 (25.9) 21.3 (24.1) 30.9 (26.6) 29.1 (24.9) 

 ≥ 5mm 14.1 (20.2) 11.1 (19.0) 16.6 (21.2) 15.7 (20.2) 

 ≥ 6mm 7.5 (15.0) 5.5 (13.0) 8.8 (15.6) 8.8 (15.7) 

Notes: GR: Gingival Recession; PPD: Probing Pocket Depth; CAL: Clinical Attachment Level 

 

Table 5 shows the periodontal and teeth status of participants. The mean number of missing 

teeth increased over time, ranging from 16 to 18, resulting in the percentage of the highest 

tooth loss group (21-31) increasing (from 36% to 47%) over time. The average percentage of 

sites with GR 3mm and more increased at each threshold over time, but PPD 3mm or more 

decreased generally at each threshold, with the exception of a slight decline at 5 years. 

Therefore, the average percentage of CAL 3mm or more remained relatively stable at each 

threshold over time.  
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4.2: Data analyses planning 

The details of statistical analyses are provided in Chapters 5 to 8. The analyses presented in 

Chapters 5 and 6 address the first aim of the thesis (Aim 1: to improve the measurement of the 

incidence and progression of periodontal disease in a population with a high level of tooth 

loss), and the analyses of Chapters 7 and 8 address the second aim of the thesis (Aim 2: to 

predict and evaluate the relationship between daily life condition, such as systemic diseases, 

functional limitation and cognitive impairment, and periodontal disease in a cohort of older 

South Australians). 

 

The analysis began with statistics describing the prevalence of periodontal disease based on 

three common periodontal case definitions; the American Association of Periodontology and 

the U.S. Centres for Disease Control and Prevention (AAP-CDC), the US National Centre for 

Health Statistics (NCHS) and the European Federation of Periodontology (EFP) at four 

different time points. The association between tooth loss and the incidence and reversal of 

periodontal disease were estimated by using logistic regression based on the AAP-CDC case 

definition at four different intervals: interval I (1991-1993); interval II (1993-1996), interval 

III (1996-2002) and interval IV (1991-2002) (see Chapter 5). 

 

The incidence and progression of periodontal disease was estimated by calculating individual 

incidence density of ALOSS new events (an incident event of ALOSS was defined as a tooth 

having one or more sites with ALOSS ≥ 3 mm) using ‘tooth-year’ as units. The procedure of 

estimating the incidence and progression of periodontal disease was described including the 

definition and the process of calculating and imputing missing values due to tooth loss and/or 

lost to follow-up, and followed by an illustration. The distributions of the individual incidence 

density of ALOSS new events were described and compared across three different estimations 

of incidence density of ALOSS new events (before and after imputing missing values due to 

tooth loss and/or loss of participants to follow-up). The individual incidence density of 

ALOSS new events was described by sex, birth cohort and baseline number of teeth lost 

groups. The bivariate relationship of length of follow-up time, and number of teeth lost 

groups with individual incidence density of ALOSS events, was evaluated by Poisson 

regression with robust standard errors (see Chapter 6). 
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Sample characteristics, which included social demographic characteristics, the prevalence of 

chronic diseases at baseline, and the mean of individual incidence density of ALOSS events, 

are described. Poisson regression with robust standard errors was applied to predict the 

individual incidence density of ALOSS events using baseline information on systemic 

diseases, with adjustments for social demographics, dental characteristics and health-related 

behavior covariates (see Chapter 7).  

 

Separate datasets (functional limitation data, cognitive impairment data and daily life data) 

were used to estimate the effect of functional limitation, cognitive impairment and daily life 

on the incidence and progression of periodontal disease. Sample characteristics and 

proportions with periodontal disease progression are described. The total and direct effects of 

functional limitation and/or cognitive impairment on periodontal disease progression were 

estimated with relative ratios (RR) by using log linear models. Marginal structural models 

(MSMs), with stabilised inverse-probability weights, were used to estimate the direct effect of 

functional limitation and/or cognitive impairment on periodontal disease progression whilst 

controlling for other risk factors such as systemic diseases and dental behaviours of older 

South Australians (see Chapter 8).  

 

SAS statistical software (SAS 9.3, SAS Institute Inc., and Cary, NC, USA) was used for the 

data analyses. 
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Chapter 5:  Periodontal disease and tooth loss in older South Australians 

This chapter relates specifically to research question 1.1 (Question 1.1: To what extent is the 

measurement of incidence and progression of periodontal disease biased by tooth loss?). It 

presents a detailed description of the prevalence of periodontal disease at each time point 

based on three common case definitions, and estimation of the incidence and reversal of 

periodontal disease across four different intervals, under one of the three case definitions in 

older South Australians with high levels of tooth loss. It also reports the main findings that 

can be deduced from this research. The discussion about the issues with the use of periodontal 

disease case definitions for longitudinal data is presented in this chapter. 

 

5.1: Introduction 

The longitudinal observational study is considered the appropriate design to be used to 

explore the development of periodontal disease in a population. The prevalence of periodontal 

disease at different time points, or the incidence and progression of periodontal disease over a 

specific time interval, can all be estimated. A case definition is a key aspect for estimating 

both the prevalence and incidence of periodontal disease. The definition of a case is a 

fundamental pre-requisite of the epidemiology of periodontal disease (Page & Eke 2007). 

Case definitions affect not only the accuracy and validity of studies (‘accuracy’ means that the 

measurement of periodontal indicators should be able to differentiate between people, teeth, 

or sites on a tooth, when only small variation exists, otherwise a small change in these values 

can result in a large changes in periodontal disease prevalence; while ‘validity’ means that a 

case definition should be tested, such as thresholds of periodontal indicators were tested), but 

also the comparison of results with other studies. Just like other chronic diseases, a case 

definition of periodontal disease is expected to be accurate and reflect objective differences in 

periodontal disease. Generally, the definition criteria are based on periodontal indicators 

which describe the destruction of periodontal tissues, such as the measurement of gingival 

recession (GR), probing pocket depth (PPD), and clinical attachment level (CAL): computed 

as the sum of GR and PPD (Sanders et al. 2004). 
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However, there is a lack of a consensus and uniformity in periodontal disease case definitions. 

Variations in selected periodontal indicators, threshold values of indicators, selection of index 

teeth, and number of sites per tooth measured, have been used to define cases, and the extent 

and severity of periodontitis (Beck & Elter 2000; Costa et al. 2009; Elter et al. 1999; Hirotomi 

et al. 2002; Machtei et al. 1997; Thomson et al. 2004). The most prominent periodontal case 

definitions come from the American Association of Periodontology and the U.S. Centres for 

Disease Control and Prevention (AAP-CDC) which defines moderate and severe periodontal 

disease (Page & Eke 2007), and the US National Centre for Health Statistics (NCHS) for 

population-based surveillance of periodontal disease (Arbes, Agustsdottir & Slade 2001). The 

European Federation of Periodontology (EFP) case definition was designed for defining 

‘periodontitis case’ and ‘periodontitis progression’ in longitudinal studies focusing on 

identifying risk factors (Tonetti & Claffey 2005). The first two case definitions AAP-CDC 

and NCHS have been exclusively applied to cross-sectional data to calculate the prevalence of 

periodontal disease (Costa et al. 2009).  

 

Tooth loss affects the measurement of the prevalence and incidence of periodontal disease. 

Tooth loss is age-related (Gilbert et al. 2002; Sanders et al. 2004; Slade & Spencer 1995); the 

longer the follow-up and the older the participants, the greater the likelihood of tooth loss 

during a longitudinal study. The particular issue is the loss of information on the periodontal 

status of missing teeth. Information on periodontal indicators, such as CAL and PPD would 

be redundant with the loss of the teeth, leading to a possible reversal of a case of periodontal 

disease in some people. This would then result in an under-estimation or an inaccurate 

estimation of the prevalence and incidence of periodontal disease over time.  

 

Although the prevalence of periodontal disease has been frequently estimated, there is limited 

information about the incidence of periodontal disease assessed by using particular case 

definitions.  

 

5.2: Aims 

The aims reported in this Chapter are threefold: (1) to estimate the prevalence of periodontal 

disease based on different case definitions; (2) to investigate whether periodontal disease case 

definitions are suitable for longitudinal data analysis; (3) to explore some issues of the 

application of case definitions to longitudinal data analysis in a population with a high level 

of tooth loss. 



 
Chapter 5: Periodontal disease and tooth loss in older South Australia 

42 

 

 

5.3: Methods 

Methods include the construction of samples, introduction of periodontal disease case 

definitions, and data analysis approaches. 

 

5.3.1: Samples 

Data were obtained from the South Australian Dental Longitudinal Study (SADLS). 

Participants who had a face-to-face interview and periodontal epidemiological examination at 

baseline (1991-1992) and at 2 (1993-1994), 5(1996-1997) and 11(2002-2003) year follow-up 

were selected. Teeth present and periodontal status data from each time point were used for 

this data analysis. 

 

5.3.2: Periodontal disease case definitions 

Clinical attachment level (CAL) and probing pocket depth (PPD) are considered the best 

indicators to use in the epidemiology of periodontal disease, as CAL gives an indication of 

history of periodontal disease and PPD indicates current disease status (Page & Eke 2007). 

Three common periodontal disease case definitions, incorporating diagnostic criteria 

presented in Table 6 were applied to analyse the longitudinal data. The European Federation 

of Periodontology (EFP) case definition specifies two levels: Level I, which is a robust case 

definition, and Level II, which is specific to cases with substantial extent and severity of 

periodontal disease. Therefore, only EFP Level I case definition was used for this data 

analysis. 
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Table 6: Different periodontal disease case definitions 

Definitions Requirements 

  

AAP-CDC The American Association of Periodontology (AAP) and the U.S. 

Centres for Disease Control and Prevention (CDC) case definition 

describes moderate and severe periodontal disease (Page & Eke 

2007): 

 Moderate periodontitis is the presence of either two sites 

between adjacent teeth where 4mm ≤ CAL ≤ 6mm or at least 

two such sites have PD ≥ 5mm. 

 Severe periodontitis is at least two sites between adjacent teeth 

where CAL ≥ 6mm and there is at least one PD ≥ 5mm.  

EFP level I The European Federation of Periodontology Level I (EFP Level I) 

case definition which is the presence of proximal CAL ≥ 3mm in 2 or 

more non-adjacent teeth (Tonetti & Claffey 2005).  

NCHS The US National Centre for Health Statistics (NCHS) case definition 

which has at least one PD ≥ 4mm and CAL ≥ 3mm at the same site 

(Arbes, Agustsdottir & Slade 2001).  

 

5.3.3: Data analysis 

The sample and dental characteristics (tooth and periodontal) were described in Chapter 4. 

The prevalence of periodontal disease was estimated using three case definitions at each time 

point. Prevalence is defined as the proportion of the population with periodontal disease at 

each time point, based on the three case definitions. 

 

Incidence and reversal of periodontal disease was estimated based on the AAP-CDC case 

definition at four intervals. These were interval I (1991-1993), interval II (1993-1996), 

interval III (1996-2002) and interval IV (1991-2002). The incidence of periodontal disease 

was defined as: a person diagnosed with no disease changed to moderate or severe periodontal 

disease case, or changed from moderate to severe periodontal disease; a reversal was defined 

as: a person diagnosed with  moderate or severe disease changed to no disease, or changed 

from a severe disease to a moderate disease. 
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The relationship between the incidence and reversal of periodontal disease and tooth loss 

(both the number of missing teeth at baseline, and one or more teeth lost at each follow-up 

interval) was estimated across the four intervals, and odd ratios (ORs) were estimated by 

using logistic regression. 

 

5.4: Results 

The final sample for this study consisted of 801 dentate persons who underwent a periodontal 

examination at baseline in 1991-1992, and 596 (including 12 edentulous persons) at 2 years 

follow-up, 365 (including 6 edentulous) at 5 years and 234 (including 6 edentulous ) at the 

11-year follow-up. The number of participants therefore decreased over time, from 801 at 

baseline to 234 at the 11-year follow-up.  

 

5.4.1: Demographic and dental status characteristics  

The sample characteristics at baseline and those retained for the 2, 5 and 11-year follow-up 

study, are presented in Table 1 (page 33 of Chapter 4); and teeth and periodontal status are 

shown in Table 5 (page 37 of Chapter 4). In brief, there was a higher percentage of male than 

female older adults at baseline and each time point, but this difference decreased across 

subsequent follow-up time points. The percentage in the youngest cohort increased and the 

oldest cohort decreased, and the percentage in the middle cohort was the greatest at all follow-

up time points. The percentage was greater in the highest educational attainment of 

‘secondary or below’ group, compared with was ‘trade to tertiary’ at baseline and each 

follow-up time point. The percentage was higher in the group with more than 21 teeth lost 

(21-31) and increased (ranging from 36% to 47%) over time. The average percentage of sites 

with PPD 3mm+ decreased generally at each threshold, except a slight increase at 11 years. 

The average percentage of CAL 3mm+ was remained relatively stable (around 28%) at each 

time point.  
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5.4.2: The prevalence of periodontal disease 

The prevalence of periodontal disease at each follow-up time point under the different case 

definitions is shown in  

Figure 3. In general, variation in the prevalence of periodontal disease was observed using 

different case definitions (ranging from just over 7% to 95%) across the time points. The 

AAP-CDC severe case definition had the lowest prevalence, and EFP Level I had the highest 

prevalence of periodontal disease at baseline and each follow-up time point. A higher 

prevalence would occur when using a lower extent and severity threshold case definition. The 

prevalence decreased at the 2-year time point, and then increased at the 11-year time point.  

 

 

 

Figure 3: Prevalence of periodontal disease at each follow-up time point under the different case 

definitions. 
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5.4.3: The incidence and reversal of periodontal disease  

The proportions of incidence or reversal of periodontal disease by baseline tooth loss groups 

across the four intervals are presented in Table 7. In general, the highest incidence proportion 

occurred in the group with the lowest number of teeth lost (0-10) at each interval. In contrast, 

a higher reversal proportion of periodontal disease occurred in the group with the higher 

number of teeth lost (11-20 and 21-31) at each interval, except in Interval I (1991-1993), 

which had the highest reversal proportion in the group with the lowest number of teeth lost (0-

10). 

 

Table 7: Incidence and reversal of periodontal disease by baseline tooth loss  

 
        Interval I 

(1991-1993) 
          Interval II 

(1993-1996) 
Interval III 
(1996-2002) 

Interval IV 
(1991 -2002) 

Tooth loss 
(Baseline) 

 

% (95% CI) 

  

 Incidence 

     

    0-10 7.1 (6.0 - 8.2) 32.4 (26.4 - 38.5) 23.1 (18.0 - 28.2) 33.3 (25.9 - 40.7) 

  11-20 3.6 (3.1 - 4.1) 23.4 (19.4 - 27.5) 12.5 (9.6 - 15.4) 23.6 (18.2 - 29.1) 

  21-31 6.3 (5.4 - 7.2) 21.4 (17.7 - 25.2) 7.1 (5.6 - 8.7) 11.9 (9.4 - 14.5) 

  

 Reversal 

     

    0-10 25.4 (21.6 - 29.3) 6.3 (5.1 - 7.5) 9.0 (7.0 - 11.0) 3.8 (3.0 - 4.7) 

  11-20 22.6 (19.6 - 25.6) 6.3 (5.2 - 7.3) 8.3 (6.4 - 10.3) 15.3 (11.7 - 18.8) 

  21-31 20.9 (18.0 - 23.7) 6.4 (5.2 - 7.5) 10.7 (8.4 - 13.0) 11.9 (9.4 - 14.5) 
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Table 8 presents the association between tooth loss and periodontal disease incidence and 

reversals at four different intervals under the AAP-CDC case definition. People who lost one 

or more teeth during the follow-ups were 1.2 to 2.3 times more likely to be a periodontal 

disease reversal at each interval. 

 

Table 8: Association between tooth loss and the incidence or reversal of periodontal disease at 

each interval based on AAP-CDC case definition 

  
 

         Interval I 
(1991-1993) 

         Interval II 
(1993-1996) 

        Interval III 
(1996-2002) 

       Interval IV 
(1991 -2002) 

Tooth loss 
(Interval) 

 

OR (95% CI) 

  

 
Incidence  

     

  0 1.00 1.00 1.00 1.00 

  1+ 0.7 (0.3-1.6) 0.9 (0.6-1.3) 0.4 (0.1-1.6) 1.3 (0.8-2.3) 

  

 
Reversal 

     

  0 1.00 1.00 1.00 1.00 

  1+ 1.2 (0.9-1.7) 1.9 (0.9-4.2) 2.3 (1.0-3.4) 1.8 (0.7-2.1) 

Note: OR: Odd ratio 

 

5.5: Summary 

The main findings of the data analyses, and issues of using periodontal case definitions for the 

measurement of periodontal disease for longitudinal data, are summarised in the following 

sections.  

 

5.5.1: Main findings 

Large discrepancies in the prevalence of periodontal disease were found based on different 

case definitions within the same population at each of the time points. There were also 

differences in the prevalence of periodontal disease across the time points for any one case 

definition. This finding highlights the impact of the threshold values of periodontal indicators, 

and either progression or reversals in periodontal disease. Both incidence and reversal of 

periodontal disease were associated with tooth loss. A higher incidence occurred in the group 

with lower tooth loss, and a higher reversal was observed generally in the group with higher 

tooth loss.  
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5.5.2: Issues of periodontal case definitions for longitudinal data 

Firstly, the incidence estimation was not accurate when using a periodontal case definition for 

the following reasons: 

1) The use of periodontal disease case definitions to estimate the incidence and progression 

of periodontal disease at the personal level would not capture the change of periodontal 

disease because the same teeth are not followed. For instance, a person was defined as a 

severe periodontal disease case at both baseline and follow-up time point; while the two 

diagnoses might not rely on the same teeth: the teeth used to define disease at baseline 

have been lost, and the periodontal status of other teeth has become worse and fulfilled the 

case definition criteria. However, it is not impossible to determine such a change by 

applying case definitions at the personal level, and therefore would result in an under-

estimation of the incidence and progression of periodontal disease.  

 

2) Reversals of periodontal disease were associated with tooth loss. Reversals would appear 

as an improved periodontal condition. In fact, the improvement was a consequence of 

further deterioration in oral health, possibly including periodontal health. In other words, 

tooth loss might bias the measurement of the incidence and progression of periodontal 

disease.  

 

3) More case definitions require at least two teeth present in the mouth. Those people with 

only one tooth would never meet these case definitions, and would not be diagnosed as 

cases, also resulting in an underestimation of incidence and progression of periodontal 

disease.  

 

Secondly, the selection of periodontal indicators and threshold values of those indicators are 

important in the estimation of incidence of periodontal disease. However, there is no unified 

and threshold standard for periodontal disease case definitions. Variations in selected 

periodontal indicators and threshold values of these indicators applied to define a case result 

in variations of prevalence and incidence. It is difficult to interpret results and hence make 

comparisons with other studies without a clear definition of a case. 
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Thirdly, the use of a case definition to analyse longitudinal data at the personal level is 

complex because both incidence and reversals are observed. For instance, based on the AAP-

CDC case definition, there are three different indicators for periodontal status outcomes 

(incidence and progression, no change occurred, and reversals) at each follow-up time point, 

such as the non-case at a prior time might become a moderate or severe case, or a moderate 

case might become a severe case or a non-case at a follow-up time point.  

 

In addition, tooth loss or loss of participants to follow-up may be inevitable in longitudinal 

studies, especially for older adults. Tooth loss (included teeth extracted due to dental disease, 

becoming edentulous), or loss of participants (medical contra-indications to continue in a 

study, even death) can lead to part or all periodontal information being lost at follow-up, 

resulting in inaccurate estimates of the prevalence. Moreover, tooth loss could affect the 

accuracy of the estimation of the incidence and progression of the periodontal disease, as 

participants could show a reversal against the case definition with further tooth loss. 

Ironically, a decline of oral health represented by further tooth loss may lead to a reversal, 

from being a periodontal case to being periodontally ‘healthy’. 

 

Therefore, periodontal disease, unlike other chronic diseases, might best not be defined as a 

dichotomous disease to assess an individual unequivocally as healthy or an incident case 

(Meisel & Kocher 2009). The periodontal disease case definitions, mainly used to analyse 

cross-sectional data, may not be suitable for longitudinal data analyses at person level, 

especially for people with a high level of tooth loss. Periodontal disease might have occurred 

and continue to develop at the same or different tooth sites of a person over the follow-up 

period, but tooth loss removes these teeth and sites, leading to a biased assessment of 

periodontal health. In future, both the number of teeth and the survival of those teeth should 

be considered when evaluating the incidence and progression of periodontal disease.  
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Chapter 6:  Incidence and progression of periodontal disease in the people 

with high levels of tooth loss 

This chapter relates specifically to research question 1.2 (Question 1.2: Are there approaches 

to the measurement of the incidence and progression of periodontal disease which are less 

biased by tooth loss?); and it introduces the definition and calculation of the individual 

incidence density of ALOSS new events, which is applied in this research for estimating and 

assessing the incidence and progression of periodontal disease. The imputation of missing 

values because of tooth loss and loss of participants to follow-up is presented; and the results 

reported. Moreover, the advantages and limitations of the individual level incidence density of 

ALOSS new events calculation are also discussed. 

 

6.1: Introduction 

Chronic periodontitis is considered a very common destructive form of periodontal disease 

that affects one or more of the periodontal tissues and is characterised by gingival recession 

and/or pocket formation. The prevalence of chronic periodontitis has been frequently reported 

among older adults in the past two decades (Beck, Koch & Offenbacher 1994; Papapanou 

1996; Slade, Spencer & Roberts-Thomson 2007). The prevalence of severe chronic 

periodontitis ranges from 5 to 15% of the world population (Burt 2005). In Australia, there 

were more than 60% of Australian adults aged 75 years and more with periodontitis, 

compared with only 7% Australians in the 15-34 age group, from 2004 to 2006 using the 

CDC-AAP case definition (Slade, Spencer & Roberts-Thomson 2007).  

 

The progression of chronic periodontitis disease occurs slowly, and requires a long follow-up 

period to explore the history of the incidence and development. A few longitudinal studies 

(Loe et al. 1986; Machtei et al. 1997) reported that the average incidence of clinical 

attachment loss (ALOSS) ranged from 0.1mm (in the slow group) to 1.0mm (in the rapid 

group) annually. Therefore, the longitudinal observational study method over a number of 

years among older adults is considered an appropriate design to estimate the incidence and 

progression of periodontal disease without bias.  
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There is no doubt that the primary success of an incidence estimate is to have an accurate and 

standard criterion to define an event or case. Several common periodontal disease case 

definitions have been exclusively applied to cross-sectional data to calculate the prevalence of 

periodontal disease (Arbes, Agustsdottir & Slade 2001; Page & Eke 2007), but have rarely 

been used to estimate incidence and progression of periodontal disease. The most widely used 

measure of periodontal disease progression was the ALOSS estimate (Elter et al. 1999; 

Thomson et al. 2004), which is considered to represent a true incidence and progression of 

periodontal disease (Beck & Elter 2000). Incidence density calculation has been 

recommended as the preferred method for periodontal longitudinal studies (Beck & Elter 

2000; Elter et al. 1999). 

 

Longitudinal studies indicate a high rate of incident tooth loss among older adults, and have 

also shown that periodontal attachment loss is a major contributor to that tooth loss. Gilbert 

and colleagues (Gilbert et al. 2002) pointed out that the severity of CAL independently 

increased the risk of tooth loss. Tooth loss can affect the measurement of the progression and 

the incidence of periodontitis. Beck and colleagues (Beck & Elter 2000) reported that incident 

tooth loss can bias attachment loss estimates. Since severe periodontitis associated with tooth 

loss is notably high among the older adults, the longer the follow-up and the older the 

participants, the greater the likelihood of tooth loss during a longitudinal study. The particular 

issue is the loss of information about the periodontal status of missing teeth, which makes it 

difficult to estimate the progression of periodontal disease. Information on periodontal 

indicators, such as CAL and PPD, would be lost once the tooth was lost, resulting in an under-

estimation or inaccurate estimation of the progression and incidence of periodontitis at each 

follow-up point and across time. In other words, there is bias in the measurement. However, 

there has been limited research dealing with this measurement issue.  

 

6.2: Aims 

The aims of the study reported in this chapter are 1) to estimate the incidence and progression 

of periodontal disease in people with high levels of tooth loss by calculating the individual 

incidence density of periodontal attachment loss (ALOSS) using ‘tooth-year’ as units, and 2) 

to adjust and impute the missing values of the incidence and progression of periodontal 

disease due to tooth loss and from those participants who withdraw from the study during the 

follow-up period. 
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6.3: Methods 

The incidence and progression of periodontal disease were estimated by calculating the 

individual incidence density of new ALOSS events. This procedure included the definition of 

a new ALOSS event and the process of calculating individual incidence density, and the 

imputation of missing values. The procedure is outlined by an illustration. The study also 

compared the difference of estimations before and after imputing missing values due to tooth 

loss and/or loss of participants to follow-up.  

 

6.3.1: Samples 

The data used for this estimation of the incidence and progression of periodontal disease were 

participants’ tooth status (present or absent) and periodontal health conditions, which included 

data on the GR and PPD measurement at the three sites (mesio-buccal, mid-buccal and disto-

lingual) of each presented tooth at baseline, and at each of the follow-up time points.   

 

6.3.2: Estimating the incidence and progression of periodontal disease 

The incidence and progression of periodontal disease was estimated by calculation of clinical 

attachment loss (ALOSS) at a specific interval. Before calculating ALOSS, clinical 

attachment level (CAL) was computed by adding the GR and PPD of each site, per tooth, at 

each time point. Then the individual incidence and progression of periodontal disease was 

estimated by calculating incidence density/rate (IR) of clinical attachment loss (ALOSS) 

events for each person at each interval. 

 

6.3.2.1: Definition 

The progression of periodontal disease in this context means the change of CAL was more 

than zero from the prior- to the post-time point. The incidence of periodontal disease was a 

special case of the progression of periodontal disease in which the change of CAL was from 

normal (CALt1=0) to worse (CALt2 >0) over a specific period. Therefore ‘periodontal disease 

progression or the progression of periodontal disease’ in this context was used to represent the 

incidence and progression of periodontal disease. The progression of periodontal disease was 

defined as at least one site of a tooth with ALOSS more than 3mm (∆ CAL ≥ 3mm) in an 

interval-specific situation.  
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6.3.2.2: Individual incidence density of ALOSS new events calculation 

Individual incidence density was calculated as an interval-specific rate of a person with new 

ALOSS events divided by tooth-time over the period using the following formula: 

 

Individual incidence density (IR)  =
Total number of  ALOSS new events

Sum of tooth−years at risk
 

 

6.3.2.2.1. Numerator calculation 

Three steps were involved to account for the ALOSS new events at site, tooth and individual 

levels estimation and are described below: 

 

Step 1: Estimating ALOSS new event at site level  

 ALOSS new event calculation 

An ALOSS new event for each site was calculated by subtracting prior CAL from the follow-

up CAL at each interval (Elter et al. 1999):  

 

ALOSS (∆CAL) =CAL 
Post

 - CAL 
Pre

. 

 

If CAL values were missing at one time point but had relevant data at the follow-up time 

point, the ALOSS new event was calculated by subtracting a prior time point CAL from the 

follow-up CAL. For instance, if the CAL value was missing at the mid-buccal site of a tooth 

at the 2-year follow-up time, but had the CAL value at the 5-year follow-up time, then the 

ALOSS new event for this interval was computed by subtracting the CAL value of the mid-

buccal site at baseline (the prior time point from when the data was not missing) from the 

CAL value at the five-year follow-up (Elter et al. 1999). 

 

If ALOSS ≥ 3mm, it was defined as a new ALOSS event occurrence, and therefore was 

recorded as ‘1’. The alternative was recorded as zero. 
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 Estimating the probability of occurrence ALOSS new events  

Periodontal information of a site could be lost with tooth loss or loss of participants to follow-

up at the next time point, leading to the actual ALOSS value not being measured directly, 

resulting in under- or inaccurate estimate of ALOSS new events. Although ALOSS new 

events could not be directly estimated when teeth are lost or participants are lost to follow-up, 

the probability of its occurrence in a site could be estimated by using pre-time point 

periodontal information and comparing this with sites of teeth present. In brief, the probability 

of occurrence ALOSS new events would be estimated by using periodontal information on 

sites of present teeth. The probability of an occurrence event is unchangeable in a population, 

regardless of whether it is observed or unobserved (Hernan & Robins 2006). The detail is 

presented below. 

 

When sampling variability is ignored, and no random error attributable to sampling variability 

exists, under the condition exchangeability assumption, randomisation ensures that the 

probability of occurrence of ALOSS new events in a site of the present and absent tooth is 

equal, so that it can be exchangeable with the level of the condition (Hernan & Robins 2006). 

In other words, the conditional risk probability of occurrence of ALOSS new events could be 

estimated by calculating the probability of ALOSS new events using the periodontal 

information of sites of present teeth. According to pre- periodontal information of each site 

(CAL), the critical conditions were classified at three levels: 1) CAL ≥ 6mm, 2) CAL=3-5mm 

and 3) CAL < 3mm. For instance, there were 145 mid-buccal sites of the upper right canine 

teeth with CAL=3-5mm at baseline, 44 lost and one new ALOSS event (∆CAL ≥ 3mm) at 2-

year follow-up. Therefore, the probability of occurrence ALOSS new event at mid-buccal site 

of the upper right canine teeth was 0.0099 (1/101=0.0099) at interval I (1991-1993).  

 

After a probability estimate was calculated by using all sites of teeth present, sites of teeth had 

a probability of occurrence ALOSS new event (see Table 9). Then, the sites with missing 

values were imputed using the site and tooth specific probability value (See Table 10 as an 

illustration). 
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Step 2: Estimating ALOSS new event at tooth level  

An ALOSS new event for a presented tooth was defined as at least one site with a change of 

CAL ≥ 3mm and constituted 1 event for the interval. For absent teeth, an ALOSS new event 

was defined as the maximum probability value of three sites (ranged from 0-1).  

 

Step 3: Estimating ALOSS new events at person level  

The sum of ALOSS new events over each interval for an individual was calculated and 

constituted total ALOSS new events of an individual over multiple time periods.  

 

6.3.2.2.2. Denominator calculation criteria  

Tooth-years at risk were an estimate of the actual time-to-event in years that all presented 

teeth of an individual contributed to an interval-specific event. We assumed that a person lost 

to follow-up, or who had teeth lost during a given interval was considered to be lost at the end 

of the interval, and contributed to all the observation time for calculation of the denominator. 

Therefore, the total tooth-years at risk in this interval, equal the number of teeth multiplied by 

years of the interval, and the denominator for an individual was the total tooth-years at risk, 

which was the sum of the tooth-years at each interval.  

 

Using these criteria, the formula for the individual incidence density of ALOSS new events 

was: 

 

Individual incidence density (𝑰𝑹)  =
Total number of new ALOSS events

Sum of tooth−years at risk
  =

∑ nevents (i)
k
i=1

∑ nteeth   ∑ ∆ti
k
i=1

k
i=1

 

 

Where: 

− nevents = the number of ALOSS new events  

− nteeth = the number of presented teeth  

− ∆t = the number of years  

− i = interval number  (i=1, 2…k) 
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Table 9: The probability (x100) of ALOSS new event occurrence by sites, teeth, CAL conditions and intervals  

 Interval I (1991-1993) Interval II (1993-1996) Interval III (1996-2002) 

 CAL(< 3mm) CAL( 3-5mm) CAL(≥ 6mm) CAL(< 3mm) CAL( 3-5mm) CAL(≥ 6mm) CAL(< 3mm) CAL( 3-5mm) CAL(≥ 6mm) 
Teeth ID M B D M B D M B D M B D M B D M B D M B D M B D M B D 

11 0.90 0.00 0.00 0.00 1.85 0.00 0.00 0.00 0.00 0.00 1.53 0.76 0.00 0.00 4.17 0.00 0.00 0.00 1.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

12 0.47 0.41 0.00 1.59 0.00 0.00 0.00 - 0.00 0.00 0.00 0.75 3.30 0.00 0.00 33.3 0.00 50.0 1.23 0.00 0.00 15.4 0.00 0.00 0.00 0.00 0.00 

13 0.00 0.49 1.05 0.00 0.99 0.88 0.00 0.00 0.00 0.67 2.26 1.59 0.00 5.00 0.00 0.00 0.00 0.00 1.04 2.30 20.7 20.0 5.00 26.1 0.00 0.00 50.0 

14 0.00 1.01 0.00 1.85 0.00 0.00 0.00 0.00 25.0 0.00 3.39 2.82 0.00 0.00 0.00 - 0.00 0.00 0.00 2.33 8.33 5.56 9.52 0.00 - - 0.00 

15 0.00 1.16 0.00 0.00 0.00 1.01 0.00 0.00 8.33 5.97 5.08 1.69 0.00 2.17 0.00 0.00 0.00 0.00 2.44 2.63 9.76 0.00 0.00 0.00 - 0.00 - 

16 1.56 2.04 0.00 0.00 0.00 1.45 0.00 0.00 9.09 0.00 7.14 7.69 9.52 3.45 17.2 50.0 0.00 0.00 3.57 0.00 0.00 11.1 5.26 5.26 0.00 - 33.3 

17 0.91 1.05 1.49 1.15 0.00 1.67 0.00 0.00 10.0 13.3 5.33 5.56 2.50 9.30 0.00 0.00 0.00 18.2 6.56 10.5 2.50 13.6 7.69 2.63 0.00 0.00 16.7 

18 0.00 1.27 1.54 0.00 0.00 0.00 0.00 0.00 0.00 0.00 8.16 3.77 12.0 4.76 5.56 0.00 0.00 50.0 6.67 0.00 8.0 0.00 0.00 0.00 0.00 0.00 0.00 

21 0.00 0.00 - 1.69 0.00 - 0.00 - - 0.00 0.73 - 0.00 0.00 - 0.00 - - 0.00 1.22 1.05 0.00 0.00 0.00 - - - 

22 2.09 0.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.71 0.77 0.00 3.13 0.00 0.00 0.00 - 20.0 1.35 2.60 0.00 0.00 7.14 0.00 0.00 - 0.00 

23 0.43 1.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.68 3.42 2.42 0.00 5.36 2.33 - 0.0. - 0.00 8.33 1.22 5.88 5.41 7.41 - 0.00 - 

24 0.78 2.00 0.00 1.64 2.30 1.41 0.00 0.00 0.00 1.54 3.33 3.03 5.26 2.44 3.23 0.00 25.0 0.00 2.44 2.70 2.44 5.56 0.00 5.26 0.00 0.00 - 

25 3.09 0.00 1.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.69 0.00 3.23 3.33 11.8 0.00 0.00 20.0 0.00 2.33 7.32 0.00 10.0 9.09 0.00 0.00 0.00 

26 0.00 1.96 2.04 2.50 0.00 1.82 0.00 0.00 0.00 2.13 6.90 12.5 0.00 3.03 3.23 0.00 20.0 20.0 0.00 0.00 5.00 0.00 0.00 5.26 0.00 0.00 25.0 

27 0.00 0.00 0.94 0.00 1.01 1.30 0.00 5.88 0.00 2.90 15.6 8.45 3.28 9.8 3.85 0.00 0.00 0.00 4.35 3.77 1.96 26.3 12.5 3.45 - 14.3 25.0 

28 0.00 1.75 1.54 0.00 0.00 0.00 0.00 0.00 0.00 2.50 17.1 13.1 10.0 15.8 20.0 0.00 - 0.00 5.26 0.00 0.00 0.00 7.14 20.0 0.00 0.00 - 

31 0.00 1.64 1.81 1.12 2.34 1.97 0.00 0.00 0.00 2.37 5.06 4.68 3.30 6.45 4.11 0.00 0.00 10.0 0.81 0.81 2.34 4.08 6.25 10.8 0.00 0.00 0.00 

32 0.62 0.57 1.27 0.64 1.36 0.68 0.00 0.00 0.00 1.52 3.27 2.01 2.67 7.58 4.84 7.69 12.5 14.3 2.88 1.40 2.04 2.50 0.00 10.3 0.00 20.0 33.3 

33 1.48 0.29 0.88 2.45 0.00 0.66 0.00 0.00 0.00 1.38 4.39 2.78 4.55 5.88 1.41 0.00 0.00 0.00 2.00 1.46 0.70 8.11 4.00 0.00 0.00 0.00 50.0 

34 0.89 2.26 0.43 0.00 0.88 0.00 0.00 0.00 0.00 0.00 7.63 4.12 0.00 7.63 6.85 50.0 0.00 0.00 0.79 1.27 1.68 13.8 1.35 8.33 0.00 0.00 0.00 

35 1.60 3.70 0.97 0.00 2.42 1.35 0.00 0.00 0.00 4.24 10.4 10.1 0.00 12.2 9.21 0.00 7.69 40.0 1.30 1.85 1.85 4.55 2.56 7.50 - 0.00 0.00 

36 1.23 0.00 0.00 8.11 0.00 0.00 0.00 16.7 0.00 4.17 14.3 9.68 7.69 3.85 11.1 0.00 0.00 0.00 0.00 0.00 13.6 20.0 0.00 0.00 - 50.0 - 

37 0.00 1.74 1.33 0.00 0.00 0.00 0.00 0.00 0.00 6.74 17.6 19.6 3.57 2.38 2.94 0.00 - - 1.75 1.89 0.00 6.25 0.00 0.00 0.00 - - 

38 0.00 0.00 3.45 0.00 0.00 0.00 0.00 0.00 0.00 5.08 11.1 6.45 0.00 8.33 0.00 0.00 - - 0.00 4.76 4.55 0.00 0.00 0.00 0.00 - - 

41 1.96 1.98 0.74 1.04 1.18 0.68 2.27 4.76 0.00 3.73 3.31 2.87 6.73 5.38 2.94 0.00 12.5 0.00 0.84 1.71 2.96 3.92 0.00 15.6 14.3 0.00 0.00 

42 0.35 1.13 0.00 3.16 0.68 0.67 2.94 0.00 0.00 2.43 4.13 1.04 5.41 4.29 4.23 0.00 0.00 16.7 0.70 0.69 2.19 2.94 0.00 11.1 0.00 0.00 25.0 

43 0.60 0.27 0.97 1.84 1.46 1.14 0.00 0.00 0.00 3.14 3.95 2.44 3.08 10.1 9.64 5.56 10.0 14.3 1.99 1.33 2.05 6.06 0.00 9.09 0.00 0.00 0.00 

44 0.00 1.00 0.88 0.00 1.62 1.26 0.00 0.00 0.00 2.91 7.50 6.25 3.33 8.08 8.86 0.00 6.25 0.00 0.94 2.56 2.08 10.5 1.69 2.44 - 0.00 60.0 

45 1.23 1.69 1.00 1.10 1.61 0.00 0.00 5.56 0.00 1.98 7.25 11.0 2.38 6.35 9.52 50.0 18.2 28.6 4.48 4.08 4.35 4.00 2.63 2.56 0.00 16.7 0.00 

46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 5.66 8.57 3.33 9.09 3.85 6.67 - 0.00 - 9.09 9.09 5.26 0.00 6.25 5.88 - 0.00 - 

47 1.54 1.04 2.44 1.27 0.93 0.00 0.00 0.00 0.00 6.52 12.7 4.55 10.0 4.17 7.32 0.00 - 0.00 1.61 1.85 2.17 0.00 4.00 8.70 0.00 - 0.00 

48 0.00 0.00 0.00 0.00 2.33 0.00 - 0.00 0.00 8.33 6.12 18.8 0.00 5.56 0.00 - 0.00 - 3.33 0.00 0.00 0.00 10.0 12.5 - - - 

Notes: M: Mesio-buccal; B: Mid-buccal; D: Disto-lingual. 

            ‘-‘: Not available. 

           ID: Identity Number 

 

 



 
Chapter 6: Incidence and progression of periodontal disease in the people with high level of tooth loss 

57 

 

 

6.3.2.3: Illustration 

The individual incidence density of ALOSS new events calculation is illustrated using a real 

sample (Identity Number (ID) =58xx3) presented in Table 10, compared with a very simple 

and visual graph (see Figure 4) 

 

Table 10 presents the teeth and periodontal status detail of a participant (ID=58xx3). This 

individual was lost to follow-up at 11 years with a total of seven presented teeth at baseline. 

Column 1 is Tooth ID: for instance, Tooth 13 represented the upper right canine tooth. 

Column 2 presents site ID: M= mesio-buccal, B= mid-buccal and D= disto-lingual. Column 

(3-6) shows CAL value of three sites of each tooth at baseline and each follow-up time point. 

The change of CAL (∆CAL) at each interval is presented in Column (7-9), and missing value 

imputed from the estimated probability of ∆CAL ≥ 3mm (see Table 9) is presented in Column 

(14-16). ALOSS new events are shown in Column (10-13) and missing value imputed from 

maximum estimate value of three sites of each tooth are presented in Column (17-20). If one 

of three sites for a tooth had ∆CAL ≥ 3mm (including the probability of occurrence >0), then 

an ALOSS new event was determined to have occurred in this tooth at the interval. For 

example, in Tooth ID=43, one event (∆CAL =3mm) occurred at the disto-lingual site in 

interval II. Columns (21-24) present tooth-years at risk at each interval. For instance, Tooth 

ID=13 and Tooth ID=22 were lost after baseline, and tooth-years at risk was 2 in the interval 

I, and in the interval IV as well, respectively. For example, T13 missing at interval I, the 

probability of occurrence of a new ALOSS event at three sites was 0.00, 0.0099, and 0.0088 

at mesio-buccal, mid-buccal and misto-lingual sites respectively, and then the probability of 

the tooth (Tooth ID=13) becoming a new case was 0.0099. The total new cases were the sum 

of all teeth scores.  

 

In summary, an ALOSS new event occurred and two teeth were lost at interval I (1991-1993), 

and loss of participants to follow-up at interval III (1996-2002). The ALOSS new events and 

tooth loss can be observed visually in Figure 4. Following the structures, the individual 

incidence density of ALOSS new events can be computed at not only each specified interval, 

but also can be calculated at the total follow-up interval.  
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The incidence density of ALOSS events were estimated under three scenarios (before and 

after imputing missing values due to tooth loss and/or loss of participants to follow-up). 

Scenario I was to estimate the individual incidence density of ALOSS new events per 1000 

tooth-years by using complete cases; Scenario II was to estimate the individual incidence 

density of ALOSS events per 1000 tooth-years after imputing the missing values due to tooth 

loss only; Scenario III was to estimate the individual incidence density of ALOSS new events 

per 1,000 tooth-years after imputing of missing values because of tooth loss and loss of 

participants to follow-up. 

 

The individual incidence densities (rate) (IR) of ALOSS new events for the person were: 

IR (Scenario I) = 
∑ nevents (i)

k
i=1

∑ ∆ti   ∑ nteeth (i)
k
i=1

k
i=1

 = 
1+0

 7∗2+5∗3+5∗6
x1000 =16.95 (per 1000 tooth-years) 

IR (Scenario II) = 
∑ nevents (i)

k
i=1

∑ ∆ti   ∑ nteeth (i)
k
i=1

k
i=1

 = 
𝟎.𝟏𝟕𝟎𝟑+𝟏.𝟎𝟒𝟒

7∗2+5∗3+5∗6
x1000 =20.58 (per 1000 tooth-years) 

IR (Scenario III) = 
∑ nevents (i)

k
i=1

∑ ∆tI   ∑ nteeth (i)
k
i=1

k
i=1

 = 
𝟎.𝟏𝟕𝟎𝟑+𝟏.𝟎𝟒𝟒+𝟎.𝟒𝟎𝟑

7∗2+5∗3+5∗6
x1000 =27.41 (per 1000 tooth-years) 

 

 

In summary, the estimation of the incidence density of ALOSS new events (per 1,000 tooth-

years) was lower under the Scenario I than under Scenario II and III. It is indicated that tooth 

loss and/or loss of participants to follow-up influenced the estimation of the incidence and 

progression of periodontal disease. 
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Notes: ∆t1: Interval I (1991-1993) 

∆t2: Interval II (1993-1996) 

∆t3: Interval III (1996-2002) 

∆t4: interval IV (1991-2002), and equalled ∆t1 + ∆t2 + ∆t3 

 

Figure 4: Example of ALOSS new events, tooth loss and the number of tooth-years at risk  
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Table 10: Examples of ALOSS new events calculation (actual scenarios) 

Teeth 
IDNO 

Sites CAL a 
Crude Imputed 

Tooth-years 
 ∆CAL b (Site level) ALOSS events (Teeth Level) ∆CAL ALOSS new events 

  t1 t2 t3 t4 ∆t1 ∆t2 ∆t3 ∆t1 ∆t2 ∆t3 ∆t4 ∆t1 ∆t2 ∆t3 ∆t1 ∆t2 ∆t3 ∆t4 ∆t1 ∆t2 ∆t3 ∆t4 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 

13 

Mc 2 - - - - - - 

0 - - - 

0   

0.0099 - - 0.0099 2 - - 2 Bd 4 - - - - - - 0.0099   

De 4 - - - - - - 0.0088   

43 

M 6 6 4 - 0 -2 - 

0 1 - 1- 

0 0 0.0610 

0.0146 1 0.0910 1.1056 2 3 6 11 B 5  2 - - - - 0.0146 0.10 0.0130 

D 4 2 5 - -2 3 - 0 1 0.0910 

42 

M 8 4 4 - -4 0 - 

0 0 - 0 

0 0 0.0290 

0.0068 0 0.1110 0.1608 2 3 6 11 B 4  4 - - 0 - 0.0068 0 0 

D 9 8 4 - -1 -4 - 0 0 0.1110 

41 

M 4 3 4 - -1 1 - 

0 0 - 0 

0 0 0.0390 

0.1180 0 0.1560 0.3070 2 3 6 11 B 3  4 - - 1 - 0.118 0 0 

D 3 3 4 - 0 1 - 0 0 0.1560 

22 

M 2 - - - - - - 

0 - - - 

0.0210   

0.0210 - - 0.0210 2 - - 2 B 2 - - - - - - 0.0044   

D 2 - - - - - - 0   

32 

M 6 4 4 - -2 0 - 

0 0 - 0 

0 0 0.0250 

0 0 0.0250 0.0250 2 3 6 11 B 3 3 3 - 0 0 - 0 0 0.0140 

D 3 3 2 - 0 -1 - 0 0 0.0200 

33 

M 1 2 2 - 1 0 - 

0 0 - 0 

0 0 0.0200 

0 0.0440 0.0200 0.0640 2 3 6 11 B 2 2 - - 0 - - 0 0.044 0.0150 

D 3 3 5 - 0 2 - 0 0 0 

Total         0 1  1    0.1703 1.044 0.4030 1.6173 14 15 30 59 

Notes: a: t1=baseline, t2=2 years, t3=5 years, and t4=11 years, 

b: ∆CAL= Change of CAL   

c: M= mesio-buccal 

d: B= mid-buccal 

e: D= disto-lingual 

∆t1: Interval I (1991-1993) 

∆t2: Interval II (1993-1996) 

∆t3: Interval III (1996-2002) 

∆t4: interval IV (1991-2002), and equalled ∆t1 + ∆t2  + ∆t3 
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6.3.3: Statistical analyses 

The statistical analysis began with the computation of univariate statistics describing the 

number of site-, teeth- and person-times examined, and the percentage of ALOSS progression 

and reversal, and the percentage of ALOSS new events at different intervals. Differences in 

the mean incidence density of ALOSS events were estimated and compared not only with the 

length of follow-up time (years) based on the three different scenarios (Scenario I, II and III) 

using Tukey’s multiple comparisons tests, but also between the three different scenarios by 

using the Wilcoxon test. Association between the incidence density of ALOSS new events 

and tooth loss (classed as: 0, 1-2 or 3+ groups) was assessed under the three different 

scenarios across 11 years period (interval IV) using Poisson regression. 

 

6.4: Results 

Periodontal examinations were conducted among 801 individuals at baseline, and 596 

(74.4%) were re-examined at least once in follow-up examinations, with 4% (See Chapter 4) 

of them becoming edentulous after the baseline examination. 

 

Table 11: Number of sites, teeth and people by the time of data collection 

  Baseline 2 years 5 years 11 years Total  

 (1991-1992) (1993-1994) (1996-1997) (2002-2003) (1991-2002) 

Sites 37,450 25,623 15,983 9,406 88,462 

Teeth 12,851 9,351 5,446 3,183 30,831 

People 801 596 365 234 1,993 

 

Table 11 presents number of sites, teeth and people at each time point, and total observations. 

The total 1,993 person-times were examined with 88,462 site-times from 30,831 teeth-times 

over the 11-year period. The longer the follow-up, the more missing teeth (due to tooth loss or 

loss to follow-up) and the more periodontal information lost. There were (37,450-25,623) + 

(25,623-15,983) + (15,983-9,406) = 28,044 site-times which had lost periodontal information, 

about 35% (28,044 / (374,502+25,623+15,983) =35%). In other words, nearly 35% of site-

times had missing values of periodontal information (CAL) which should be imputed. 

Otherwise, the progression of periodontal disease would be under-estimated.  
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Table 12: Number and percentage of ALOSS progression and reversal by intervals 

  
Interval I 

(1991-1993) 
Interval II 

(1993-1996) 
Interval III 
(1996-2002) 

Interval IV 
(1991-2002) 

 
Number (%) 

  

Progression  

 % 1 site with ALOSS 3+mm 130 (22.9) 224 (68.5) 107 (51.7) 335 (58.4) 

 % 1 site with ALOSS 2+mm 386 (68.1) 295 (90.2) 182 (87.9) 497 (86.6) 

 % 1 site with ALOSS 1+mm 558 (98.4) 327 (100.0) 203 (98.1) 570 (99.3) 

  

No change  

 % 1 site with ALOSS 0 mm 565 (99.7) 322 (98.5) 207 (100.0) 572 (99.7) 

  

Reversal  

 % 1 site with ALOSS ≤ -1mm 561 (98.9) 299 (91.4) 201 (97.1) 570 (99.3) 

 % 1 site with ALOSS ≤ -2mm 459 (81.0) 172 (52.6) 160 (77.3) 498 (86.8) 

 % 1 site with ALOSS ≤ -3mm 209 (36.9) 51 (15.6) 106 (51.2) 300 (52.3) 

 

Table 12 presents the number and percentage of ALOSS progression and reversal under seven 

threshold scenarios (three thresholds: more than 1, 2 or 3mm for progression; one threshold 

for no change; and another three thresholds: equal or more than 1, 2, 3mm for reversal) at four 

intervals. Comparing with no change of ALOSS, the percentage of both progression and 

reversal of ALOSS decreased with increasing thresholds of progression and reversal of 

ALOSS. The highest percentage of one site with progression of ALOSS and the lowest 

percentage of one site with ALOSS reversal occurred in Interval II. 

 

Table 13: Number and percentage of ALOSS new events (∆CAL ≥ 3mm) by sites, teeth and 

people under the different intervals 

  
Interval I 

(1991-1993) 
Interval II 

(1993-1996) 
Interval III 
(1996-2002) 

Interval IV 
(1991-2002) 

 
Number (%) 

Sites 214 (0.8) 622 (4.3) 299 (3.3) 1135 (2.3) 

Teeth 201 (2.1) 533 (9.8) 257 (8.1) 991 (5.5) 

People 130 (21.8) 224 (61.4) 107 (45.7) 461 (38.6) 

 

Table 13 presents the number and percentage of ALOSS new events (∆CAL ≥ 3mm) at the 

site, teeth and person level and different intervals. The highest percentage of ALOSS events 

was occurrence at interval II at sites, teeth and person level. This was consistent with the 

highest percentage of ALOSS progression that occurred at interval II (see Table 12). 
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Figure 5: Distribution of IR of ALOSS new events per 1,000 tooth-years (Scenario I)  

 

Figure 5 shows the distribution of the individual incidence density of ALOSS new events per 

1,000 tooth-years under the estimation of Scenario I, which was positively skewed with more 

than 50% values being zero ALOSS new events per 1,000 tooth-years. The following figures 

(Figure 6 and Figure 7) show the distribution of the individual incidence density of ALOSS 

new events per 1,000 tooth-years after imputing the missing values for tooth loss (Scenario 

II), and tooth loss and loss of participants to follow-up (Scenario III). 
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Figure 6: Distribution of IR of ALOSS events per 1,000 tooth-years (Scenario II) 

 

Figure 6 shows the distribution of the individual incidence density of ALOSS new events per 

1,000 tooth years after imputing missing values due to tooth loss only. This distribution curve 

was positively skewed with less than 50% values being zero ALOSS new events per 1,000 

tooth-years. It is indicated that the estimated progression of periodontal disease increased 

after teeth lost were considered.   
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Figure 7: Distribution of IR of ALOSS events per 1,000 tooth-years (Scenario III) 

 

After imputing missing values because of both tooth loss and loss of participants to follow-up, 

the individual incidence density of new ALOSS events being zero reduced to around 25% 

(See Figure 7) compared with the individual incidence density of ALOSS events using only 

complete cases and using imputed missing values due to tooth loss only. It is implied that 

there has still been periodontal disease progression among people without follow-up, but this 

could not be captured because of being lost to follow-up. 
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Table 14: Mean individual incidence density of periodontal disease per 1,000 tooth -years 

under the Scenario I by sample characteristic and different intervals  

  Interval I Interval II Interval III Interval IV 

  (1991-1993) (1993-1996) (1996-2002) (1991-2002) 

  Incidence density of ALOSS new events 

   Mean (SD)  

Sex         

 Female 9.0 (23.7) 33.8 (48.1) 9.5 (15.0) 10.9 (15.2) 

 Male 14.0(31.6) 33.5(43.6) 15.9(21.2) 12.4 (17.4) 

Year of birth group (years)     

 Before 1917 13.4 (36.2) 31.3 (35.5) 26.1 (9.3) 8.9 (14.9) 

1917-26 14.7 (29.1) 36.6 (50.6) 16.0 (19.7) 12.1 (16.6) 

 1927-31 9.9 (26.6) 32.4 (44.0) 11.6 (18.5) 12.3 (16.9) 

Tooth loss (baseline)       

 0-10 6.9 (21.2)  21.7(25.2) 8.9 (13.0) 8.4 (11.3) 

 11--20 11.4 (23.4) 34.6 (35.8) 16.1 (20.6) 12.0 (14.5) 

 21-31 17.0 (37.5) 43.0 (63.1) 13.1 (20.5) 14.4 (21.2) 

     

Total  12.0 (28.8) 33.6 (45.5) 12.9 (18.8) 11.8 (16.6) 

 

Table 14 presents the mean individual incidence density of ALOSS new events per 1,000 

tooth-years based on Scenario I at different intervals. In general, the mean individual 

incidence densities of ALOSS events were higher in male than in female older adults at 

intervals I, III and IV. The lowest mean individual incidence densities of ALOSS events was 

in the youngest cohort at interval I, II and III, but was in the oldest cohort over the 11-year 

period (interval IV).  

 

The lowest mean individual incidence density of ALOSS events per 1,000 tooth-years was in 

the lowest tooth loss group (0-10) of baseline at different intervals, which indicated a further 

aspect of the association of tooth loss with periodontal disease. In other words, it implied a 

history of association between the progression of periodontal disease and tooth loss, in which, 

the greater the progression of periodontal disease, the greater the tooth loss.  
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Table 15: The mean individual incidence of ALOSS new events under the different scenarios 

by length of follow-up time  

  

 

Scenario I  Scenario II  Scenario III  

  N 

Incidence density of ALOSS new events (IR) 

 Mean (SD) 

Lost follow-up after baseline  205 - - 8.1 (7.7-8.4)* 

Lost follow-up after two years 231 6.4 (4.7-8.2) 6.5 (4.8-8.2)* 20.8 (19.0-22.6) 

Lost follow-up after five years 131 11.6 (9.0-14.2) 11.4 (9.0-13.8)* 18.7 (16.0-21.5) 

Retained to eleven years 234 18.6 (16.1-21.1) 20.2 (17.6-22.8) 20.2 (17.6-22.8) 

Total  801 11.8 (10.5-13.1) 13.0 (11.6-14.4) 17.8 (16.7-18.9) 

 

Notes: Tukey’s multiple comparisons tests: *P<0.0001  

           Scenario I:   Mean IR of ALOSS events per 1000 tooth-years (competed cases estimation) 

           Scenario II: Mean IR of ALOSS events per 1000 tooth-years (imputed missing value due to tooth 

loss only) 

           Scenario III: Mean IR of ALOSS events per 1000 tooth-years (imputed missing value because of 

tooth loss and lost to follow-up) 

 

Table 15 presents the mean incidence density of ALOSS events by length of follow-up time 

(years) under the three different scenarios. The mean incidence density of ALOSS new events 

per 1,000 tooth-years increased with the increased length of time for both Scenarios I and II. 

However, there was no difference between follow-up groups, except those lost to follow-up 

after baseline at Scenario III. This implied that there was no difference in the mean incidence 

density of ALOSS events between lengths of follow-up (years) after imputing all missing 

values.  
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Table 16: Comparing the mean difference of the individual incidence density of ALOSS new 

events per 1,000 tooth-years between scenarios 

  
N Difference of IR  

Mean (95% CI) 
DF t-value P-value* 

Scenario I  & Scenario II  596 -1.2 (-1.3,-1.0) 595 -11.9 <.0001 

Scenario I & Scenario III  596 -8.3 (-8.8, -7.8) 595 -30.3 <.0001 

Scenario II & Scenario III 596 -7.1 (-7.7,-6.6) 595 -24.6 <.0001 
 

Notes:   IR: Incidence density/rate; *The Wilcoxon test. 

             Scenario I: Mean IR of ALOSS events per 1000 tooth-years (completed cases) 

             Scenario II: Mean IR of ALOSS events per 1000 tooth-years (imputed missing value due to tooth loss) 

             Scenario III: Mean IR of ALOSS events per 1000 tooth-years (imputed missing value due to tooth loss 

and loss of participants to follow-up) 

 

The difference in mean individual incidence density of ALOSS new events between scenarios 

is presented in Table 16. The mean number of individual incidence density of ALOSS new 

events increased 1.2 per 1,000 tooth-years with imputed missing values due to tooth loss 

(Scenario II) and 8.3 per 1,000 tooth-years with imputed missing values due to tooth loss and 

loss of participants to follow-up (Scenario III) respectively, compared with completed cases 

without imputing missing values (Scenario I). The mean number of individual incidence 

density of ALOSS new events increased 7.1 per 1,000 tooth-years with imputed missing 

values due to tooth loss and lost to follow-up (Scenario III), compared with imputed missing 

values due to tooth loss only (Scenario II). These results indicated that if the individual 

incidence density of ALOSS new events was estimated without imputation of missing values, 

there was under-estimation and a ‘survival biases’. 

 

Therefore, the final individual incidence density calculation of new ALOSS events per 1,000 

tooth-years for each participant should use Scenario III to represent the incidence and 

progression of periodontal disease for the person over the follow-up time period.  
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Table 17: Association between the individual incidence densities of ALOSS new events per 

1,000 tooth-years and teeth lost under the difference scenarios over 11 years period 

 

   N Scenario I Scenario II Scenario III 

  

 

IRR (95%CI) 

0 288 1.00 1.00 1.00 

1-2 174 1.23 (0.94-1.60) 1.28 (0.99-1.65) 1.88 (1.46-2.43) 

3+ 134 1.89 (1.45-2.47) 2.22 (1.73-2.85) 2.05 (1.70-2.46) 

 

Note: IRR: incidence density (rate) ratio. 

           Scenario I:  Mean individual incidence density of ALOSS events per 1000 tooth-years (completed cases) 

           Scenario II: Mean individual incidence density of ALOSS events per 1000 tooth-years (imputed missing 

value due to tooth loss only) 

           Scenario III: Mean individual incidence density of ALOSS events per 1000 tooth-years (imputed missing 

value due to tooth loss and loss of participants to follow-up) 

 

Table 17 presents the relative risk ratio of the individual incidence density of ALOSS new 

events per 1,000 tooth-years by tooth loss groups under the three different scenarios across 

the 11-year period (interval IV). In general, the individual incidence density of ALOSS new  

events was around 2 times higher in the ‘tooth loss’ groups under the different scenarios, 

compared to ‘no tooth loss’ group. 

 

6.5: Summary 

The summary of this chapter presents the main findings and the advantages of using the 

individual incidence density of ALOSS new events calculation to estimate the progression of 

periodontal disease. 

 

6.5.1: Main findings 

This study found that: 1) the more tooth loss, the higher the periodontal disease progression, 

and 2) the incidence and progression of periodontal disease would be under-estimated without 

considering missing values due to tooth loss and loss to follow-up. 
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6.5.2: Advantages of individual incidence density calculation 

Individual incidence density is a measure of the average rate of ALOSS events incidence per 

tooth-time of an individual, which represents an individual’s incidence and progression of 

periodontal disease in the long term. There are a number of advantages in this approach when 

estimating the incidence and progression of periodontal disease.  

 

Firstly, an ALOSS ≥ 3mm definition of a new event reflects a real incidence and progression 

of periodontal disease. Previous analyses using SADLS data (Slade & Spencer 1995) and 

other study datasets (Elter et al. 1999) have confirmed that ALOSS ≥ 3mm as a threshold to 

define a new event reflects a true incidence and progression of periodontal disease rather than 

measurement error.  

 

Secondly, the individual incidence density allows for repeated events. ALOSS events can 

occur in the same person, on the same teeth, and even on the same site of a tooth over the 

follow-up time. Cumulative incidence of ALOSS events as the numerator of the incidence 

density calculation would indicate the progression of periodontal disease of an individual over 

multiple time periods. Therefore, the incidence and progression of periodontal disease would 

be estimated more accurately. 

 

Thirdly, the individual incidence density calculation by ‘tooth-time’ as a unit would be 

suitable for individuals with a high level of tooth loss. In periodontal epidemiological studies, 

information came from each tooth of an individual. Periodontal measures, such as GR, PPD 

and CAL, were observed repeatedly over time. Therefore, tooth information within each 

individual is correlated. Unlike younger adults, variation in the numbers of teeth was common 

among older adults. It would be more accurate if the denominator was expressed in ‘tooth-

time’ rather than ‘person-time’ units. 

 

Fourthly, tooth loss would affect the calculation of incidence and progression of periodontal 

disease. However, the individual incidence density of ALOSS events calculated at the tooth 

level with imputing missing values due to tooth loss or lost to follow-up would reduce the 

bias of estimation.  
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Therefore, individual incidence density of ALOSS events calculated at the tooth level of a 

person with imputing missing values would estimate the progression of periodontal disease 

more accurately; even if there was only one follow-up measurement. Moreover, the value of 

incidence density of ALOSS events per tooth-years at risk based on Scenario III was the 

ability to represent the periodontal disease incidence and progression of an individual, and 

record the progression of periodontal disease for the person over the follow-up time period. 

This measure of progression of periodontal disease is used as the periodontal outcome for the 

remaining data analyses.  
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Chapter 7:  Systemic diseases and periodontal disease 

This chapter is related to research Question 2 (Question 2: Does systemic ill-health predict the 

incidence and progression of periodontal disease?), and presents the analyses on the 

relationship of periodontal disease and systemic disease in older South Australians. The 

statistical results and the main findings are reported and discussed. These findings provide 

evidence for the associations between systemic diseases and periodontal disease incidence 

and the progression that is explored in this study. 

 

7.1: Introduction 

The association between periodontal disease (referring specifically to chronic periodontitis) 

and systemic diseases has been widely studied. Both periodontal and systemic diseases are 

recognised as multifactorial chronic diseases which share multiple risk factors. Studies have 

shown that smoking, obesity, stress, social-economic status and alcohol consumption (dose-

response) are risk factors for periodontal disease (Genco & Borgnakke 2013; Neto et al. 2012) 

as well as for systemic diseases such as diabetes, cardiovascular diseases (including heart 

disease and hypertension), cerebrovascular diseases and stroke, respiratory diseases and 

cancer (Athyros et al. 2013). 

 

Most epidemiological studies have focused on how periodontal disease impacts on systemic 

diseases. Although the mechanism for the possible relationship is not clear, some well-known 

theories included: (1) the systemic inflammation theory (Amar et al. 2003; Mercanoglu et al. 

2004; Tonetti et al. 2007), which assumes that systemic inflammation may be increased by 

periodontal infection, leading to a chronic state of insulin resistance, resulting in a cycle of 

hyperglycaemia which increases the risk of developing diabetes; or increased circulating 

cytokines, such as C-reactive protein (CRP) and inflammation mediators, which could cause 

vascular endothelium damage and lead to the development of cardiovascular diseases; (2) the 

infection theory, which states that oral organisms directly invade the blood vessels, leading to 

endothelial dysfunction and inflammation, affecting the lungs (Ford et al. 2005). (3) The 

common susceptibility theory (Seymour et al. 2007) assumes that a person who is susceptible 

to developing periodontal disease, could also be susceptible to some systemic diseases. 

However, these systemic diseases are not necessarily due to periodontal disease.  
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Nevertheless, most of the inferences to date are drawn from cross-sectional or case-control 

studies which were unable to effectively assess causality in this relationship. Less attention 

has been given to whether systemic diseases are putative risk factors for the incidence and 

progression of periodontal disease. A limited number of cross-sectional or case-control studies 

showed that diabetes and osteoporosis were risk factors for periodontal diseases (Guiglia et al. 

2013; Kaur et al. 2009). 

 

7.2: Aim 

The aim of this study was to evaluate the role of systemic diseases in predicting the incidence 

and progression of periodontal disease (ALOSS new events per 1,000 tooth-years) among a 

cohort of older adults in South Australia. 

 

7.3: Methods 

Methods included selection of samples, composition of variables, and a statistical analysis 

approach. 

 

7.3.1: Sample 

The sample used for this data analysis involved baseline information (data) of participants’ 

social demographic characteristics (including sex, year of birth, highest educational 

attainment, household income and employment status), systemic illness (including 10 chronic 

diseases: asthma, COPD, hypertension or high blood pressure, a heart condition or heart 

attack, stroke or a small stroke (TIA), diabetes, arthritis, cataracts, osteoporosis or hip 

fracture, cancer or malignancy), dental and other health-related behaviours (such as oral 

hygiene, dental visiting and smoking status), and the incidence and progression of periodontal 

disease over the follow-up period. The individual incidence density of ALOSS events per 

1,000 tooth-years (Scenario III: imputed missing value due to tooth loss and loss of 

participants to follow-up) was used to represent the incidence and progression of periodontal 

disease (see Chapter 6). 
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7.3.2: Variables 

7.3.2.1: Risk predictors variables 

Histories of 10 systemic diseases: diabetes, CVD such as heart disease, hypertension and 

stroke, respiratory disease including asthma and COPD, arthritis, cataracts, osteoporosis or 

hip fracture and cancer or malignancy were obtained from baseline interview, and 

dichotomised variables (present or absent) were constructed as risk predictors. 

 

7.3.2.2: Covariates (other independent variables) 

Covariates were identified at baseline and grouped into the following categories: 

 

Social demographic characteristics: Sex (male or female), Year of birth cohort (before 

1917, 1917-26 or 1927-31), Highest educational attainment (Secondary school, Trade to 

Diploma degree or Tertiary), and Socio-economic status (SES) which combined employment 

and household income status (High: household income ≥ $20,000 annually and/or employed) 

and (Low: household income < $ 20,000 annually and/or unemployed) because there were 

many missing values for these variables. 

 

Dental behaviours: Oral hygiene (>1/day, 3-6/week or <3/week), which combined brushing 

and flossing frequencies, Regular dental visiting (Dental visiting in the last 12 months: Yes or 

No), Reason for dental visiting (Problem or Check-up).  

 

Other health related behaviours: Dental insurance (Yes or No), Smoking status (Current 

smoker, used to smoke or never smoked). 
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7.3.2.3: Outcome variable 

The outcome of interest for the present study was the incidence and progression of 

periodontal disease which was estimated by calculating the individual incidence density of 

ALOSS new events with imputing missing values due to tooth loss and lost to follow-up 

(Scenario III) and represented by the ALOSS new events per 1,000 tooth-years (see Chapter 

6). In brief, ALOSS was determined as a change of CAL at each site per tooth, which was 

calculated by subtracting prior CAL from the follow-up CAL at each interval. A new ALOSS 

event for a tooth was defined as at least one site with a change of CAL ≥ 3mm and constituted 

one event at the end of the interval. The sum of ALOSS events over each interval for an 

individual was calculated and constituted total new events of an individual over the total time 

period. The incidence times of the ALOSS events at each interval were used to account for 

the length of time all teeth (tooth-year) were at risk for the events of each individual. 

Therefore, the outcome numerator was the total number of new ALOSS events, and the 

outcome denominator was the sum of tooth-years at risk. Missing values at the site level were 

imputed by estimating the probability of new ALOSS events occurrence (see Chapter 6).  

 

7.3.3: Statistical analyses 

Data analyses included descriptive and multivariate analyses. 

 

7.3.3.1: Descriptive analyses 

The analysis began with the computation of univariate statistics describing the frequency of 

participants by socio-demographic characteristics, dental and other health-related behaviours, 

the prevalence of chronic disease at baseline, as well as the estimation of the mean individual 

incidence density of ALOSS events, as described previously, among groups categorised by 

these sample characteristics.  

 

7.3.3.2: Multivariate analyses  

Following the computation of univariate statistics analyses, bivariate associations between 

risk predictors (10 chronic diseases at baseline) as well as covariates (including socio-

demographic and baseline dental and other health-related behaviours) and the incidence 

density of ALOSS new events were estimated with rate ratio (RR) and tested using the chi-

square test. 
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After the bivariate statistics analyses, all candidate variables that had an RR ≥ 1.3 or a p-value 

≤ 0.3 (Warnakulasuriya et al. 2010) were involved in the full model (Model 7-1) for 

multivariable analyses. The final model (Model 7-2) of multivariable analyses applied a 

threshold p-value ≤ 0.05 in order to provide a parsimonious explanation of the data. 

 

Poisson regression with robust standard errors was applied as a statistical model to estimate 

bivariate and multivariable relationships of the individual incidence density of ALOSS events 

with systemic diseases, socio-demographic characteristics, and dental and other health-related 

behaviours. 

 

7.4: Results 

Some 801 participants aged 60+ years completed a face-to-face interview and had a 

periodontal examination at baseline. A reduced number of people 596, 365 and 234 were re-

examined 2, 5 and 11 years later, respectively (see Figure 1, page 26).  
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7.4.1: Sample characteristics and association with periodontal disease progression 

Table 18 presents the sample socio-demographic characteristics, and their association with the 

incidence and progression of periodontal disease. A higher percentage of the sample was 

male, middle birth cohort, with a secondary school education or below, and a low SES. The 

mean individual incidence density of ALOSS new events was 17.8 (95% CI: 16.7-18.9) per 

1,000 tooth-years (see Table 15, page 67). In participants who were male and had lower SES, 

the rate of average ALOSS events per 1,000 tooth-years was 1.2 (95% CI: 1.05-1.36) and 

around 1.5 (95%CI: 1.29-1.66) times higher respectively than that for participants who were 

female and had higher SES.  

 

Table 18: Sample socio-demographic characteristics (baseline) and association with 

periodontal disease incidence and progression measured using incidence density of ALOSS 

new events per 1,000 tooth-years. 

  Incidence density of ALOSS new events 

 Baseline N (%) Mean (SD)  IRR (95%CI) 

Sex  
    Female 322 (40.2) 15.9 (14.6) 1.00 

 Male 479 (59.8) 19.0 (16.8) **1.20 (1.05-1.36) 

Year of birth groups 
   Before 1917 251 (31.3) 16.7 (14.8) 1.00 

 1917-26 344 (43.0) 19.5 (17.8) **1.17 (1.01-1.35)  

 1927-31 206 (25.7) 16.1 (13.7) 0.96 (0.82-1.13) 

Education level 
   Tertiary 74 (9.2) 16.2 (13.1) 1.00 

 Trade to diploma  271 (33.8) 19.2 (18.5) ***1.19 (0.96-1.47)  

 Secondary  455 (56.8) 17.2 (14.7) ****1.06 (0.87-1.29) 

SES  

    High 272 (34.0) 13.7 (11.8) 1.00 

 Low 520 (64.9) 20.0 (17.5) *1.46 (1.29-1.66) 
 

Notes: Chi-square test: *P-value <0.0001, **P-value <0.01, ***P-value <0.05, ****P-Value <0.3 

            IRR: Incidence density (rate) ratio 

           SES: Socio economic status 
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Table 19 shows the baseline characteristics of dental and other health-related behaviours, and 

their association with periodontal disease progression. A higher percentage of the sample 

were people who brushed/flossed at least once a day, never smoked, had regular dental visits, 

visited for a problem, and were without dental insurance. 

 

The mean ALOSS events per 1,000 tooth-years was also greater among those who practised 

oral hygiene less than 4 times a week (1.29, 95% CI: 1.04-1.60) and visited for problems 

(1.10, 95% CI: 0.97-1.24). Other behaviours associated with an elevated rate of ALOSS 

events were people who did not have dental insurance (1.13, 95% CI: 0.99-1.29), were current 

smokers (1.39, 95% CI: 1.14-1.70) and previous smokers (1.22, 95% CI: 1.07-1.39). 

 

Table 19: Sample dental and other health-related behaviours characteristics (baseline) and 

association with periodontal disease incidence and progression measured by incidence density 

of ALOSS new events per 1,000 tooth-years 

  Incidence density of ALOSS new events 

 Baseline N (%) Mean (SD) IRR (95%CI) 

Oral hygiene 
   ≥1/day  363 (45.3) 16.6 (14.8) 1.00 

 4-6/week 342 (42.7) 18.0 (15.4) ****1.09 (0.96-1.24) 

 <4/week 96 (12.0) 21.3 (21.1) ***1.29 (1.04-1.60)  

Regular dental visiting 
   Yes 594 (74.2) 17.7 (15.8) 1.00 

 No 201 (25.1) 18.0 (16.8) 1.01 (0.87-1.17) 

Reasons for dental visiting 
  Check 331(41.3) 16.8 (13.4) 1.00 

 Problem 470 (58.7) 18.5 (17.5) ****1.10 (0.97-1.24) 

Dental insurance 
   Yes 331 (41.3) 16.5 (16.2) 1.00 

 No 463 (57.8) 18.7 (15.9) ****1.13 (0.99-1.29)  

Smoking status 
   Never smoked 360 (44.9) 15.6 (13.2) 1.00 

 Used to smoke  350 (43.7) 19.0 (17.4) **1.22 (1.07-1.39) 

 Current smoker 90 (11.2) 21.7 (19.0) **1.39 (1.14-1.70) 
 

Notes:     Chi-square test: *P-value <0.0001, **P-value <0.01, ***P-value <0.05, ****P-Value <0.3 

               IRR: Incidence density (rate) ratio (unadjusted) 
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Baseline prevalence of systemic diseases, mean individual incidence density of ALOSS new 

events and bivariate associations between the incidence and progression of ALOSS events 

and baseline pre-existing systemic disease is presented in Table 20. Chronic arthritis, 

hypertension, heart disease and cataracts were the most common disorders, with a prevalence 

of 51%, 35%, 19% and 17%, respectively, where all other diseases were less frequent 

(<15%). The incidence and progression of average ALOSS events for people who had 

diabetes and COPD was 1.29 (95% CI: 1.01-1.63) and 1.25 (95% CI: 1.04-1.50) times higher 

respectively than for those not suffering from these two diseases. 
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Table 20: Prevalence of chronic diseases at baseline and association with periodontal disease 

progression measured by incidence density of ALOSS new events per 1,000 tooth-years 

                Incidence density of ALOSS new events 

 Baseline N (%) Mean (SD) IRR (95%CI) 

Arthritis 
    No 392 (48.9) 18.4 (17.1) 1.00 

 Yes 409 ( 51.1) 17.1 (14.8) ****0.93 (0.82-1.05) 

Asthma 
    No  740 (92.4) 17.7 (15.9) 1.00 

 Yes 61 (7.6) 18.9 (17.1) 1.07 (0.85-1.35) 

COPD 
    No 694 (86.6) 17.2 (15.4) 1.00 

 Yes 103 (12.9) 21.5 (19.1) ***1.25 (1.04-1.50) 

Cancer 
    No 704 (87.9) 18.0 (14.1) 1.00 

 Yes 96 (12.0) 15.9 (16.2) ****0.88 (0.73-1.06) 

Cataracts  
   No 666 (83.1) 18.1 (16.5) 1.00 

 Yes 135 (16.9) 16.1 (12.8) ****0.89 (0.76-1.03) 

Diabetes 
   No 749 (93.5) 17.4 (15.7) 1.00 

 Yes 48 (6.0) 22.4 (19.1) ***1.29 (1.01-1.63) 

Heart 
    No 649 (81.0) 17.6 (15.8) 1.00 

 Yes 152 (19.0) 18.5 (16.6) 1.05 (0.90-1.23) 

Hypertension 
   No 519 (64.8) 17.9 (16.6) 1.00 

 Yes 282 (35.2) 17.6 (14.7) 0.98 (0.87-1.12) 

Osteoporosis 
   No 767 (95.8) 17.9 (16.0) 1.00 

 Yes 34 (4.2) 13.8 (15.2) ****0.77 (0.53-1.11) 

Stroke 
    No 744 (92.9) 17.8 (16.1) 1.00 

 Yes 57 (7.1) 16.8 (14.4) 0.94 (0.75-1.19) 
 

Notes:     Chi-square test: *P-value <0.0001, **P-value <0.01, ***P-value <0.05, ****P-Value <0.3 

               IRR: Incidence density (rate) ratio (unadjusted) 

 COPD: Chronic obstructive pulmonary disease (combining chronic bronchitis and/or emphysema) 
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7.4.2: Association between periodontal disease progression and systemic diseases 

After adjusting for sex, birth cohort, highest educational attainment, oral hygiene, reason for 

dental visiting, dental insurance, arthritis, cancer, cataracts and osteoporosis (full model: 

Model 7-1), in people who suffered from diabetes and COPD, the incidence and progression 

of average ALOSS events per 1,000 tooth-year was 1.20 (95% CI: 0.96-1.51) and 1.28 (95% 

CI: 1.08-1.53) times higher respectively than for those not suffering from these diseases (See 

Table 21). The final model (Model 7-2) shows that, in people who suffered from diabetes and 

COPD, the incidence and progression of average ALOSS events per 1,000 tooth-year was 

1.26 (95% CI: 1.01-1.58) and 1.24 (95% CI: 1.04-1.47) times higher respectively than for 

those not suffering from these diseases (See Table 21). Other characteristics significantly 

associated with higher incidence density of ALOSS new events were those with low SES and 

those exposed to current and previous smoking respectively, compared to those with high SES 

who had never smoked. 

 

Table 21: Association between systemic diseases and the periodontal disease progression 

(Poisson regression model) 

 Model 7-1   Model 7-2 

 IRR (95%CI) P-value  IRR (95%CI) P-value 

SES  

 High 1.00   1.00  

 Low 1.47 (1.29-1.67) <.0001 
 

1.47 (1.30-1.67) <.0001 

Smoking status 

 Never smoked 1.00   1.00  

 Used to smoke 1.14 (0.98-1.31) 0.08 
 

1.20 (1.06-1.37) 0.0046 

 Current smoker 1.36 (1.12-1.66) 0.0021  1.41 (1.17-1.70) 0.0004 

COPD  

 No 1.00 
  

1.00 
  Yes 1.28 (1.08-1.53) 0.0054 

 
1.24 (1.04-1.47) 0.017 

Diabetes 

 No 1.00 
  

1.00 
  Yes 1.20 (0.96-1.51) 0.1053 

 
1.26 (1.01-1.58) 0.0449 

 

Notes: IRR: incidence density (rate) ratio; SES: Social Economic Status; COPD: Chronic obstructive 

pulmonary disease.  

            Model 7-1: Full model which adjusted sex, birth cohort, highest educational attainment, oral hygiene, 

reason for dental visiting, dental insurance, arthritis, cancer, cataracts and osteoporosis.  

            Model 7-2: Final model which adjusting for SES, Smoking status, diabetes and COPD 
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7.5: Summary 

This chapter presents the approach undertaken to examine the Question 2 (Does systemic ill-

health predict the incidence and progression of periodontal disease?). Following is a summary 

of the study’s main findings. The chapter concludes with a discussion of the association 

between systemic diseases and the incidence and progression of periodontal disease. 

 

7.5.1: Main findings 

The present study evaluated the role of systemic diseases in predicting the incidence and 

progression of periodontal attachment loss (ALOSS) among a cohort of older adults in South 

Australia. The findings of the study have shown that predictors of baseline systemic diseases 

for the incidence and progression of periodontal attachment loss (ALOSS) include diabetes 

and COPD after adjusting for baseline smoking status and social economic status. 

 

7.5.2: Association between systemic ill-health and periodontal disease progression 

The incidence and progression of periodontal disease was 1.26 and 1.24 times higher 

respectively in people with diabetes or COPD, compared with those without these diseases. 

This finding is also supported in the literature (Genco & Borgnakke 2013; Oztekin et al. 2013; 

Taylor et al. 1998). 

 

Although the biological mechanism of these diseases affecting periodontal disease is not well 

understood, a number of studies found that people with these diseases had higher levels of 

systemic markers of inflammation in serum, saliva or crevicular fluid (Beck et al. 2005; 

Oztekin et al. 2013). A proposed mechanism was that people with diabetes or COPD may 

have a higher systemic inflammatory response, presenting as the release of a large amount of 

cytokines and soluble mediators such as interleukin-1 beta (IL-1ß) and prostaglandin E2 

(PGE2). These mediators are involved in the activation of tissue and bone destruction, leading 

to damage of the periodontal ligament and alveolar bone (Engebretson et al. 2002; 

Offenbacher, Heasman & Collins 1993 ), reducing the resistance of periodontal tissues to 

bacterial attack, and increasing risk of infection, thus resulting in worsening periodontal 

disease (Zhong et al. 2007). 
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In the present study it was demonstrated that people who were current smokers had a 1.4 

times and those who used to smoke had a 1.2 times higher rate of incidence and progression 

of periodontal disease respectively, as compared to those who never smoked. This finding is 

consistent with cross-sectional studies where smokers were more likely to present with 

periodontitis, compared to non-smokers; and smoking cessation could reduce severe 

periodontal disease (Albandar et al. 2000). Smoking is considered as a pathogenetic factor in 

periodontal disease. Although the mechanism by which cigarette use causes periodontal tissue 

destruction has not yet been fully understood, some evidence has shown that the toxic 

substances in cigarettes, especially nicotine, induces peripheral vasoconstriction and reduces 

gingival blood flow and oxygen tension in the periodontal pockets (Heasman et al. 2006). 

Smoking has also been shown to alter the neutrophil function and increase the level of 

pathogenic T-cell subsets, resulting in the overgrowth of anaerobes and periodontal tissue 

infection, thus breaking down or restraining periodontal regeneration (Heasman et al. 2006).  

 

In conclusion, diabetes and COPD appear to be risk predictors of the incidence and 

progression of periodontal attachment loss. Systemic diseases as putative predictors may be 

helpful to estimate the progression of periodontal disease and discover potential new causal 

mechanisms. A strong causal inference can be drawn from the longitudinal study design with 

the inclusion of possible confounders in this research. 
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Chapter 8:  Daily life effects on the incidence and progression of 

periodontal disease 

This chapter is related to research Question 3 (Question 3: Does functional limitation and/or 

cognitive impairment have a direct effect on the incidence and progression of periodontal 

disease?), and presents analyses of the association between the daily life conditions (including 

the functional limitation and/or the cognitive impairment) and periodontal disease progression 

in older South Australians with high levels of tooth loss. The statistical results and the main 

findings are reported and discussed. These findings provide evidence for the relationships that 

are explored in this research. 

 

8.1: Introduction  

The ability to carry out daily living activities, and cognitive functions, slow down with ageing 

(Plassman et al. 2008). This may be due to an increase in the prevalence of some chronic 

systemic illnesses as people get older, therefore resulting in daily life functional limitation and 

/or cognitive impairment.  

 

Disabilities with daily living activities, referred to as functional limitation, means people’s 

daily living activities, such as walking, dressing, bathing, eating, getting up and sitting down, 

or even using the toilet, cannot be performed by themselves. They might require equipment or 

the assistance of another person, such as a carer, to perform those activities (Lawton 1971). 

Studies (Norton et al. 2013; Pow et al. 2005; Stuck et al. 1999) have shown that functional 

limitation was associated with some chronic diseases, such as diabetes, CVD, stroke, arthritis 

and osteoporosis or hip fracture. A common measure for functional assessment of older 

people has been the Instrumental Activities of Daily Living Scale (IADL) (Lawton 1971; 

Lawton & Brody 1969). The IADL assess older people across 8 items: 1) Ability to use a 

telephone; 2) Shopping; 3) Food preparation; 4) Housekeeping 5) Laundry; 6) Mode of 

transportation; 7) Responsibility for own medications; and, 8) Ability to handle finances. It 

gives a score for each item, and then sums the total score, ranging from 0-8. A lower score 

indicates a higher level of dependence.  
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Cognitive impairment presents as problems with thinking, remembering, learning new 

information or writing, and ranges from mild to severe (Cromwell, Eagar & Poulos 2003). 

Dementia is a severe cognitive impairment which is common in older adults. People with 

mild cognitive impairment may still have the ability to perform everyday activities, while 

severe cognitive impairment can lead to the inability to live independently. The common 

methods for evaluating cognitive impairment and/or dementia in older adults include the 

Mini-Mental State Examination (MMSE) (Folstein, Folstein & McHugh 1975), and the 

Clock-Drawing Test (CDT) which assess cognitive function by drawing a clock, and gives a 

score (ranging from 1 to 10). Higher scores mean better cognitive performance (Tuokko et al. 

1992b). 

 

The onset of chronic periodontitis, the most common presentation of periodontal diseases, 

generally commences in early adulthood and progresses slowly with age. Approximately 5-

15% of the world’s population has severe chronic periodontitis (Burt 2005; Meyer et al. 

2008). In Australia, the National Survey of Adult Oral Health (NSAOH) 2004-2006 (Slade, 

Spencer & Roberts-Thomson 2007) showed that 20.5% and 2.4% of Australian adults had 

moderate and severe periodontal disease respectively. Chronic periodontitis is highly 

prevalent in the older population, affecting 60.8% of elderly Australians (Slade, Spencer & 

Roberts-Thomson 2007). Many risk factors which are closely linked to people’s daily life, 

such as: age, smoking status, and some chronic diseases, such as diabetes (Kaur et al. 2009), 

CVD, arthritis and osteoporosis (Heasman et al. 2006; Ogawa et al. 2002), have a causal 

relationship with the development of periodontal disease. Therefore, it is reasonable to 

hypothesise that those daily living activities, cognitive status and general health conditions are 

associated with periodontal health of the elderly (Yu & Kuo 2008).  

 

The role of dental behaviours, such as oral hygiene and oral health care, in mediating this 

relationship, remains unclear. Only a few studies have reported the impact of periodontal 

disease on people’s daily lives (O’Dowd 2010; Locker 1988). Normal daily living activities, 

including oral hygiene and dental services use, could be disrupted due to functional limitation 

which, in turn, would affect periodontal disease progression. This qualifies the hypothesis in 

that it assumes functional limitation affect periodontal disease through dental health 

behaviours. However, functional limitation may have a direct effect on periodontal disease. In 

fact, to our knowledge, there are no longitudinal studies estimating the direct effect of 

functional limitation on periodontal disease incidence and progression in older adults. 
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Only a few studies have reported that cognitive impairment is significantly associated with 

periodontal disease. Yu and Kuo reported (2008) a greater likelihood of periodontal disease 

for those with cognitive impairment amongst the non-institutionalised older adults in the 

United States. Normal daily activities, including oral hygiene and oral health care, would be 

disrupted due to declining cognitive functions, which, in turn, would affect periodontal 

disease progression. Again this hypothesis assumes cognitive impairment affects periodontal 

disease through dental health behaviours, but does not address a potential direct effect of 

these factors on periodontal disease. At the time of writing, there were no longitudinal studies 

estimating the direct effect of cognitive impairment on older adults’ periodontal disease 

progression.  

 

Causality factors relevant in human health issues can be defined as: ‘A factor is a cause of a 

disease or health-related condition if its operation increases the frequency of the disease or 

condition’ (Elwood 1998). In order to establish causality, stringent criteria must be satisfied 

(Hill 1965). The condition needs to occur before the disease outcome (temporality) and it 

needs to be biologically plausible. If a condition does not fulfil the causality criteria, but is 

frequently observed to be associated with the studied outcome, it can still be considered as a 

risk factor, which increases susceptibility to the periodontal infection. It is not known if there 

are causal effects of daily life conditions such as functional limitation and/or cognitive 

impairment on the periodontal disease incidence or progression. Marginal structural 

modelling (MSM), rather than conventional regression approaches, is considered a powerful 

tool for estimating and making a direct inference of exposure on an outcome from 

observational data while accounting for intermediate variables (Nandi et al. 2012; Robins, 

Hernan & Brumback 2000).  

 

8.2: Aim:  

The aim of this component of the study was to estimate the direct effect of daily life on the 

periodontal disease progression that is not mediated by the dental behaviours of older South 

Australians. Achieving this aim included: 

 Estimating the effect of functional limitation on periodontal disease progression  

 Estimating the effect of cognitive impairment on periodontal disease progression 

 Estimating the effect of daily life (functional limitation and cognitive impairment) on 

the periodontal disease progression  
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8.3: Conceptual frame work 

The hypothesised causal pathways to estimate the effects of functional limitation, and/or 

cognitive impairment on the incidence and progression of periodontal disease are shown in 

Figure 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Directed acyclic graph (DAG) for the testing of effect of functional limitation and/or 

cognitive impairment on the incidence and progression of periodontal disease.  

 

The causal theory assumed a number of relationships between the study variables. Confounders (C) 

represents all the measured confounders such as sex, birth cohort, smoking status and systemic illness; 

Exposure (E) represents functional limitation or/and cognitive impairment; Mediators were dental 

behaviours (‘Oral hygiene’ and ‘Dental visiting’) and the Outcome (Y) was the incidence and 

progression of periodontal disease. 

 

There are total, direct and indirect effects linking daily life (including functional limitation 

and/or cognitive impairment) to periodontal disease as indicated: 

 

                        Total effect = Direct effect + Indirect effect 

 

 Direct effect: Path 1 represents a direct effect of functional limitation or/and cognitive 

impairment on the incidence and progression of periodontal disease;  
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 Indirect effect: Path 2*3 represents an indirect effect (via mediators: dental 

behaviours) of functional limitation or/and cognitive impairment on the periodontal 

disease progression.  

 

8.4: Data  

The South Australian Dental Longitudinal Study (SADLS) data from baseline, and at each 

time point for daily living activity, cognitive status, general health condition, dental and other 

behaviours and periodontal health status information were used for this study. The present 

study was a secondary data analysis. Cognitive condition data were not collected at baseline 

and at the 2-year follow-up, but collected at five years. Therefore, separate datasets 

(functional limitation data, cognitive data and daily life data) were used to estimate the effect 

of functional limitation, cognitive impairment and daily life, on the incidence and progression 

of periodontal disease. It needs to be stressed that daily life information was measured at prior 

time points, and periodontal disease progression measured at later time points. 

 

8.5: Statistical analyses  

The analysis began with the computation of univariate statistics describing the frequency of 

participants by socio-demographic characteristics, dental and other health-related behaviours, 

chronic diseases and daily life conditions, as well as periodontal disease progression among 

groups categorised by these sample characteristics.  

 

Following the computation of univariate statistics analyses, bivariate associations between 

independent variables (including confounders, exposures and mediators) and periodontal 

disease progression were estimated with risk ratios (RRs) by using log linear models.   

 

Then, the effects of daily life (including functional limitation and/or cognitive impairment) on 

the progression of periodontal disease were estimated using two approaches: the conventional 

regression approach to estimate the adjusted direct effect, and the marginal structure model 

approach to estimate the controlled direct effect.  

 

Firstly, the direct effects of exposures (functional limitation and/or cognitive impairment) 

were estimated, adjusting the measured confounders and/or mediators between the exposures 

and periodontal disease progression by fitting a log-linear model. 
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                       log [𝑃(𝑌 = 1|𝐸 = 𝑒, C = c)] = 𝛽0 + 𝛽1𝐸 +𝛽2𝐶  

 

and 

log  [𝑃 (𝑌 = 1|𝐸 = 𝑒, 𝑀 = 𝑚, 𝐶 = 𝑐)] = 𝛽0 + 𝛽1𝐸 + 𝛽2𝑀 + 𝛽3 𝐶 

 

Secondly, the controlled direct effects of daily life (functional limitation and/or cognitive 

impairment) on the progression of periodontal disease not mediated by dental behaviours, 

were estimated after accounting for potential confounding by measured confounders (such as 

sex, birth cohort and chronic diseases) using marginal structural models (MSMs) (Nandi et al. 

2012; Robins, Hernan & Brumback 2000). 

 

log  [𝑃 (𝑌 = 1|𝐸 = 𝑒, 𝑀 = 𝑚)] = 𝛽0 + 𝛽1𝐸 + 𝛽2𝑀 

 

In MSMs, the stabilised inverse-probability weights (SW) need to be estimated by calculating 

𝑾𝒊
𝑬 and 𝑾𝒊

𝑴: 

 

 The weight 𝑊𝑖
𝐸  which accounts for measured confounding of the relation between 

exposures and the incidence and progression of periodontal disease.  

 

𝑾𝒊
𝑬 =

𝑷(𝑬 = 𝒆𝒊)

𝑷(𝑬 = 𝒆𝒊|𝑪 = 𝒄𝒊)
 

 

The numerator of 𝑊𝑖
𝐸  is the probability of having functional limitation or/and cognitive 

impairment that the individual in fact experienced. The denominator of 𝑊𝑖
𝐸 is the probability 

of having functional limitation or/and cognitive impairment that the individual in fact 

experienced and conditional on the set of confounders. 

 

 The weight  𝑊𝑖
𝑀 accounts for measured confounding of the relation between dental 

behaviours and the progression of periodontal disease. 

 

 𝑾𝒊
𝑴 =

𝑷(𝑴 = 𝒎𝒊 |𝑬 = 𝒆𝒊)

𝑷(𝑴 = 𝒎𝒊 |𝑬 = 𝒆𝒊, 𝑪 = 𝒄𝒊 , )
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The numerator of 𝑊𝑖
𝑀 is the probability of having dental behaviours that the individual in fact 

experienced. The denominator of 𝑊𝑖
𝑀  is the probability of having the mediator, dental 

behaviours, that the individual in fact experienced, conditional on daily life status and the set 

of confounders. 

 

Weights were estimated using multinomial logistic regressions where the response variables 

for 𝑊𝑖
𝐸 and   𝑊𝑖

𝑀 were categorised for functional limitation or/and cognitive impairment and 

oral hygiene and/or dental visiting respectively. SW used in MSMs for mediators was 

calculated as:  

SW=𝑾𝒊
𝑬 x   𝑾𝒊

𝑴 

 

A weighted log liner model was used to estimate risk ratio (RR). 

 

As exposure variables (including functional and/or cognitive status) were independent, and 

data collection was not at the same time points, three separated samples and analyses were 

conducted to estimate the effect of functional limitation, cognitive impairment, and daily life 

on the incidence and progression of periodontal disease. 

 

8.6: Functional limitation 

8.6.1: Aim 

The aim of this data analysis was to estimate the direct effects of functional limitation on the 

incidence and progression of periodontal disease that were not mediated by the dental 

behaviours of older South Australians. The study hypothesised that functional limitation of 

older adults has a direct effect on the incidence and progression of periodontal disease.  

 

8.6.2: Sample 

The final sample for functional limitation analyses consisted of 801 dentate people who 

completed face-to-face and/or telephone interviews at baseline, at 2 and 5 years; and 

underwent oral epidemiological examination by the dentist examiners at baseline in 1991-

1992, and repeated at 2, 5 and 11 years later (See Figure 2 in Chapter 4, page 32).  
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8.6.3: Variables 

 Exposure variable 

Exposure variable was functional limitation status which was dichotomised into ‘Yes’ and 

‘No’. Functional limitation was defined as ‘Yes’ if the participant reported ‘Needing help for 

going somewhere (e.g. shopping) OR ‘Do not leave house’ OR ‘Needing three or more of 

house-holder services supported per week’. Otherwise, functional limitation was ‘No’. 

 

 Outcome variable 

The outcome of interest for this study was the incidence and progression of periodontal 

disease which was estimated by calculating the individual incidence density of new ALOSS 

(change of CAL ≥ 3mm) per 1000 tooth-years over the 11-year period (Scenario III) (details 

see Chapter 6). The incidence and progression of periodontal disease was dichotomised into 

‘Yes’ (the individual incidence density of new ALOSS events ≥ 1 per 1,000 tooth-years) and 

‘No’ (the individual incidence density of new ALOSS events < 1 per 1,000 tooth-years). 

 

 Confounders 

Confounders of this analysis included Sex (Male and Female), Highest educational attainment 

(Tertiary, Trade to Diploma degrees and Secondary school or below), Year of birth cohort 

(Before 1917, 1917-26 and 1927-31), Smoking status (Never smoked, used to smoke and 

currently a smoker) and chronic diseases (present and absent) which included diabetes, CVD 

(combining Heart disease and Hypertension), stroke, arthritis, and osteoporosis or hip 

fracture. 

 

 Mediators 

The mediators included two dental behaviours: Oral hygiene (combining tooth brushing and 

flossing frequency and categorising ‘More than once per day’, ‘4-6 times per week’ and ‘Less 

than 4 times per week’) and Dental visiting behaviours (‘Regular and Check-up’: ‘Regular 

dental visiting or dental visiting for check-up’ and ‘Irregular or Problems’: ‘Dental visiting 

for a problem, or had not made a dental visit for more than 2 years, or never sees a dentist’). 
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8.6.4: Analyses 

Figure 9 depicts the assumed relationship between functional limitation study variables. 

Confounder represents all the measured confounders: sex, birth cohort and systemic illness 

(including diabetes, CVD, arthritis, osteoporosis or hip fracture and stroke); exposure was 

functional limitations; mediators were dental behaviours (oral hygiene and dental visiting 

behaviour); and outcome was the incidence and progression of periodontal disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Directed acyclic graph between functional limitation and the incidence and progression of 

periodontal disease.  

 

After estimating the adjusted direct effects, the controlled directs effects of functional 

limitation on the incidence and progression of periodontal disease of older South Australians 

were estimated by using the marginal structural models (MSMs) approach. Figure 9 shows the 

causal pathway of functional limitation on periodontal disease via two dental behaviours. 

Therefore, two marginal structural models were fitted: 
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Model 8-1: Estimating the controlled direct effect of functional limitation on the incidence 

and progression of periodontal disease that was not mediated by oral hygiene after accounting 

for confounders (sex, birth cohort, education level, smoking status and having diabetes, CVD, 

arthritis, osteoporosis or hip fracture and stroke). 

 

Model 8-2: Estimating the controlled direct effect of functional limitation on the incidence 

and progression of periodontal disease that was not mediated by dental visiting behaviours 

after accounting for confounders (sex, birth cohort, education level, smoking status and 

having diabetes, CVD, arthritis, osteoporosis or hip fracture and stroke). 

 

8.6.5: Results 

A sample of 801 functional status participant data was used in functional limitation analyses. 

The characteristics of the samples used in the analyses, and the association with periodontal 

disease progression are shown in Table 22.  

 

The total percentage of older South Australians having the incidence and progression of 

periodontal disease was 45% over the 11-year period. More than 10% of people had 

functional limitation. More than 40% of them brushed or flossed their teeth at least once a 

day, and 60% of them were regular dental visitors, or visited for check-ups. Nearly 60% of 

participants were male, 10% of them had Tertiary degrees (University education), more than 

30% were born before 1917 and 20% of them had never smoked. There were 60%, more than 

55%, nearly 9%, 7%, and more than 10% of participants who experienced arthritis, CVD, 

diabetes, osteoporosis or hip fracture and stroke, respectively.  

 

The incidence and progression of periodontal disease for people who had functional limitation 

was 1.5 times higher than those without functional limitation. In participants who were in the 

middle and youngest cohort, previous and currently smokers, irregular dental visitors, or those 

that made dental visits for a problem, and brushing or flossing their teeth less than 6 per week, 

the progression of periodontal disease was higher (ranging from 1.2 to 2.4 times) than for 

people who were the oldest cohort, never smoked, brushing or flossing their teeth more than 

once a day, and regular dental visiting, and visiting for check-ups.  
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Table 22: Sample characteristics of functional status data, and the association with 

periodontal disease progression  

  

 

Periodontal disease progression 

 
N (%)       % (95% CI) 

           RR (95% CI) 

            (unadjusted) 

Total         801 45.3 (41.9-48.8)            

Sex 
  

 

  Female 322 (40.2) 45.0 (39.6-50.5) 1.00 

  Male 479 (59.8)   45.5 (41.0-50.0) 1.01 (0.87-1.18) 

Year of birth cohort  

  Before 1917 251(31.3) 36.7 (30.7-42.7) 1.00 

  1917-26 344 (43.0) 48.8 (43.5-54.1) 1.33 (1.10-1.62) 

  1927-31 206 (25.7) 50.0 (43.1-56.9) 1.36 (1.10-1.69) 

Education level 
 

 

  Tertiary 74 (9.2) 50.0 (38.3-61.7) 1.00 

  Trade to diploma degrees 271(33.8) 50.6 (44.6-56.5) 1.01 (0.78-1.31) 

  Secondary 455 (56.8) 41.5 (37.0-46.1) 0.83 (0.65-1.07) 

Smoker 
  

 

  Never smoked 160 (20.0) 24.4 (17.7-31.1) 1.00 

  Used to smoke 378 (47.2) 45.8 (40.7-50.8) 1.88 (1.40-2.52) 

  Currently smoker 262 (32.7) 57.6 (51.6-63.7) 2.36 (1.77-3.17) 

Arthritis 
  

 

  No  321 (40.1) 45.2 (39.7-50.6) 1.00 

  Yes 480 (59.9) 45.4 (40.9-49.9) 1.01 (0.86-1.17) 

CVD 
  

 

  No  351(43.8) 45.6 (40.9-50.2) 1.00 

  Yes 450 (56.2) 45.0 (39.8-50.2) 0.99 (0.85-1.15) 

Diabetes 
 

  

  No  733(91.5) 45.3 (41.7-48.9) 1.00 

  Yes 68 (8.5) 45.6 (33.4-57.7) 1.01 (0.77-1.32) 

Osteoporosis 
 

 

  No  746 (93.1) 45.3 (41.7-48.9) 1.00 

  Yes 55 (6.9) 45.5 (31.9-59.0) 1.00 (0.74-1.35) 

Stroke 
  

 

  No  708 (88.4) 45.6 (41.9-49.3) 1.00 

  Yes 93(11.6) 43.0 (32.8-53.3) 0.94 (0.74-1.21) 

Oral Hygiene 
 

 

  >1/Day 328 (41.0) 37.8 (32.5-43.1) 1.00 

  4-6/week 229 (28.6) 46.7 (40.2-53.2) 1.24 (1.02-1.50) 

  <4/week 244 (30.5) 54.1 (47.8-60.4) 1.43 (1.19-1.71) 

Dental visiting behaviour 
 

 

  Regular and Check-up  477 (59.6) 42.3 (37.9-46.8) 1.00 

  Irregular or Problem 324 (40.5) 49.7 (44.2-55.2) 1.17 (1.01-1.37) 

Functional Limitation 
 

 

  No  717 (89.5) 43.0 (39.3-46.6) 1.00 

  Yes 84 (10.5) 65.5 (55.1-75.9) 1.52 (1.28-1.82) 
 

Note: CVD: Cardiovascular diseases (combining hypertension and heart disease) 
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Table 23: Associations between functional limitation and dental behaviours  

  Function limitation 
 

 

No 
(n=717) 

Yes 
(n=84) 

P-value 

 % (95% CI)  

Oral Hygiene 
  

0.5225 

  >1/day 40.3 (36.7-43.9) 46.4 (35.5-57.3) 
   4-6/week 28.7 (25.4-32.1) 27.4 (17.6-37.1) 
   <4/week 31.0 (27.6-34.4) 26.2 (16.6-35.8) 
 Dental visiting behaviour 

  
0.1011 

  Regular and  Check-up  58.6 (55.0-62.2) 67.9 (57.7-78.1) 
   Irregular or Problem 41.4 (37.8-45.0) 32.1 (21.9-42.3) 
  

Table 23 shows the association between functional limitation and two dental behaviours 

among older South Australians. The results indicated that there was no statistically significant 

relationship between functional limitation and either oral hygiene or dental visiting behaviour.  
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Table 24: Adjusted direct effects of functional limitations on periodontal disease progression  

  Model-C 

 

Model-OH  

 

Model-DV 

  

 RR (95%  CI) 
Sex 

      Female 1.00 
 

1.00 
 

1.00 
 Male 0.97 (0.83-1.14) 

 
0.95 (0.81-1.12) 

 
0.97 (0.82-1.14) 

Year of birth cohort      

 Before 1917 1.00  1.00  1.00 

 1917-26 1.31 (1.08-1.58)  1.27 (1.05-1.54)  1.28 (1.06-1.55) 

 1927-31 1.29 (1.05-1.60)  1.26 (1.02-1.55)  1.30 (1.06-1.60) 
Education level 

      Tertiary 1.00 
 

1.00 
 

1.00 
 Trade to diploma  0.93 (0.74-1.18) 

 
0.93 (0.74-1.18) 

 
0.97 (0.76-1.23) 

 Secondary 0.82 (0.65-1.03) 
 

0.81 (0.64-1.02) 
 

0.84 (0.67-1.06) 
Smoke status 

      Never smoked 1.00 
 

1.00 
 

1.00 
 Used to smoke  1.86 (1.37-2.52) 

 

1.82 (1.34-2.46) 

 

1.76 (1.32-2.36) 
 Currently smoker 2.18(1.62-2.94) 

 

2.08 (1.55-2.80 

 

2.07 (1.56-2.75) 
Arthritis 

      No  1.00 
 

1.00 
 

1.00 
 Yes 1.02 (0.88-1.18) 

 
1.04 (0.90-1.21) 

 
1.02 (0.88-1.18) 

CVD 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.97 (0.83-1.13) 
 

1.05 (0.90-1.23) 
 

1.03 (0.89-1.20) 
Diabetes 

      No  1.00 
 

1.00 
 

1.00 
 Yes 0.96 (0.75-1.24) 

 
0.93 (0.73-1.19) 

 
0.98 (0.76-1.26) 

Osteoporosis 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.97 (0.72-1.31) 
 

0.94 (0.69-1.26) 
 

0.93 (0.70-1.24) 
Stroke 

      No  1.00 
 

1.00 
 

1.00 
 Yes 0.96 (0.76-1.22) 

 
0.98 (0.78-1.25) 

 
1.00 (0.79-1.27) 

Oral Hygiene 
      ≥ 1/day - 

 
1.00 

 
- 

 4-6/week - 
 

1.11 (0.92-1.34) 
 

- 
 <4/week - 

 
1.29 (1.08-1.53) 

 
- 

Dental visiting behaviour 
  Regular and  Check-up  - 

 
- 

 
1.00 

  Irregular or Problem - 
 

- 
 

1.19 (1.03-1.37) 
Functional Limitation 
 No  1.00 

 
1.00 

 
1.00 

 Yes 1.36 (1.15-1.62)   1.36 (1.15-1.61)   1.41 (1.19-1.67) 
Notes:  

 Model_ C: adjusted all confounders (sex, birth cohort, education level, smoke status, arthritis, CVD, 

diabetes, osteoporosis and stroke). 

 Model-OH: adjusted oral hygiene and all confounders. 

 Model-DV: adjusted dental visiting behaviour and all confounders
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Estimates of the adjusted direct effect of functional limitation on the periodontal disease 

progression are presented in Table 24. The direct effect estimate after adjusting for a set of 

confounders (Model _C), oral hygiene and confounding (Model _OH), and dental visiting 

behaviours and confounding (Model _DV), indicated that people who had functional limitation 

showed an increase risk of 1.36 (95% CI: 1.15-1.62), 1.36 (95% CI: 1.15-1.61) and 1.41 

(1.19-1.67) times respectively, for periodontal disease progression, compared with those who 

did not have functional limitation.  

 

Table 25: Controlled direct effect of functional limitation on the incidence and progression of 

periodontal disease by using MSMs 

  Model 8-1   Model 8-2 

  RR (95% CI) p-value   RR (95% CI)  p-value 

Functional limitation 
 

 

    No 1.00 
  

1.00 
  Yes 1.57 (1.33-1.86) <.0001 

 
1.54 (1.30-1.83) <.0001 

Oral Hygiene 
      >1/day 1.00 

  
- 

  4-6/week 1.08 (0.89-1.30) 0.4283 
 

- 
  <4/week 1.27 (1.07-1.51) 0.0072    -   

Dental visiting behaviour 

  Regular and  Check-up  -   1.00  

  Irregular or Problem -   1.12 (0.97-1.30) 0.1250 

 

Table 25 presents the controlled direct effects of functional limitation on the incidence and 

progression of periodontal disease. In the marginal structural models, people who had 

functional limitation showed an increased risk of periodontal disease progression 1.57 

(95%CI: 1.33-1.86) times after controlling for their oral hygiene behaviours and 1.54 (95%CI: 

1.30-1.83) times after controlling for their dental visiting behaviour, compared with those 

who did not have functional limitation.  
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8.7: Cognitive impairment 

8.7.1: Aim 

The aim of the data analyses was to estimate the direct effects of cognitive impairment on the 

incidence and progression of periodontal disease. The study hypothesised that cognitive 

impairment of older adults has a direct effect on the incidence and progression of periodontal 

disease.  

 

8.7.2: Sample 

Data used for these analyses were from the 5 and 11-year follow-up of the South Australian 

Dental Longitudinal Study (SADLS). The final sample for this study included 365 dentate 

people who consented to and underwent an interview at the 5-year follow-up, as this is when 

cognitive impairment status information was collected. At the 5-year follow-up, participants 

were asked ‘Has a doctor told you that you have Dementia or Alzheimer’s disease?’ A Clock-

Drawing Test was also completed (Tuokko et al. 1992) to test cognitive status. The individual 

incidence density of ALOSS new events (Scenario III) data at interval III (1996-2002) was 

used to represent the incidence and progression of periodontal disease (see Chapter 6). 

 

8.7.3: Variable 

 Exposure variable 

Cognitive impairment was considered when a participant had dementia or a clock-drawing 

test score≤ 4 which was grouped ‘Yes’, otherwise was ‘No’ (score > 4) at 5-year follow-up 

time point. 

 

 Outcome variable 

The outcome of interest for this data analysis was the incidence and progression of 

periodontal disease over a 6-year period (from 5 to 11 years follow-up) which was defined as 

at least one site of a tooth having a change of CAL ≥ 3mm. After adjusting for tooth loss and 

lost to follow-up, the incidence and progression of periodontal disease was dichotomised into 

‘Yes’ (the individual incidence density of new ALOSS events ≥ 1 per 1,000 tooth-years) and 

‘No’ (the individual incidence density of new ALOSS events < 1 per 1,000 tooth-years). 
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 Confounders 

Confounders included Sex (Male and Female), Education level (Tertiary, Trade to Diploma 

degrees and Secondary), Year of birth cohort (Before 1917, 1917-26 and 1927-31), Smoking 

status (Never smoked, Used to smoke, and Currently smokes) and chronic diseases (present 

and absent) which included diabetes, CVD (combining heart disease and hypertension) and 

stroke. 

 

 Mediators 

The mediators included two dental behaviours: Oral hygiene (combining tooth brushing and 

flossing frequency and categorising ‘More than once per day’, ‘4-6 times per week’ and ‘Less 

than 4 times per week’) and Dental visiting behaviours (‘Regular and Check-up’: ‘Regular 

dental visiting, or dental visiting for check-up’ and ‘Irregular or Problems’: ‘Dental vising for 

a problem, or had not made a dental visit for more than two years, or never sees a dentist’). 
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8.7.4: Analyses  

Figure 10 depicts the assumed relationship between cognitive impairment study variables. 

Confounder represents all the measured confounders (including sex, birth cohort, education 

level, smoke status and chronic diseases: diabetes, CVD and stroke); Exposure was cognitive 

impairment; Mediators were dental behaviours (Oral hygiene and Dental visiting behaviour); 

and Outcome was the incidence and progression of periodontal disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10: Directed acyclic graph between cognitive impairment and periodontal disease progression.  

 

In estimating the controlled direct effect of cognitive impairment on the incidence and 

progression of periodontal disease by using the marginal structural models (MSMs) approach 

(See Figure 10) with stabilised inverse-probability-weighted (SW) (Nandi et al. 2012), two 

marginal structural models were fitted: 

 

Model 8-3: Estimating the controlled direct effect of cognitive impairment on the incidence 

and progression of periodontal disease that was not mediated by oral hygiene after accounting 

for confounders (sex, birth cohort, education level, smoking status and having diabetes, CVD 

and stroke). 

 

 

Cognitive impairment 

 

Oral hygiene 

Periodontal disease progression 

Dental visiting  

Confounders  
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Model 8-4: Estimating the controlled direct effect of cognitive impairment on the incidence 

and progression of periodontal disease that was not mediated by dental visiting behaviour 

after accounting for confounders (sex, birth cohort, smoking status and having diabetes, CVD 

and stroke). 

 

8.7.5: Results 

A sample of 365 persons with cognitive status data was used in cognitive impairment 

analyses.  Table 26 shows the sample characteristics, which also included the percentage of 

those with periodontal disease progression. The total percentage of older South Australians 

having periodontal disease progression was nearly 65% over the 6-year period. Less than 40% 

of the people had cognitive impairment. Less than 60% of them brushed or flossed their teeth 

at least once a day, and around half were regular dental visitors or visited for check-ups. 

Around 60% of the participants were male, 10% of them had Tertiary degrees, more than 20% 

were born in 1917 or before and 45% had never smoked. The percentage of participants, who 

had experienced diabetes, CVD, and stroke, were 7, 56 and 10 respectively.  

 

The total effects estimate indicated that the progression of periodontal disease for people who 

had cognitive impairment was 1.8 times higher than those without cognitive impairment. 

Participants within the middle and youngest cohort, who were currently smokers, irregular 

dental visitors, or those who visited for a problem, and those who brushed or flossed their 

teeth less than 4 times per week, had a progression of periodontal disease which was higher 

(ranging from 1.3 to 1.4 times) than for people who were in the oldest cohort, never smoked, 

brushed or flossed their teeth at least once a day, and had regular dental visiting and dental 

visited for check-ups (see Table 26).  

 

 

 

 

 

 

 

 

 



 

Chapter 8: Daily life effects on the progression of periodontal disease 

102 

 

 

Table 26: Sample characteristics of cognitive status data and the association with periodontal 

disease progression  

  

 

         Periodontal disease progression 

 
N (%) % (95% CI) 

RR (95% CI) 
            (unadjusted) 

Total 365 63.6 (58.6-68.5) - 

Sex 
  

 

 Female 151 (41.4) 62.3 (54.4-70.1) 1.00 

 Male 214 (58.6) 64.5 (58.0-70.9) 1.04 (0.88-1.21) 

Year of birth cohort  

 Before 1917 73 (20.0) 50.7 (38.9-62.4) 1.00 

 1917-26 178 (48.8) 66.3 (59.3-73.3) 1.31 (1.02-1.68) 

 1927-31 114 (31.2) 67.5 (58.8-76.3) 1.33 (1.03-1.73) 

Education level  

 Tertiary 36 (9.9) 69.4 (53.0-85.3) 1.00 

 Trade to diploma  138 (37.8) 59.4 (51.1-67.7) 0.86 (0.66-1.11) 

 Secondary 190 (52.1) 65.8 (59.0-72.6) 0.95 (0.75-1.20) 

Smoke status 
  

 

 Never smoked 163 (44.7) 62.0 (54.4-69.5) 1.00 

 Used to smoke 141 (38.6) 56.0 (47.7-64.3) 0.90 (0.75-1.09) 

 Currently smoker 61(16.7) 85.2 (76.1-94.4) 1.38 (1.17-1.61) 

Diabetes 
  

 

 No  340 (93.2) 64.1 (59.0-69.2) 1.00 

 Yes 25 (6.9) 56.0 (35.1-6.9) 0.87 (0.61-1.25) 

CVD 
  

 

 No  159 (43.6) 65.4 (57.9-72.9) 1.00 

 Yes 206 (56.4) 62.1 (55.5-68.8) 0.95 (0.81-1.11) 

Stroke 
  

 

 No  328 (89.9) 64.9 (59.7-70.1) 1.00 

 Yes 37 (10.1) 51.4 (34.5-68.2) 0.79 (0.57-1.09 

Oral Hygiene  

 ≥ 1/day 210 (57.5) 61.0 (54.3-67.6) 1.00 

 4-6/week 127 (34.8) 64.6 (56.1-73.0) 1.06 (0.90-1.25) 

 <4/week 28 (7.7) 78.6 (62.4-94.8) 1.29 (1.03-1.61) 

Dental visiting behaviours  

  Regular and  Check-up  177 (48.5) 53.1 (45.7-60.5) 1.00 

  Irregular or Problem 188 (51.5) 73.4 (67.0-79.8) 1.38 (1.17-1.63) 

Cognitive Impairment  

 No  223 (61.1) 48.4 (41.8-55.0) 1.00 

 Yes 142 (38.9) 87.3 (81.8-92.9) 1.80 (1.55-2.09) 

Note: CVD: Cardiovascular diseases (combining hypertension and heart disease) 
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Table 27: Associations between cognitive impairment and dental behaviours  

  Cognitive impairment   

 

No 
(n=223) 

Yes 
(n=142) 

P-value* 

 % (95% CI)  

Oral Hygiene 
 

0.0047 

  >1/day 60.1 (53.6-66.6) 53.5 (45.2-61.8) 
   4-6/week 35.9 (29.5-42.2) 33.1 (25.3-40.9) 
   <4/week 4.0 (1.4-6.6) 13.4 (7.7-19.0) 
 Dental visiting behaviour 

 
0.0196 

  Regular and  Check-up  53.4 (46.8-60.0) 40.9 (32.7-49.0) 
   Irregular or Problem 46.6 (40.0-53.2) 59.2 (51.0-67.3)   

Note: *Chi-square test 

 

Table 27 presents the association between cognitive impairment and the two dental 

behaviours. The results indicated that there was a statistically significant relationship between 

cognitive impairment and dental behaviours. The largest difference between percentages in 

cognitive impairment status occurred in the brushing/flossing teeth less than 4 times per week 

and irregular dental visiting or dental visiting for a problem groups. People who had cognitive 

impairment were more likely to be brushing/flossing their teeth less than 4 times per week 

(13.4%) than those without cognitive impairment (4.0%), and were more likely to be 

irregularly making dental visits (59.2%) than those without cognitive impairment (46.6%). 
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Table 28: Adjusted direct effects of cognitive impairment on periodontal disease progression 

  Model-C 

 
Model-OH 

 

Model-DV 

   RR (95% CI)   

Sex 
      Female 1.00 

 
1.00 

 
1.00 

 Male 1.05 (0.93-1.19) 
 

1.05 (0.93-1.19) 
 

1.04 (0.92-1.18) 

Year of birth cohort 
      Before 1917 1.00 

 
1.00 

 
1.00 

 1917-26 1.08 (0.94-1.23) 
 

1.08 (0.94-1.23) 
 

1.07 (0.94-1.22) 

 1927-31 1.09 (0.95-1.24) 
 

1.09 (0.95-1.24) 
 

1.08 (0.94-1.24) 

Education level 
      Tertiary 1.00 

 
1.00 

 
1.00 

 Trade to diploma  0.94 (0.81-1.09) 
 

0.94 (0.81-1.09) 
 

0.93 (0.80-1.08) 

 Secondary 0.95 (0.83-1.10) 
 

0.95(0.83-1.10) 
 

0.94 (0.81-1.10) 

Smoke status 
      Never smoke 1.00 

 
1.00 

 
1.00 

 Used to smoke 0.97 (0.87-1.08) 
 

0.97 (0.87-1.08) 
 

0.97 (0.87-1.08) 

 Currently smoke 1.07 (0.89-1.28) 
 

1.07 (0.89-1.29) 
 

1.05 (0.87-1.26) 

Diabetes 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.94 (0.77-1.14) 
 

0.94 (0.78-1.14) 
 

0.95 (0.78-1.14) 

CVD 
      No  1.00 

 
1.00 

 
1.00 

 Yes 1.00 (0.91-1.10) 
 

1.00 (0.91-1.10) 
 

1.00 (0.91-1.10) 

Stroke 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.95 (0.80-1.13) 
 

0.95 (0.80-1.13) 
 

0.95 (0.80-1.14) 

Oral Hygiene 
      >6/week - 

 
1.00 

   4-6/week - 

 
1.00 (0.91-1.10) 

   <4/week - 

 
1.01 (0.78-1.30) 

  Dental visiting behaviour 

  Regular and  Check-up  - 

   
1.00 

  Irregular or Problem - 
   

1.06 (0.97-1.17) 

Cognitive Impairment 
      No  1.00 

 
1.00 

 
1.00 

 Yes 1.20 (1.08-1.33) 
 

1.20 (1.07-1.33) 

 

1.18 (1.06-1.32) 

Notes:      
 Model_ C: adjusted all confounders (sex, birth cohort, education level, smoke status, CVD, diabetes, 

and stroke). 

 Model-OH: adjusted oral hygiene and all confounders. 

 Model-DV: adjusted dental visiting behaviour and all confounders.  

 



 

Chapter 8: Daily life effects on the progression of periodontal disease 

105 

 

 

Estimates of the adjusted direct effects of cognitive impairment on the periodontal disease 

progression are presented in Table 28. After adjusting for a set of confounding (Model _C), 

oral hygiene and confounding (Model _OH), and dental visiting behaviour and confounding 

(Model _DV), the direct effect of cognitive impairment on periodontal disease progression 

increased 1.20 (95% CI: 1.08-1.33), 1.20 (95% CI:  1.07-1.33) and 1.18 (1.06-1.32) times as 

well respectively, compared with those without cognitive impairment. 

 

Table 29: Controlled direct effect of cognitive impairment on the incidence and progression 

of periodontal disease (MSMs) 

  Model 8-3   Model 8-4 

  RR (95% CI) p-value   RR (95% CI) p-value 

Cognitive impairment 
       No 1.00 

  
1.00 

   Yes 1.71 (1.47-1.99) <.0001 
 

1.65 (1.43-1.91) <.0001 

Oral Hygiene 
      > 1/day 1.00 

  
- 

   4-6/week 0.96 (0.84-1.09) 0.5061 
 

- 
   <4/week 1.15 (0.70-1.91) 0.583    -   

Dental visiting behaviour 

  Regular and Check-up - 
  

1.00 
   Irregular or Problem - 

  
1.18 (1.04-1.35) 0.0121 

 

The estimated controlled direct effects of cognitive impairment on periodontal disease 

progression are shown in Table 29. The estimated direct effects of having cognitive 

impairment on raising the progression of periodontal disease were 1.71 (95%CI: 1.47-1.99) 

times when controlling for their oral hygiene behaviours and 1.65 (95% CI: 1.43-1.91) times 

after controlling for dental visiting behaviour respectively, compared to those who did not 

have cognitive impairment. 
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8.8: Daily life effect analyses  

After estimating the direct effect of functional limitation and cognitive impairment on the 

progression of periodontal disease, the direct effect of daily life conditions (including 

functional and/or cognitive status) was considered. Sample, outcome, and mediator variables 

were the same as the cognitive impairment study, and the confounders the same as those used 

in the functional limitation study. The aim of this analysis was to estimate the direct effects of 

daily life on the incidence and progression of periodontal disease that was not mediated by the 

dental behaviours of older South Australians. 

 

The exposure variable this time was ‘daily life’ which included any functional limitation 

and/or cognitive impairment experienced any participants. Daily life status was categorised 

as: ‘No functional limitation AND Cognitive impairment’, ‘Having functional limitation 

only’, ‘Having cognitive impairment only’ and ‘Having both functional limitation AND 

cognitive impairment’. 

 



 

Chapter 8: Daily life effects on the progression of periodontal disease 

107 

 

 

8.8.1: Analyses  

Figure 11 depicts the assumed relationship between daily life study variables. Confounder 

represents all the measured confounders (sex, birth cohort, education level, smoking status 

and systemic illness: diabetes, CVD (combining heart disease and hypertension), stroke, 

arthritis, and osteoporosis or hip fracture; exposure was daily life (including functional 

limitation and/or cognitive impairment); mediators were dental behaviours (dental visiting 

behaviour and oral hygiene); and outcome was the incidence and progression of periodontal 

disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11: Directed acyclic graph between daily life and periodontal disease progression.   

 

In estimating the controlled direct effect of daily life on the incidence and progression of 

periodontal disease by using the marginal structural models (MSMs) approach with stabilised 

inverse-probability-weighted (SW) (Nandi et al. 2012), two marginal structural models were 

fitted: 
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Model 8-5: Estimating the controlled direct effect of daily life on the incidence and 

progression of periodontal disease that was not mediated by oral hygiene after accounting for 

confounders (sex, birth cohort, education level, smoking status and having arthritis, diabetes, 

CVD, stroke, and osteoporosis or hip fracture). 

 

Model 8-6: Estimating the controlled direct effect of daily life on the incidence and 

progression of periodontal disease that was not mediated by dental visiting behaviours after 

accounting for confounders (sex, birth cohort, smoking status and having arthritis, diabetes, 

CVD, Stroke, and osteoporosis or hip fracture). 

 

8.8.2: Results 

The same sample (365) of cognitive analytical data was used for the daily life analyses. Table 

30 presents the sample characteristics of daily living. Over the 6-year period, 23% of 

participants had experienced functional limitation, and nearly 40% of them had cognitive 

impairment. After re-grouping functional limitation and/or cognitive impairment, the greater 

percentage (47.1%) of people had neither functional limitation nor cognitive impairment, 

followed by those with functional limitation only (29.9%). About 10% of participants had 

both functional limitation and cognitive impairment.  

 

Table 30: Sample characteristics of daily life and the association with periodontal disease 

progression  

  Periodontal disease progression 

 
N (%) % (95% CI) 

RR (95% CI) 

 (unadjusted) 

Total  365  63.6 (58.6-68.5)  

Functional Limitations (FL)  

  No  281 (77.0)  64.8 (59.1-70.4) 1.00 

  Yes   84 (23.0)  59.5 (48.8-70.2) 0.92 (0.76-1.12) 

Cognitive Impairment( CI)  

  No  223 (61.1)  48.4 (41.8-55.0) 1.00 

  Yes 142 (38.9)  87.3 (81.8-92.9) 1.80 (1.55-2.09) 

Daily Life  

  No FLs and CI 172 (47.1)  51.2 (43.6-58.7) 1.00 

  Having FL    51(14.0)  39.2 (25.3-53.1) 0.77 (0.53-1.11) 

  Having CI 109 (29.9)  86.2 (79.7-92.8) 1.69 (1.43-1.99) 

  Having Both FLs and  CI     33(9.0) 90.9 (80.6-100.0) 1.78 (1.48-2.13) 
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The progression of periodontal disease for people who had cognitive impairment only and had 

both functional and cognitive impairment were 1.7 and 1.8 times higher than those without 

either cognitive impairment or functional limitations (see  Table 30). 

 

Table 31: Associations between daily life conditions and oral hygiene 

 Oral Hygiene 
P-values 

 >1/day 4-6/week <4/week 

   

 % (95% CI)  

Functional Limitation (FL)  0.034 

  No  58.7 (52.9-64.5) 58.7 (52.9-64.5) 5.7 (3.0-8.4)  

  Yes 53.6 (42.7-64.5) 32.1(21.9-42.3) 14.3 (6.6-21.9)  

     

Cognitive Impairment( CI)  0.0047 

  No  60.1 (53.6-66.6) 35.9 (29.5-42.2) 4.0 (1.4-6.6)  

  Yes 53.5 (45.2-61.8) 33.1 (25.3-40.9) 13.4 (7.7-19.0)  

     

Daily Life  0.0009 

  No FLs and CI 60.5 (53.1-67.8) 36.1 (28.8-43.3) 3.5 (0.7-6.3)  

  Having FL 56.0 (46.5-65.4) 34.9 (25.8-44.0) 9.2 (3.7-14.7)  

  Having CI 58.8 (44.8-72.8) 35.3 (21.7-48.9) 5.9 (0.0-12.6)  

  Having Both FLs and  CI 45.5 (27.5-63.4) 27.3 (11.2 -43.3) 27.3 (11.2-43.3)  

 

Table 31 shows the analysis results of the association between daily life conditions and oral 

hygiene. There was a relationship between daily life conditions, such as functional limitation 

and/or cognitive impairment, and oral hygiene. The largest difference between percentages in 

functional and/or cognitive status occurred in the brushing/flossing of teeth less than 4 times 

per week. People who had functional limitation and/or cognitive impairment in their daily life 

conditions were more likely to be brushing/flossing teeth less than 4 times per week than 

those without functional limitation and cognitive impairment in their daily life conditions.  
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Table 32: Associations between daily life and dental visiting behaviour 

 Dental visiting behaviour 
P-values 

 Regular and  Check-up Irregular or Problem 

   

 % (95% CI)  

Functional Limitation (FL)  0.753 

  No  48.0 (42.2-53.9) 50.0 (39.1-60.9)  

  Yes 52.0 (46.1-57.8) 50.0 (39.1-60.9)  

    

Cognitive Impairment( CI)  0.0196 

  No  53.4 (46.8-60.0) 46.6 (40.0-53.2)  

  Yes 40.9 (32.7-49.0) 59.2 (51.0-67.3)  

    

Daily Life  0.1216 

  No FLs and CI 52.3 (44.8-59.9) 47.7 (40.1-55.2)  

  Having FLs 41.3 (31.9-50.7) 58.7 (49.3-68.1)  

  Having CI 56.9 (42.8-70.9) 43.1 (29.1-57.2)  

  Having Both FLs and  CI 39.4 (21.8-57.0) 60.6 (43.0-78.2)  

 

However, there was no evidence for the association between functional limitation and dental 

visiting behaviour (see Table 32). 
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Table 33: The total and adjusted effect of daily life on periodontal disease progression 

  Model _C 

 

Model _OH
 

 

Model _DV 

  

 

 RR (95% CI)   

Sex 
      Female 1.00 

 
1.00 

 
1.00 

 Male 1.04 (0.93-1.17) 
 

1.04 (0.92-1.18) 
 

1.04 (0.92-1.17) 

Year of birth cohort 
      Before 1917 1.00 

 
1.00 

 
1.00 

 1917-26 1.07 (0.94-1.21) 
 

1.07 (0.94-1.21) 
 

1.06 (0.94-1.21) 

 1927-31 1.07 (0.94-1.23) 
 

1.07 (0.94-1.23) 
 

1.07 (0.94-1.22) 

Education level 
      Tertiary 1.00 

 
1.00 

 
1.00 

 Trade to diploma degrees 0.94 (0.81-1.10) 
 

0.94 (0.81-1.10) 
 

0.94 (0.81-1.09) 

 Secondary 0.96 (0.83-1.11) 
 

0.96 (0.82-1.11) 
 

0.95 (0.82-1.11) 

Smoke status 
      Never smoked 1.00 

 
1.00 

 
1.00 

 Used to smoke 0.97 (0.88-1.08) 
 

0.97 (0.88-1.08) 
 

0.97 (0.88-1.08) 

 Currently smoker 1.06 (0.89-1.26) 
 

1.06 (0.88-1.26) 
 

1.04 (0.87-1.24) 

Arthritis 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.97 (0.88-1.06) 
 

0.97 (0.88-1.06) 
 

0.97 (0.88-1.06) 

CVD 
      No  1.00 

 
1.00 

 
1.00 

 Yes 1.00 (0.92-1.10) 
 

1.00 (0.91-1.09) 
 

1.00 (0.91-1.09) 

Diabetes 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.95 (0.79-1.14) 
 

0.95 (0.79-1.14) 
 

0.96 (0.80-1.15) 

Osteoporosis 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.99 (0.84-1.17) 
 

0.99 (0.84-1.18) 
 

1.01 (0.85-1.20) 

Stroke 
      No  1.00 

 
1.00 

 
1.00 

 Yes 0.96 (0.81-1.12) 
 

0.96 (0.81-1.13) 
 

0.96 (0.81-1.13) 

Oral Hygiene 
      ≥ 1/day - 

 

1.00 
 

- 

 4-6/week - 

 

1.00 (0.91-1.10) 
 

- 

 <4/week - 

 

1.00 (0.91-1.10) 
 

- 

Dental visiting behaviour 
      Regular and  Check-up  - 

 
- 

 
1.00 

  Irregular or Problem - 

 
- 

 
1.05 (0.96-1.16) 

Daily Life 
      No FLs and CI 1.00 

 
1.00 

 
1.00 

 Having FL 0.98 (0.85-1.13) 
 

0.98 (0.85-1.13) 
 

0.98 (0.85-1.13 

 Having CI 1.15 (1.03-1.28) 
 

1.15 (1.02-1.28) 
 

1.14 (1.02-1.27) 

 Having Both FLs and CI 1.18 (0.97-1.42)   1.17 (0.97-1.42)   1.16 (0.93-1.44) 
Notes: CVD: Cardiovascular diseases (combining hypertension and heart disease); FL: Functional limitation; 

CI: Cognitive impairment.  Model_ C: adjusted all confounders (sex, birth cohort, education level, smoke status, 

arthritis, CVD, diabetes, osteoporosis and stroke); Model-OH: adjusted oral hygiene and all confounders;  

Model-DV: adjusted dental visiting behaviour and all confounders. 
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Table 33 shows the estimates of the direct effects of daily life conditions on periodontal 

disease progression. After adjusting for a set of confounders (Mode _C), oral hygiene (Model_ 

OH) or dental visiting behaviour (Model_ DV) with a set of confounders, the direct effect on 

those who had cognitive impairment only, or had both cognitive impairment and functional 

limitation in their daily life conditions showed increased risk 1.15-1.18 times of periodontal 

disease progression, compared with those who had neither cognitive impairment nor 

functional limitation in their daily life.  

 

Table 34: Effect of daily life on periodontal disease progression (MSMs) 

  Model 8-5 
 

Model 8-6 

  RR (95% CI) p-value 
 

RR (95% CI) p-value 

Daily Life 
       No FL and CI 1.00 

  
1.00 

   Having FL 0.96 (0.72-1.30) 0.8128 
 

1.00 (0.72-1.37) 0.977 

  Having CI 1.61 (1.37-1.88) <.0001 
 

1.70 (1.44-2.00) <.0001 

  Having Both FL and CI 1.74 (1.48-2.06) <.0001 
 

1.86 (1.42-2.44) <.0001 

Oral Hygiene 
       ≥ 1/day 1.00 

  
- 

   4-6/week 0.99 (0.88-1.12) 0.917 
 

- 
   <4/week 1.08 (0.62-1.87) 0.7915    -   

Dental visiting behaviour 
      Regular and  Check-up  - 

  
1.00 

   Irregular or Problem - 
  

1.17 (1.00-1.37) 0.0448 

Notes: FL: Functional limitation; CI: Cognitive impairment. 

 

The estimated controlled direct effects of daily life on periodontal disease progression are 

shown in Table 34. The estimated effects of having cognitive impairment only on raising the 

progression of periodontal disease were 1.61 (95% CI: 1.37-1.88) times and having both 

cognitive impairment and functional limitation on increasing the progression of periodontal 

disease were 1.74 (95% CI: 1.48-2.06) times when controlling for their oral hygiene 

behaviours, compared to those without cognitive impairment and functional limitation. When 

controlling for their dental visiting behaviours, the estimated effects of having cognitive 

impairment only on raising the progression of periodontal disease were 1.70 (95% CI: 1.44-

2.00) times, and by having both cognitive impairment and functional limitation, it increased 

the progression of periodontal disease 1.86 (95% CI: 1.42-2.44) times. 
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8.9: Summary 

The summary of this chapter provides the key findings for the daily life status (such as 

functional limitation and/or cognitive impairment) effect on periodontal disease progression. 

 

8.9.1: Main findings 

This study found evidence of a pathway from functional limitation and/or cognitive 

impairment to the incidence and progression of periodontal disease not mediated by two 

dental behaviours: oral hygiene and dental visiting behaviour. The findings support the 

hypothesis that functional limitation and/or cognitive impairment have a direct effect on the 

incidence and progression of periodontal disease among older adults. Nonetheless, the results 

of this study could also be explained by the effect of other mediators, different from the two 

dental behaviours, and not accounted for with the analysis. 

 

8.9.2: Daily life effect on the periodontal disease progression  

It was noted that there was no statistically significant relationship between functional 

limitation and dental behaviours in participants’ daily life conditions. The potential 

explanation was biased by time-varying confounding of the association between functional 

limitation and dental behaviours in participants’ daily life: 1) some confounders, such as 

people who had suffered a stroke may have very good oral health care given by their carer; 2) 

people with very severe systemic illness were likely to be lost to follow-up, therefore, the 

estimation of the association between chronic disease and dental behaviours might be 

problematic.  

 

The incidence and progression of periodontal disease was higher in people with functional 

limitation. This may result from mobility problems due to ageing or a serious chronic disease 

(e.g., arthritis, osteoporosis or hip fracture), and people with functional limitation might 

require the assistance of carers to maintain proper oral hygiene or access dental services. 

Brown et al. (Brown, Goryakin & Finlayson 2009) showed that elderly men, having two or 

more functional limitation, were 30% more likely to need periodontal treatment, compared 

with men presenting with fewer functional limitation. Moreover, Brown’s study also indicated 

that elderly women, who have two or more body functional limitation, were 40% less likely to 

access dental services, compared with women with less limitation. It is noted that this result 

does not mean that the older women do not have periodontal diseases; on the contrary, they 

could not access dental services because of their functional limitation. 
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Periodontal disease progression was higher in people with cognitive impairment, such as 

Alzheimer’s disease and senile dementia (Yu & Kuo 2008). People with cognitive impairment 

may be inattentive to oral hygiene maintenance, or have limited self-awareness of dental care 

needs due to a declining ability to judge and make decisions, therefore impacting on dental 

visiting behaviour, and leading to poorer oral health and dental problems. 

 

The above associations also point to the mediating effect of dental behaviours, including oral 

hygiene practices and dental visiting, but these failed to explain the direct effect observed in 

this study. Though the casual relation between cognitive impairment and periodontal disease 

progression is not fully understood, the systemic inflammation theory (Amar et al. 2003) may 

provide some interpretation. People with some chronic diseases and dementia (such as 

Diabetes, Cardiovascular diseases (CVD), or Alzheimer’s disease (AD)), had higher levels of 

systemic markers of inflammation in serum, saliva or crevicular fluid (Mercanoglu et al. 

2004; Tonetti et al. 2007). A proposed mechanism is that people with these chronic conditions 

may have a higher systemic inflammatory response, presenting as the release of a large 

amount of cytokines and soluble mediators such as interleukin-1 beta (IL-1ß) and 

prostaglandinE2 (PGE2). These mediators are involved in the activation of tissue and bone 

destruction, leading to damage of the periodontal ligament and alveolar bone (Engebretson et 

al. 2002), thus reducing the resistance of periodontal tissues to bacterial attack and increasing 

risk of infection. This situation could lead to an increased rate of periodontal disease 

progression (Zhong et al. 2007). 

 

This analysis of longitudinal data with MSMs can obtain unbiased estimates of the direct 

effect of functional limitation and cognitive impairment on periodontal disease progression of 

older South Australian adults by fitting a logistic association model with appropriate weights 

(Robins, Hernan & Brumback 2000). Appropriate weights need to account for all possible 

confounders. Based on the current understanding of the relationship between cognitive 

impairment and functional limitation on periodontal disease progression, this study has 

conceptually identified and controlled for a number of important confounders. Nonetheless, 

unmeasured confounding remained a possibility. MSMs use the complete cases to estimate 

the weights (Hernan & Robins 2006). Therefore, imputing missing values is a necessary pre-

requisite for MSMs. 
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There might be a potential reverse causation between periodontal disease and chronic 

diseases, or periodontal disease and cognitive impairment. As this study is focused on the 

direct effect of chronic diseases or cognitive impairment on periodontal diseases, therefore, 

the estimated effect of periodontal diseases on chronic diseases or cognitive impairment 

would be beyond this study.  

 

The limitation of the study is the lack of a widely accepted standard instrument to collect the 

functional limitation data. The parent SADLS study was planned and conducted a number of 

years ago. The assessment of functional limitation was not based on standard instruments, 

such as using the IADL (Lawton 1971). Another limitation of this study is the lack of the 

cognitive status data at baseline and the 2-year follow-up.  

 

In summary, daily life conditions, such as functional limitation and/or cognitive impairment, 

had a direct effect on older Australians’ periodontal disease progression that was not mediated 

by two key dental behaviours and other risk factors when estimated using a marginal 

structural model.  
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Chapter 9:  Discussion 

The purpose of this study was to explore improvements in the measurement of the incidence 

and progression of periodontal disease in people with a high level of tooth loss, and then 

compare the findings with the results from standard approaches. At the same time, this study 

was also expected to evaluate the relationship between daily life conditions (such as systemic 

illness, functional limitation and cognitive ability) and periodontal disease in a cohort of older 

South Australian adults. The relationship between daily life conditions and periodontal 

disease in this cohort could only be examined after an appropriate method was developed to 

measure the incidence and progression measurement of periodontal disease, in the people 

with high levels of tooth loss.  

 

This study has improved on a method of estimating the incidence and progression of 

periodontal disease by calculating the individual level incidence density of ALOSS new 

events in a population with high levels of tooth loss, after comparison with the use of three 

common periodontal case definitions. Then, using the individual incidence density of ALOSS 

new events as periodontal disease progression, the research assessed the relationship between 

daily life conditions and periodontal disease in a cohort of older South Australian adults.  

 

This chapter contains the following sections which include discussion and comments relating 

to this research. Specifically, these are: 

 an overview of the incidence and progression of periodontal disease 

 a summary of results from this study, in relation to the research objectives and 

hypotheses  

 the strengths and limitations of this study  

 a summary of this research project 
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9.1: An overview of periodontal disease  

Generally, periodontal diseases are infections of the structures around the teeth, which include 

the gingiva, periodontal ligament and alveolar bone. In the earliest stage of periodontal 

disease – gingivitis – the infection is restricted to the superficial tissues, the gingiva. In more 

severe forms of the disease- periodontitis, all tissues including deeper tissues, are involved. 

There are many different periodontal diseases that can affect these tooth-supporting tissues 

and structures, such as gingivitis and periodontitis. Often the term periodontal disease is used 

as a synonym for periodontitis, specifically, chronic periodontitis (Armitage 2002).  

 

It is considered that periodontal disease is one of the major causes of tooth loss. Between 13-

35% of all tooth extractions have been attributed to periodontitis (Hull et al. 1997; Jovino-

Silveira et al. 2005; Papapanou 1999). Furthermore, periodontal disease is reported to be 

highly prevalent in the adult population. Some 5-15% of the world’s population have severe 

chronic periodontitis (Burt 2005; Meyer et al. 2008); and 20.5% and 2.4% of Australian 

adults have moderate and severe periodontal disease respectively (Slade, Spencer & Roberts-

Thomson 2007). Specifically, chronic periodontitis is highly prevalent in the older population. 

For example, 60.8% of older Australians were affected (Slade, Spencer & Roberts-Thomson 

2007). On the other hand, the progression of periodontal disease is relatively slow. Therefore, 

the relevant longitudinal studies require a long follow-up period to explore the history of its 

incidence and progression.  

 

The review of the literature found that most periodontal epidemiological studies (Beck et al. 

1990; Costa et al. 2009; Elter et al. 2004; Holtfreter et al. 2009; Slade & Spencer 1995) only 

used cross-sectional study designs to focus on the prevalence and severity of periodontal 

disease at a specific time point. Participants in these studies were rarely followed up over a 

long-term period to observe the incidence and progression of periodontal disease. Moreover, 

these studies used a variety of measures, and lack a consensus and uniformity of clinical 

criteria to use to define periodontitis cases. The progression of periodontal disease cannot be 

fully understood because of the difficulty in interpreting and comparing different methods and 

case definitions in epidemiological studies (Leroy, Eaton & Savage 2010) 
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This study used the SADLS data that covered an 11-year follow up period to explore the 

relationship between daily life (including systemic diseases, functional and cognitive 

conditions) and periodontal disease in a cohort of older South Australian adults, by 

calculating individual incidence density of ALOSS new events to measure the incidence and 

progression measurement of periodontal disease in people with a high level of tooth loss. 

 

9.2: The main findings in relation to the research aims and questions 

In this prospective longitudinal study, the main findings were: 

i. Using periodontal disease case definitions at the individual-level for the longitudinal 

analysis for a population with a high level of tooth loss, the results might be biased by the 

tooth loss and loss of participants to follow-up.  

ii. Using the method of individual-level incidence density of ALOSS new events to estimate 

the incidence and progression of periodontal disease was more appropriate for a 

longitudinal analysis of a population with a high level of tooth loss and lost to follow-up. 

iii. Diabetes and chronic obstructive pulmonary disease appeared to be independent 

predictors of the incidence and progression of periodontal disease.  

iv. Functional limitation and/or cognitive impairment might have a direct effect on older 

Australians’ incidence and progression of periodontal disease that was not mediated by 

dental behaviors and systemic disease when estimated using a marginal structural model.  
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9.3: Prevalence, incidence and reversal of periodontal disease and tooth loss 

In the research reported in Chapter 5, significant discrepancies were found between different 

periodontal case definitions for the estimated prevalence of periodontal disease with the same 

population at each time point. There were also differences in the prevalence of periodontal 

disease across the time points for every definition. These discrepancies led to difficulty in the 

interpretation of results, and in comparing them with other studies. The findings also 

highlighted the impact of the threshold values of key periodontal indicators. Reversal of 

periodontal disease was noted with the application of case definitions. This was associated 

with tooth loss. Reversals were higher in the groups with greater tooth loss compared with the 

‘no tooth loss’ group across each follow-up interval. Periodontal disease, unlike other chronic 

diseases, might not be defined by a dichotomy to assess an individual unequivocally as 

healthy or a case (Meisel & Kocher 2009). For evaluating the incidence and progression of 

periodontal disease, the number of teeth and the survival of those teeth, should be considered 

simultaneously. Therefore, the existing case definitions of periodontal disease may not be 

suitable for longitudinal data analyses. 

 

9.4: Incidence and progression of periodontal disease 

In the research reported in the Chapter 6, the incidence and progression of periodontal disease 

in older adults with high levels of tooth loss was analysed using individual incidence density 

to measure the average rate of ALOSS events per tooth-time of an individual, which 

represents an individual’s incidence and progression of periodontal disease in a long-term 

follow-up. The findings were that: 

 older male adults, middle cohort and tooth loss > 20 (baseline) had higher periodontal 

disease progression; 

 the more tooth loss, the higher the periodontal disease progression; 

 the incidence and progression of periodontal disease would be under-estimated without 

considering missing values due to tooth loss and loss of participants to follow-up. 

 

These results showed that the incidence and progression of periodontal disease would be 

estimated more accurately in a population with high levels of tooth loss, compared with other 

existing definitions, by calculating individual incidence density using ALOSS ≥ 3mm as a 

case definition and ‘tooth-time’ as units.  
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9.5: Systemic disease and periodontal disease incidence and progression 

In the research reported in the Chapter 7, the role of systemic diseases in predicting the 

incidence and progression of periodontal attachment loss (ALOSS) was assessed within a 

cohort of older South Australians. The incidence and progression of periodontal disease was 

1.26 and 1.24 times higher in people with diabetes or COPD, compared with those without 

these diseases. The results showed that diabetes and COPD were predictors of the incidence 

and progression of periodontal attachment loss (ALOSS) using a predictive model after 

adjusting for smoking status and socio-economic status. These findings were in line with the 

results from the review of literature (Genco & Borgnakke 2013; Oztekin et al. 2013; Taylor et 

al. 1998).  

 

Though the method by which these diseases affect periodontal disease is not thoroughly 

understood, many studies have found that people with these diseases had a higher level of 

systemic markers of inflammation in serum, saliva or crevicular fluid (Beck & Offenbacher 

2005) A proposed mechanism was that people with diabetes or COPD, may have a higher 

systemic inflammatory response, presenting as the release of a large amount of cytokines and 

soluble mediators such as interleukin-1 beta (IL-1ß) and prostaglandinE2 (PGE2). These 

mediators are involved in the activation of tissue and bone destruction, leading to damage of 

the periodontal ligament and alveolar bone (Oztekin et al. 2013), reducing the resistance of 

periodontal tissues to bacterial attack and increasing risk of infection, resulting in worsening 

periodontal disease (Zhong et al. 2007). 

 

In the present study, it was demonstrated that people who were current smokers had a 1.4 

times higher rate of incidence and progression of periodontal disease, as compared to those 

who never smoked. This finding was consistent with cross-sectional studies that have shown 

smokers are more likely to present with periodontitis, compared to non-smokers; and smoking 

cessation could reduce severe periodontal disease (Albandar et al. 2000).  
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Smoking has been considered as a pathogenetic factor in periodontal disease. Although the 

mechanism by which smoking causes periodontal tissue destruction has not yet been fully 

understood. Some evidence has shown that the toxic substances in cigarettes, especially 

nicotine, induce peripheral vasoconstriction and reduce gingival blood flow and oxygen 

tension in the periodontal pocket. This in turn, can alter neutrophil function, by increasing the 

levels of pathogenic T-cell subsets, resulting in an overgrowth of anaerobes and periodontal 

infection, thus restricting periodontal regeneration (Heasman et al. 2006).  

 

As diabetes and COPD were found to be risk predictors of the incidence and progression of 

periodontal attachment loss, the systemic diseases may be helpful as putative predictors of the 

progression of periodontal disease and the discovery of potential cases by new causal 

mechanisms.  

 

9.6: Daily life conditions and periodontal disease progression 

In the research reported in the Chapter 8, evidence was found of a pathway via daily life 

conditions (including functional limitation and/or cognitive impairment) to the incidence and 

progression of periodontal disease that was not mediated by the two dental behaviours: oral 

hygiene and dental service utilisation. In other words, functional limitation and/or cognitive 

impairment were found to have a direct effect on the incidence and progression of periodontal 

disease among older adults. This finding supported the hypothesis (Hypothesis 3) that daily 

life conditions, such as functional limitation and/or cognitive impairment, have a direct effect 

on the incidence and progression of periodontal disease among older adults. Nonetheless, the 

results of this study could also be explained by the effect of other mediators, different to the 

two dental behaviours accounted for in the analysis. 
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In this study, the incidence and progression of periodontal disease was higher in people with 

functional limitation in their daily life. This may result from mobility problems due to ageing 

or a serious chronic disease (e.g., Arthritis, Osteoporosis or hip fracture), and assistance might 

be required from carers to maintain proper oral hygiene or access dental services. Brown et al. 

(Brown, Goryakin & Finlayson 2009) showed that older men, having two or more functional 

limitation, were 30% more likely to need periodontal treatment, compared with men 

presenting with less functional limitation. Moreover, Brown et al. (2009) also indicated that 

older women, who have two or more functional limitation, were 40% less likely to access 

dental services, compared with women with fewer limitation. It is noted that this result does 

not mean that older women do not have periodontal diseases; on the contrary, they could not 

access dental services, which might have been needed because of their functional limitation. 

 

Periodontal disease progression was higher in people with cognitive impairment, such as 

Alzheimer’s disease and senile dementia (Yu & Kuo 2008). People with cognitive impairment 

may be inattentive to oral hygiene and oral hygiene maintenance, or have limited self-

awareness of dental care needs, due to the declining ability of judgment and decision- making. 

This decline could impact on dental visiting behaviour, and lead to worsening oral health and 

dental problems.  

 

The above associations pointed to the mediating effect of dental behaviours including oral 

hygiene practices and dental visiting, but these fail to explain the direct effect observed in this 

study. Though the casual relation between cognitive impairment and periodontal disease 

progression is not fully understood, the systemic inflammation theory (Amar et al. 2003) may 

give some interpretation. People with some chronic diseases and dementia (such as Diabetes, 

Cardiovascular diseases (CVD), or Alzheimer’s disease (AD)), had higher levels of systemic 

markers of inflammation in serum, saliva or crevicular fluid (Mercanoglu et al. 2004; Tonetti 

et al. 2007). A proposed mechanism is that people with these chronic diseases, or AD-related 

dementia, may have a higher systemic inflammatory response, presenting as the release of a 

large amount of cytokines and soluble mediators such as interleukin-1 beta (IL-1ß) and 

prostaglandinE2 (PGE2). These mediators are involved in the activation of tissue and bone 

destruction, leading to damaged periodontal ligament and alveolar bone, and reducing the 

resistance of periodontal tissues to bacterial attack and increasing risk of infection. This action 

therefore results in a worsening of periodontal disease.  
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Given the direct associations found separately for functional limitation and cognitive 

impairment, it was not unexpected that in daily living, a combination of these situations was 

found to be associated with periodontal disease progression through a pathway not mediated 

by dental behaviours. This result supported the hypothesis (Hypothesis 3) that daily living had 

a direct effect on older adults’ periodontal disease progression. The strength of the direct 

association for daily living was greater than either functional limitation or cognitive 

impairment on its own. The direct association however, could also be explained by the effect 

of other mediators, different from the two dental behaviours accounted for with the analysis. 

 

In general, all the findings above suggested that the functional limitation and/or cognitive 

impairment had a direct effect on the periodontal disease progression of older South 

Australians, and that they were not mediated by dental behaviours and other confounding 

factors when estimated using marginal structural models. 

 

In summary, all findings from previous chapters provide appropriate answers to the research 

questions. Moreover, the findings triggered a broad discussion and need to further explore the 

relevant and possible explanations.  

 

9.7: Strengths and limitations of this study 

All studies have strengths and limitations. There was no exception with this study. The 

following sections present the strengths and limitations of this study.  

 

9.7.1: Strengths  

The major strengths of this study include:  

Strength 1: SADLS was a large-range population-based longitudinal study with an 11-year 

follow-up providing data for the estimation of the incidence and progression of periodontal 

disease.  

 

Strength 2: The comparison of three existing case definitions for the estimation of the point 

prevalence, and incidence and progression of periodontal disease, and consideration of the 

impact of a high level of tooth loss and loss of participants to follow-up. 
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Strengths 3: The usage of individual level incidence density of ALOSS new events to 

estimate the incidence and progression of periodontal disease in a population-based 

longitudinal study with high levels of tooth loss, with imputing missing values due to tooth 

loss and loss of participants to follow-up, would minimise the biases estimation of the 

incidence and progression of periodontal disease. 

 

This study used the data of SALDS which included a wealth of information, such as social, 

demographic, SES (education, employment history and household income status), dental and 

general health and dental behaviours. These data provided the possibility of exploring and 

analysing the relationship between the systemic ill-health, functional limitation and cognitive 

impairment and periodontal diseases with control for confounders. 

 

In this study three existing periodontal disease and progression case definitions were used 

separately for estimating point prevalence, and one definition was used to estimate the 

incidence and progression of periodontal disease in a population with high levels of tooth 

loss. It was found that the three different definitions produced markedly different prevalence 

estimates of periodontal disease in the same population at each time point. Furthermore, the 

point prevalence estimates for the population as it aged, failed to show any increase. Yet 

periodontal disease is considered strongly age-related. This finding is explained by a survival 

type bias, both for participants and teeth.  

 

The individual incidence density is a measure of the average rate of ALOSS events per tooth- 

time for an individual, which represents an individual’s incidence and progression of 

periodontal disease in a long-term follow-up. Firstly, an ALOSS ≥ 3mm reflects a real 

incidence and progression of periodontal disease. Both this study and previous studies (Elter 

et al. 1999; Slade & Spencer 1995) have confirmed ALOSS ≥ 3mm as a threshold to define an 

event (case) that reflects a true incidence and progression of periodontal disease rather than 

measurement error. Secondly, individual incidence density allows repeated events. ALOSS 

events can occur in the same person, on the same teeth, and even on the same sites of a tooth 

over the follow-up time. The cumulative incidence of ALOSS events as the numerator of 

incidence density would indicate the progression of periodontal disease of an individual over 

multiple time periods. Therefore, the incidence and progression of periodontal disease was 

estimated more accurately. Thirdly, the individual incidence density calculation by ‘tooth-

time’ as a unit was suitable for individuals with high levels of tooth loss.  
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In periodontal epidemiological studies, information comes from each tooth of an individual. 

Periodontal status measures, such as GR, PPD and CAL, are measured repeatedly over time. 

Therefore, tooth information within each individual is correlated. Unlike younger adults, the 

variation in the number of teeth is common among older adults. This was seen at baseline and 

in tooth loss across follow-up intervals. It would be more accurate if the denominator for a 

rate calculation was expressed in ‘tooth-time’ rather than ‘person-time’ units. In summary, the 

variation of teeth number at baseline and follow-up time points due to the tooth loss, and the 

lost to follow-up of participants are inevitable in a longitudinal periodontal study among older 

adults. Individual incidence density of ALOSS events calculated at the tooth level of a 

participant estimated the progression of periodontal disease accurately, even if there was only 

one follow-up measurement. Therefore, the value of incidence density of ALOSS events per 

tooth-years at risk was that it can be generalised to represent the periodontal disease 

progression of an individual.  

 

This longitudinal study design explored the incidence and progression of periodontal disease 

across the follow-up period and analysed risk predictors for periodontal disease. The 

incidence density calculation was an appropriate methodology to estimate periodontal disease 

progression in an older cohort (Elter et al. 1999). Given teeth contribute time to the 

denominator of the incidence density for new ALOSS events unified unit, it was feasible to 

estimate the relative risk between systemic diseases, functional limitation and/or cognitive 

impairment, and the incidence and progression of periodontal disease in an older population 

with high levels of tooth loss. 

 

No matter how strictly a study is designed, missing values are universally encountered. 

Missing values are generally unavoidable in longitudinal studies, in particular those dealing 

with older populations. However, imputing missing values to estimate the probability of 

ALOSS events would be expected to minimise bias in this present study.  
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This longitudinal study analysis with MSMs obtained unbiased estimates of the direct causal 

effect of functional limitation, and cognitive impairment and their combination during daily 

living on periodontal disease progression of older South Australian by fitting a logistic 

association model with appropriate weights included. Appropriate weights need to account for 

all possible confounders. Based on the current understanding of the relationship between 

cognitive impairment and functional limitation on periodontal disease, a number of important 

confounders were conceptually identified and controlled. Nonetheless, unmeasured 

confounding remained a possibility. MSMs used the complete cases to estimate the weights. 

Therefore, imputing missing values was a necessary pre-requisite for MSMs. 

 

9.7.2: Limitations  

A longitudinal study design means that participants lost to follow-up will always be the first 

limitation. In other words, lost to follow-up is inevitable in longitudinal studies. Certainly, 

there was no exception in this study. Limitations of this study were the following:  

 There was a large number of participants lost to follow-up. They were older people 

who died or lost all their remaining teeth. Periodontal status was worse in the lost to 

follow-up group than in the retained group, resulting in an under-estimation of the 

incidence rate of new disease. This could affect the final results. 

 The information of periodontal status indicators, such as CAL and PPD was lost with 

the loss of a tooth or loss of participants to follow-up, as all teeth had been lost. This 

would results in a further underestimation of individual incidence of ALOSS events. 

However, the resulting bias was reduced by imputation of missing values. 

 

As this study was a secondary data analysis, and data collection was planned and conducted a 

number of years ago: 

 Sample size calculations at the study commencement may not have provided sufficient 

numbers for sub-groups to detect the hypothesised differences among chronic 

diseases. 

 A standard instrument was not used to collect functional limitation or cognitive 

impairment data. The assessment of functional limitation was not based on a standard 

instrument, such as the IADL or the Mini-mental Status Examination. 
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  There was a lack of cognitive status data at baseline and 2-year follow-up points. This 

meant that analyses of cognitive impairment and the incidence and progression of 

periodontal disease could only be conducted on data available across the 5 and 11-year 

interval (Interval III). This involved a shorter interval than the 11-year follow-up and 

reduced the number of participants through loss that had already occurred through to 

the 5-year follow-up. 

 

 



 
Chapter 10: Conclusions 

128 

 

 

Chapter 10:  Conclusions 

The aims of this study were to improve the measurement of the incidence and progression of 

periodontal disease in populations with a high level of tooth loss, and evaluate the 

relationship between systemic diseases, functional limitation and cognitive impairment (daily 

life conditions) and periodontal diseases in a cohort of older South Australians. To achieve 

these aims, this study investigated the relationship between tooth loss and the incidence and 

progression of periodontal disease, it developed a method of measuring incidence and 

progression of periodontal disease that was less biased by concomitant tooth loss; and it 

analysed the association of systemic ill-health, functional limitation and cognitive 

impairment with the incidence and progression of periodontal disease. 

 

The findings of this study answer the following research questions: 

 How can the incidence and progression of periodontal disease in a population with 

high level of tooth loss be measured accurately? (Question 1) 

− To what extent is the measurement of incidence and progression of periodontal 

disease biased by tooth loss? (Question 1.1) 

− Are there approaches to the measurement of the incidence and progression of 

periodontal disease which are less biased by tooth loss? (Question 1.2) 

 Does systemic ill-health predict the incidence and progression of periodontal disease? 

(Question 2) 

 Does functional limitation and/or cognitive impairment have a direct effect on the 

incidence and progression of periodontal disease? (Question 3) 

 

The results of the analyses undertaken allow the following conclusions to be drawn: 

1. There are significant discrepancies between three existing case definitions for the 

estimated prevalence of periodontal disease found in the same population at the same 

time points. Similar estimates of the prevalence of periodontal disease across the time 

points in progressively older South Australians, contradicted that periodontal disease 

is strongly age-related. This finding reflects a ‘survival bias’ association with loss of 

teeth and loss to follow-up of participants.  
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2. Individual incidence density of ALOSS new events is a method of calculating 

individual incidence density using ALOSS ≥ 3mm as a case definition and ‘tooth-

time’ as units at the tooth level. Incidence density of ALOSS events per tooth-years at 

risk represented periodontal disease incidence and progression in an individual. This 

method more accurately estimated the incidence and progression of periodontal 

disease, even if there was only one follow-up measurement. The incidence and 

progression of periodontal disease was estimated more accurately, especially in a 

population with high levels of tooth loss. 

 

3. Diabetes and COPD appear to be risk predictors of the incidence and progression of 

periodontal attachment loss in older adults. Systemic diseases, as putative predictors 

may be helpful to estimate the progression of periodontal disease, and discover 

potential new causal mechanisms. Strengthened causal inferences were drawn from 

the longitudinal study design with the inclusion of possible confounders. 

 

4. In this study, functional limitation and/or cognitive impairment (and the combined 

daily life conditions) had a direct effect on older South Australians’ periodontal 

disease incidence and progression that was not mediated by two dental behaviours and 

other confounding and risk factors when estimated using a marginal structural model. 

 

In general, daily life conditions, such as Diabetes, COPD, functional limitation and/or 

cognitive impairment, were associated with the incidence and progression of periodontal 

diseases in a cohort of the older South Australians with a high level of tooth loss.
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Appendices  

Appendix 1: Baseline Questionnaire 
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Appendix 2:  Two-year Follow-up Questionnaire 

 

 



 
Appendices 

142 

 

 

 

 

 



 
Appendices 

143 

 

 

 

 

 



 
Appendices 

144 

 

 

 



 
Appendices 

145 

 

 

 

 

 



 
Appendices 

146 

 

 

 

 

 



 
Appendices 

147 

 

 

 

 



 
Appendices 

148 

 



 
Appendices 

149 

 

 

Appendix 3:  Five-year Follow-up Questionnaire 
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Appendix 4: Eleven-year Follow-up Questionnaire 
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Appendix 5: Oral examination 
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Appendix 6: Oral examination forms 
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Appendix 7: Clock-draw Test 



 
Bibliography 

182 

 

 

Bibliography 

Al-Zahrani, MS, Kayal, RA & Bissada, NF 2006, 'Periodontitis and cardiovascular disease: a 

review of shared risk factors and new findings supporting a causality hypothesis', 

Quintessence International, vol. 37, no. 1, January, pp. 11-18. 

 

Albandar, J, Streckfus, C, Adesanya, M & Winn, D 2000, 'Cigar, pipe and cigarette smoking 

as risk factors for periodontal disease and tooth loss', Journal of Periodontology, vol. 71, pp. 

1874–1881. 

 

Amar, S, Gokce, N, Morgan, S, Loukideli, M, Van Dyke, TE & Vita, JA 2003, 'Periodontal 

disease is associated with brachial artery endothelial dysfunction and systemic inflammation', 

Arteriosclerosis, Thrombosis, and Vascular Biology, vol. 23, no. 7, July 1, pp. 1245-1249. 

 

Arbes, SJ, Jr., Agustsdottir, H & Slade, GD 2001, 'Environmental tobacco smoke and 

periodontal disease in the United States', American Journal of Public Health, vol. 91, no. 2, 

February, pp. 253-257. 

 

Armitage, GC 2002, 'Classifying periodontal diseases--a long-standing dilemma'. 

Periodontology 2000, vol. 30, pp. 9-23. 

 

Athyros, VG, Katsiki, N, Doumas, M, Karagiannis, A & Mikhailidis, DP 2013, 'Effect of 

tobacco smoking and smoking cessation on plasma lipoproteins and associated major 

cardiovascular risk factors: a narrative review', Current Medical Research & Opinion, vol. 29, 

no. 10, October, pp. 1263-1274. 

 

Beck, J, Koch, GG, Rozier, RG & Tudor, GE 1990, 'Prevalence and risk indicators for 

periodontal attachment loss in a population of older community-dwelling blacks and whites', 

Journal of Periodontology, vol. 61, no. 8, August, pp. 521-528. 

 

Beck, JD, Eke, P, Heiss, G, Madianos, P, Couper, D, Lin, D, Moss, K, Elter, J & Offenbacher, 

S 2005, 'Periodontal disease and coronary heart disease: a reappraisal of the exposure', 

Circulation, vol. 112, pp. 19-24. 

 



 
Bibliography 

183 

 

 

Beck, JD & Elter, JR 2000, 'Analysis strategies for longitudinal attachment loss data'. 

Community Dentistry and Oral Epidemiology, vol. 28, no. 1, February, pp. 1-9. 

 

Beck, JD, Koch, GG & Offenbacher, S 1994, 'Attachment loss trends over 3 years in 

community-dwelling older adults', Journal of Periodontology, vol. 65, no. 8, August, pp. 737-

743. 

 

Beck, JD, Koch, GG, Rozier, RG & Tudor, GE 1990, 'Prevalence and Risk Indicators for 

Periodontal Attachment Loss in a Population of Older Community - Dwelling Blacks and 

Whites', Journal of Periodontology, vol. 61, pp. 521-528. 

 

Beck, JD & Offenbacher, S 2005, 'Systemic effects of periodontitis: epidemiology of 

periodontal disease and cardiovascular disease', Journal of Periodontology, vol. 76, no. 11 

Suppl, November, pp. 2089-2100. 

 

Beck, JD & Slade, GD (1996) 'Epidemiology of periodontal diseases'. Current Opinion in 

Periodontology, vol. 3, pp. 3-9. 

 

Beltran-Aguilar, ED, Eke, PI, Thornton-Evans, G & Petersen, PE 2012. 'Recording and 

surveillance systems for periodontal diseases'. Periodontology 2000, vol. 60, no. 1, October, 

pp. 40-53. 

 

Bergstrom, J & Bostrom, L 2001,' Tobacco smoking and periodontalhemorrhagic 

responsiveness', Journal of Clinical Periodontology, vol. 28,  pp. 680–685. 

 

Bolin, A, Eklund, G, Frithiof, L & Lavstedt, S 1993, 'The effect ofchanged smoking habits on 

marginal alveolar bone loss. A longitudinal study.'. Swedish dental journal, vol. 17, pp. 211–

216. 

 

Bollen, AM, Taguchi, A, Hujoel, PP & Hollender, LG 2004, 'Number of teeth and residual 

alveolar ridge height in subjects with a history of self-reported osteoporotic fractures', 

Osteoporosis International, vol. 15, no. 12, December, pp. 970-974. 

 

 



 
Bibliography 

184 

 

 

Bostrom, L, Linder, LE & Bergstrotn, J 1998.  'Clinical expression of TNF-alpha in smoking-

associated periodontal disease'. Journal of Clinical Periodontology, vol. 25, no. 10, pp. 767-

773. 

 

Branch, LG 1985, 'Health practices and incident disability among the elderly', American 

Journal of Public Health, vol. 75, pp. 1436-1439. 

 

Brown, TT, Goryakin, Y & Finlayson, TL 2009, 'The effect of functional limitations on the 

demand for dental care among adults 65 and older', Journal of the California Dental 

Association, vol. 37, no. 8, August, pp. 549-558. 

 

Broadbent, JM, Thomson,WM, Boyens, JV & Poulton, R 2011, ‘Dental plaque and oral 

health during the first 32 years of life’, The Journal of the American Dental Association vol. 

142, no. 4, pp. 415-426. 

 

Buhlin, K, Gustafsson, A, Hakansson, J & Klinge, B 2002, ' Oral health and cardiovascular 

disease in Sweden'. Journal of Clinical Periodontology,  vol. 29, no. 3, March, pp. 254-259. 

 

Burt, B 2005, 'Position paper: epidemiology of periodontal diseases', Journal of 

Periodontology, vol. 76, no. 8, August, pp. 1406-1419. 

 

Campus, G, Salem, A, Uzzau, S, Baldoni, E & Tonolo, G 2005, 'Diabetes and Periodontal 

Disease: A Case-Control Study', Journal of Periodontology, vol. 76, no. 3, pp. 418-425. 

 

César Neto, JB, de Souza, AP, Barbieri, D, Moreno, HJ, Sallum, EA & Nociti, FHJ 2004, ' 

Matrix metalloproteinase-2 may be involved with increased bone loss associated with 

experimental periodontitis and smoking: a study in rats', Journal of Periodontology, vol. 75, 

no. 7, pp. 995-100. 

 

Choi, YH, McKeown, RE, Mayer-Davis, EJ, Liese, AD, Song, KB & Merchant, AT 2011, 

'Association between periodontitis and impaired fasting glucose and diabetes', Diabetes Care, 

vol. 34, no. 2, February, pp. 381-386. 

 

 



 
Bibliography 

185 

 

 

Costa, FO, Guimaraes, AN, Cota, LO, Pataro, AL, Segundo, TK, Cortelli, SC & Costa, JE 

2009, 'Impact of different periodontitis case definitions on periodontal research', Journal of 

Oral Science, vol. 51, no. 2, June, pp. 199-206. 

 

Cromwell, DA, Eagar, K & Poulos, RG 2003, 'The performance of instrumental activities of 

daily living scale in screening for cognitive impairment in elderly community residents', 

Journal of Clinical Epidemiology, vol. 56, pp. 131–137. 

 

Demmer, RT, Jacobs, DR, Jr. & Desvarieux, M 2008, 'Periodontal disease and incident type 2 

diabetes: results from the First National Health and Nutrition Examination Survey and its 

epidemiologic follow-up study', Diabetes Care, vol. 31, no. 7, July, pp. 1373-1379. 

 

Dorfer, CE, Becher, H, Ziegler, CM, Kaiser, C, Lutz, R, Jorss, D, Lichy, C, Buggle, F, 

Bultmann, S, Preusch, M & Grau, AJ 2004, 'The association of gingivitis and periodontitis 

with ischemic stroke', Journal of Clinical Periodontology, vol. 31, no. 5, May, pp. 396-401. 

 

Elter, JR, Beck, JD, Slade, GD & Offenbacher, S 1999, 'Etiologic models for incident 

periodontal attachment loss in older adults', Journal of Clinical Periodontology, vol. 26, no. 2, 

February, pp. 113-123. 

 

Elter, JR, Champagne, CM, Offenbacher, S & Beck, JD 2004, 'Relationship of periodontal 

disease and tooth loss to prevalence of coronary heart disease', Journal of Periodontology, 

vol. 75, no. 6, June, pp. 782-790. 

 

Elwood, J 1998, Critical appraisal of epidemiological studies and clinical trials, 2nd edn, 

Oxford University Press, New York. 

 

Engebretson, SP, Grbic, JT, Singer, R & Lamster, IB 2002, 'GCF IL-1beta profiles in 

periodontal disease', Journal of Clinical Periodontology, vol. 29, pp. 48–53. 

 

Fitzpatrick, SG & Katz, J 2010, 'The association between periodontal disease and cancer: a 

review of the literature', Journal of Dentistry, vol. 38, no. 2, February, pp. 83-95. 

 

 



 
Bibliography 

186 

 

 

Folstein, MF, Folstein, SE & McHugh, PR 1975, '"Mini-Mental State’’. A practical method 

for grading the cognitive state of patients for the clinician.', Journal of Psychiatry Research, 

vol. 12, pp. 189–198. 

 

Ford, PJ, Gemmell, E, Hamlet, SM, Hasan, A, Walker, PJ, West, MJ, Cullinan, MP & 

Seymour, GJ 2005, 'Cross-reactivity of GroEL antibodies with human heat shock protein 60 

and quantification of pathogens in atherosclerosis', Oral Microbiology and Immunology , vol. 

20, no. 5, October, pp. 296-302. 

 

Fourrier, F, Duvivier, B, Boutigny, H, Roussel-Delvallez, M & Chopin, C 1998, 'Colonization 

of dental plaque: a source of nosocomial infections in intensive care unit patients', Critical 

Care Medicine, vol. 26, no. 2, February, pp. 301-308. 

 

Genco, RJ & Borgnakke, WS 2013, 'Risk factors for periodontal disease', Periodontology 

2000, vol. 62, pp. 59-94. 

 

Ghorbani, Z & Peres, KG 2015, ‘Is the association between socioeconomic status and 

nonreplaced extracted teeth mediated by dental care behaviours in adults?’ Community 

Dentistry and Oral Epidemiology, 21, May, pp. 1-8. 

 

Gilbert, GH, Shelton, BJ, Chavers, LS & Bradford, EH, Jr. 2002, 'Predicting tooth loss during 

a population-based study: role of attachment level in the presence of other dental conditions',  

Journal of Periodontology, vol. 73, no. 12, December, pp. 1427-1436. 

 

Gilbert, GH, Shelton, BJ & Fisher, MA 2005, 'Forty-eight-month periodontal attachment loss 

incidence in a population-based cohort study: role of baseline status, incident tooth loss, and 

specific behavioral factors', Journal of Periodontology, vol. 76, no. 7, July, pp. 1161-1170. 

 

Grossi, SG, Genco, RJ, Machtei, EE, Ho, AW, Koch, G, Dunford, R, Zambon, JJ & 

Hausmann, E 1995, 'Assessment of risk for periodontal disease. II. Risk indicators for 

alveolar bone loss', Journal of Periodontology, vol. 66, pp. 23–29. 

 

 

 



 
Bibliography 

187 

 

 

Grossi, SG, Skrepcinski, FB, DeCaro, T, Zambon, JJ, Cummins, D & Genco, RJ 1996, 

'Response to periodontal therapy in diabetics and smokers', Journal of Periodontology, vol. 

67, no. 10 Suppl, October, pp. 1094-1102. 

 

Guiglia, R, Di Fede, O, Lo Russo, L, Sprini, D, Rini, GB & Campisi, G 2013, 'Osteoporosis, 

jawbones and periodontal disease', Medicina Oral Patología Oral y Cirugia Bucal, pp. e93-

e99. 

 

Gur, A, Nas, K, Kayhan, O, Atay, MB, Akyuz, G, Sindal, D, Aksit, R, Oncel, S, Dilsen, G, 

Cevik, R, Gunduz, OH, Ersoy, Y, Altay, Z, Ozturk, C, Akkus, S, Senocak, O, Kavuncu, V, 

Kirnap, M, Tekeoglu, I, Erdogan, F, Sarac, AJ, Demiralp, L, Demirkesen, A & Adam, M 

2003, 'The relation between tooth loss and bone mass in postmenopausal osteoporotic women 

in Turkey: a multicenter study', Journal of Bone and Mineral Metabolism, vol. 21, no. 1, pp. 

43-47. 

 

Han, DH, Lim, S & Kim, JB 2012, 'The association of smoking and diabetes with 

periodontitis in Koreans'. Journal of Periodontology, vol. 83, pp. 1397–1406. 

 

Hand,  JS, Hunt, RJ & Kohout, FJ 1991, ‘Five-year incidence of tooth loss in lowans aged 65 

and older’, Community Dentistry and Oral Epidemiology, vol.19, pp. 48-51. 

 

Heasman, L, Stacey, F, Preshaw, PM, McCracken, GI, Hepburn, S & Heasman, PA 2006, 

'The effect of smoking on periodontal treatment response: a review of clinical evidence', 

Journal of Clinical Periodontology, vol. 33, no. 4, April, pp. 241-253. 

 

Hernan, MA & Robins, JM 2006, 'Estimating causal effects from epidemiological data’ 

Journal of Epidemiology & Community health,  vol. 60, pp. 578-586. 

 

Hill, AB 1965, 'The environment and disease: association or causation?', Proceedings of the 

Royal Society of Medicine, vol. 58, pp. 295–300. 

 

 

 

 



 
Bibliography 

188 

 

 

Hiraki, A, Matsuo, K, Suzuki, T, Kawase, T & Tajima, K 2008, 'Teeth loss and risk of cancer 

at 14 common sites in Japanese', Cancer Epidemiology, Biomarkers & Prevention, vol. 17, 

no. 5, May, pp. 1222-1227. 

 

Hirotomi, T, Yoshihara, A, Yano, M, Ando, Y & Miyazaki, H 2002. 'Longitudinal study on 

periodontal conditions in healthy elderly people in Japan'. Community Dentistry and Oral 

Epidemiology, vol. 30, no. 6, December, pp. 409-417. 

 

Holtfreter, B, Schwahn, C, Biffar, R & Kocher, T 2009, 'Epidemiology of periodontal 

diseases in the Study of Health in Pomerania', Journal of Clinical Periodontology, vol. 36, no. 

2, pp. 114-123. 

 

House, JS, Lepkowski, JM, Kinney, AM, Mero, RP, Kessler, RC & Herzog, AR 1994, 'The 

social stratification of aging and health', Journal of Health and Social Behavior, vol. 35, pp. 

213-234. 

 

Hughes, FJ, Turner, W, Belibasakis, G & Martuscelli, G 2006.  'Effects of growth factors and 

cytokines on osteoblast differentiation', Periodontology 2000, vol. 41, pp. 48-72. 

 

Hugo, FN, Hilgert, JB, de Sousa Mda, L & Cury, JA 2009, 'Oral status and its association 

with general quality of life in older independent-living south-Brazilians', Community 

Dentistry and Oral Epidemiology, vol. 37, no. 3, June, pp. 231-240. 

 

Hull, PS, Worthington, HV, Clerehugh, V, Tsirba, R, Davies, RM & Clarkson, JE 1997, 'The 

reasons for tooth extractions in adults and their validation', Journal of Dentistry, vol. 25, no. 

3-4, May-Jul, pp. 233-237. 

 

Hunt, RJ, Field, MH, & Beck, JD 1985, ‘The prevalence of periodontal conditions in a non-

institutionlized elderly population’, Gerodontics, vol. 1, no. 4, pp. 176-180. 

 

Jin, L, Wong, KY, Leung, WK & Corbet, EF 2000, 'Comparison of treatment response 

patterns following scaling and root planing in smokers and non-smokers with untreated adult 

periodontitis', Journal of Clinical Periodontology, vol. 11, pp. 35–41. 

 



 
Bibliography 

189 

 

 

Joshipura, K, Ritchie, C & Douglass, C 2000, 'Strength of evidence linking oral conditions 

and systemic disease', Compendium of continuing education in dentistry Suppl, no. 30, pp. 12-

23; quiz 65. 

 

Jovino-Silveira, RC, Caldas Ade, F, Jr., de Souza, EH & Gusmao, ES 2005. 'Primary reason 

for tooth extraction in a Brazilian adult population'.  Oral Health & Preventive Dentistry.  vol. 

3, no. 3, pp. 151-157. 

 

Kaber, UR, Gleissner, C, Dehen, F, Michel, A, Willershausen-Zonnchen, B & Bolten, WW 

1997, 'Risk for periodontal disease in patients with longstanding rheumatoid arthritis', 

Arthritis & Rheumatism, vol. 40, no. 12, pp. 2248-2251. 

 

Kandelman, D, Petersen, PE & Ueda, H 2008.  'Oral health, general health, and quality of life 

in older people'. Special Care in Dentistry,  vol. 28, no. 6, Nov-Dec, pp. 224-236. 

 

Kaur, G, Holtfreter, B, Rathmann, W, Schwahn, C, Wallaschofski, H, Schipf, S, Nauck, M & 

Kocher, T 2009, 'Association between type 1 and type 2 diabetes with periodontal disease and 

tooth loss', Journal of Clinical Periodontology, vol. 36, pp. 765-774. 

 

Kawai, T, Matsuyama, T, Hosokawa, Y, Makihira, S, Seki, M, Karimbux, NY, Goncalves, 

RB, Valverde, P, Dibart, S, Li, YP, Miranda, LA, Ernst, CW, Izumi, Y & Taubman, MA 

2006, 'B and T lymphocytes are the primary sources of RANKL in the bone resorptive lesion 

of periodontal disease', The American Journal of Pathology, vol. 169, no. 3, Sep, pp. 987-998. 

 

Kaye, EK, Valencia, A, Baba, N, Spiro, A, 3rd, Dietrich, T & Garcia, RI 2010, 'Tooth loss 

and periodontal disease predict poor cognitive function in older men', Journal of the American 

Geriatrics Society, vol. 58, no. 4, April, pp. 713-718. 

 

Kazor, C, Taylor, GW & Loesche, WJ 1999, ' The prevalence of BANAhydrolyzing 

periodontopathic bacteria in smokers'. Journal of Clinical Periodontology, vol. 26, pp. 814–

821. 

 

Kingman, A & Albandar, JM 2002. ' Methodological aspects of epidemiological studies of 

periodontal diseases', Periodontology 2000, vol. 29, pp. 11-30. 



 
Bibliography 

190 

 

 

Kiran, M, Arpak, N, Unsal, E & Erdogan, MF 2005, 'The effect of improved periodontal 

health on metabolic control in type 2 diabetes mellitus', Journal of Clinical Periodontology, 

vol. 32, no. 3, March, pp. 266-272. 

 

Kornman, KS 2008, 'Mapping the pathogenesis of periodontitis: a new look', Journal of 

Periodontology, vol. 79, no. Suppl, pp. 1560–1568. 

 

Lang, WP, Farghaly, M M, Ronis, DL 1994, ‘The relation of preventive dental behaviors to 

periodontal health status’, Journal of Clinical Periodontology, vol. 21, pp.194-198. 

 

Launer, LJ, Harris, T, Rumpel, C & Madans, J 1994, ' Body mass index, weight change and 

risk of mobility disability in middle-aged and older women', The Journal of the American 

Medical Association, vol. 271, pp. 1093-1098. 

 

Lawton, MP 1971, ' The functional assessment of elderly people'. Journal of the American 

Geriatrics Society, vol. 19, no. 6, pp. 465-481. 

 

Lawton, MP & Brody, EM 1969, ' Assessment of older people: self-maintaining and 

instrumental activities of daily living', Gerontologist, vol. 9, no. 3, pp. 179-186. 

 

Lee, HJ, Han, DH 2015, ‘Early-life socioeconomic position and periodontal status in Korean 

adults’, Community Dentistry and Oral Epidemiology, doi:10.1111/code.12184 

 

Leroy, R, Eaton, KA & Savage, A 2010, 'Methodological issues in epidemiological studies of 

periodontitis--how can it be improved?', BMC Oral Health, vol. 10, p. 8. 

 

Levi, PA, Jr., Kim, DM, Harsfield, SL & Jacobson, ER 2005, 'Squamous cell carcinoma 

presenting as an endodontic-periodontic lesion', Journal of Periodontology, vol. 76, no. 10, 

October, pp. 1798-1804. 

 

Libon, DJ, Swenson, RA, Barnoski, EJ & Sands, LP 1993, 'Clock Drawing as an Assessment 

Tool for Dementia', Archives of Clinical Neuropsychology, vol. 8, pp. 405-415. 

 

 



 
Bibliography 

191 

 

 

Loe, H 1993, 'Periodontal disease. The sixth complication of diabetes mellitus', Diabetes 

Care, vol. 16, no. 1, January, pp. 329-334. 

 

Loe, H, Anerud, A, Boysen, H & Morrison, E 1986, 'Natural history of periodontal disease in 

man. Rapid, moderate and no loss of attachment in Sri Lankan laborers 14 to 46 years of age', 

Journal of Clinical Periodontology, vol. 13, no. 5, May, pp. 431-445. 

 

Lowe, G, Woodward, M, Rumley, A, Morrison, C, Tunstall-Pedoe, H & Stephen, K 2003, 

'Total tooth loss and prevalent cardiovascular disease in men and women: possible roles of 

citrus fruit consumption, vitamin C, and inflammatory and thrombotic variables', Journal of 

Clinical Periodontology, vol. 56, no. 7, July, pp. 694-700. 

 

Machtei, EE, Dunford, R, Hausmann, E, Grossi, SG, Powell, J, Cummins, D, Zambon, JJ & 

Genco, RJ 1997, 'Longitudinal study of prognostic factors in established periodontitis 

patients', Journal of Clinical Periodontology, vol. 24, no. 2, February, pp. 102-109. 

 

Megson, E, Kapellas, K & Bartold, PM 2010, 'Relationship between periodontal disease and 

osteoporosis', International Journal of Evidence-Based Healthcare, vol. 8, no. 3, September, 

pp. 129-139. 

 

Meisel, P & Kocher, T 2009, 'Definitions of periodontal disease in research: an alternative 

view', Journal of Clinical Periodontology, vol. 36, no. 5, May, pp. 411-412. 

 

Mercanoglu, F, Oflaz, H, Oz, O, Gokbuget, AY, Genchellac, H, Sezer, M, Nisanci, Y & 

Umman, S 2004, 'Endothelial dysfunction in patients with chronic periodontitis and its 

improvement after initial periodontal therapy', Journal of Periodontology, vol. 75, no. 12, 

December, pp. 1694-1700. 

 

Meyer, MS, Joshipura, K, Giovannucci, E & Michaud, DS 2008.  'A review of the 

relationship between tooth loss, periodontal disease, and cancer'. Cancer Causes & Control, 

vol. 19, no. 9, November, pp. 895-907. 

 

 

 



 
Bibliography 

192 

 

 

Michaud, DS, Liu, Y, Meyer, M, Giovannucci, E & Joshipura, K 2008, 'Periodontal disease, 

tooth loss, and cancer risk in male health professionals: a prospective cohort study', The 

Lancet Oncology, vol. 9, no. 6, June, pp. 550-558. 

 

Morozumi, T, Kubota, T, Sato, T, Okuda, K & Yhoshie, H 2004. 'Smoking cessation 

increases gingival blood flow and gingival crevicular fluid.', Journal of Clinical 

Periodontology, vol. 31, pp. 267–272. 

 

Muller, F, Naharro, M & Carlsson, GE 2007.  'What are the prevalence and incidence of tooth 

loss in the adult and elderly population in Europe?', Clinical Oral Implants Research, vol. 18 

Suppl 3, June, pp. 2-14. 

 

Nandi, A, Glymour, MM, Kawachi, I & VanderWeele, TJ 2012, 'Using marginal structural 

models to estimate the direct effect of adverse childhood social conditions on onset of heart 

disease, diabetes, and stroke', Epidemiology, vol. 23, no. 2, March, pp. 223-232. 

 

National Institute of Dental Researeh 1987, 'Oral health of United States adults. National 

findings', NIH Publication  vol. No. 87-2868, p. Bethesda: US Department of Health and 

Human Services. 

 

Nelson, RG, Shlossman, M, Budding, LM, Pettitt, DJ, Saad, MF, Genco, RJ & Knowler, WC 

1990, 'Periodontal disease and NIDDM in Pima Indians', Diabetes Care, vol. 13, no. 8, 

August, pp. 836-840. 

 

Neto, JBC, Rosa, EF, Pannuti, CM & Romito, GA 2012, 'Smoking and periodontal tissues: a 

review', Brazilian Oral Research, vol. 26, no. Special Issue 1, pp. 25-31. 

 

Noack, B, Jachmann, I, Roscher, S, Sieber, L, Kopprasch, S, Luck, C, Hanefeld, M & 

Hoffmann, T 2000, 'Metabolic diseases and their possible link to risk indicators of 

periodontitis', Journal of Periodontology, vol. 71, no. 6, June, pp. 898-903. 

 

 

 

 



 
Bibliography 

193 

 

 

Noble, JM, Borrell, LN, Papapanou, PN, Elkind, MS, Scarmeas, N & Wright, CB 2009, 

'Periodontitis is associated with cognitive impairment among older adults: analysis of 

NHANES-III', Journal of Neurology, Neurosurgery & Psychiatry, vol. 80, no. 11, November, 

pp. 1206-1211. 

 

Norton, S, Sacker, A, Dixey, J, Done, J, Williams, P, Young, A & Early Rheumatoid 

Arthritis, S 2013, 'Trajectories of functional limitation in early rheumatoid arthritis and their 

association with mortality', Rheumatology (Oxford), vol. 52, no. 11, November, pp. 2016-

2024. 

 

Offenbacher, S, Heasman, PA & Collins, JG 1993. 'Modulation of host PGE2 secretion as a 

determinant of periodontal disease expression'. Journal of Periodontology. vol. 64, pp. 432–

444. 

 

Ogawa, H, Yoshihara, A, Hirotomi, T, Ando, Y & Miyazaki, H 2002. 'Risk factors for 

periodontal disease progression among elderly people', Journal of Clinical Periodontology, 

vol. 29, pp. 592–559. 

 

Orrico, SR, Giro, G, Goncalves, D, Takayama, L & Pereira, RM 2007, 'Influence of the 

period after ovariectomy on femoral and mandibular bone density and on induced periodontal 

disease', Journal of Periodontology, vol. 78, no. 1, January, pp. 164-169. 

 

Oztekin, G, Baser, U, Kucukcoskun, M, Tanrikulu-Kucuk, S, Ademoglu, E, Isik, G, Ozkan, 

G, Yalcin, F & Kiyan, E 2013, 'The Association between Periodontal Disease and Chronic 

Obstructive Pulmonary Disease: A Case Control Study', COPD, December 30. 

 

Pablo, DP, Chapple, IL, Buckley, CD & Dietrich, T 2009, 'Periodontitis in systemic rheumatic 

diseases', Nature Reviews Rheumatology, vol. 5, no. 4, April, pp. 218-224. 

 

Page, RC & Eke, PI 2007, 'Case definitions for use in population-based surveillance of 

periodontitis',  Journal of Periodontology, vol. 78, no. 7 Suppl, July, pp. 1387-1399. 

 

 

 



 
Bibliography 

194 

 

 

Page, RC & Kornman, KS 1997, 'The pathogenesis of human periodontitis: an introduction ', 

Periodontology 2000, vol. 14, pp. 9-11. 

 

Papapanou, PN 1996, 'Periodontal Diseases: Epidemiology', Annals of Periodontology, vol.1, 

no.1, pp. 1-36. 

 

Papapanou, PN 1999, 'Epidemiology of periodontal diseases: an update', Journal of the 

International Academy of Periodontology, vol. 1, no. 4, October, pp. 110-116. 

 

Patel, RA, Wilson, RF & Palmer, RM 2012, 'The effect of smoking on periodontal bone 

regeneration: a systematic review and meta-analysis', Journal of Periodontology, vol. 83, pp. 

143–155. 

 

Persson, RE, Hollender, LG, MacEntee, MI, Wyatt, CC, Kiyak, HA & Persson, GR 2003, 

'Assessment of periodontal conditions and systemic disease in older subjects', Journal of 

Clinical Periodontology, vol. 30, no. 3, March, pp. 207-213. 

 

Petersen, PE, Bourgeois, D, Bratthall, D & Ogawa, H 2005, 'Oral health information systems-

-towards measuring progress in oral health promotion and disease prevention', Bull World 

Health Organ, vol. 83, no. 9, September, pp. 686-693. 

 

Plassman, BL, Langa, KM, Fisher, GG, Heeringa, SG, Weir, DR, Ofstedal, MB, Burke, JR, 

Hurd, MD, Potter, GG, Rodgers, WL, Steffens, DC, McArdle, JJ, Willis, RJ & Wallace, RB 

2008, 'Prevalence of cognitive impairment without dementia in the United States', Annals of 

Internal Medicine, vol. 148, pp. 427-434. 

 

Pow, EH, Leung, KC, Wong, MC, Li, LS & McMillan, AS 2005, 'A longitudinal study of the 

oral health condition of elderly stroke survivors on hospital discharge into the community', 

International Dental Journal, vol. 55, no. 5, pp. 319-324. 

 

 

 

 

 



 
Bibliography 

195 

 

 

Rabe, KF, Hurd, S, Anzueto, A, Barnes, PJ, Buist, SA, Calverley, P, Fukuchi, Y, Jenkins, C, 

Rodriguez-Roisin, R, Weel, C & Zielinski, J 2007, ' Global strategy for the diagnosis, 

management, and prevention of chronic obstructive pulmonary disease: GOLD executive 

summary', American Journal of Respiratory and Critical Care Medicine, vol. 176, pp. 532–

555. 

 

Ramfjord, SP 1959, ' Indices for prevalence and incidence of periodontal disease'. Journal of 

Periodontology. vol. 30, pp. 51–59. 

 

Reisberg, B, Ferris, SH, de Leon, MJ & Crook, T 1982, ' The global deterioration scale for 

assessment of primary degenerative dementia', American Journal of Psychiatry, vol. 139, no. 

9, pp. 1136-1139. 

 

Robins, JM, Hernan, MA & Brumback, B 2000, 'Marginal Structural Models and Causal 

Inference in Epidemiology', Epidemiology, vol. 11, no. 5, pp. 550-560. 

 

Sabbah, W, Tsakos, G, Chandola, T, Sheiham, A & Watt, R G 2007, ‘ Social gradients in oral 

and general health’.  Journal of Dental Research, vol. 86, pp. 992–996. 

 

Salive, ME, Guralnik, J, Glynn, RJ, Christen, W, Wallance, RB & Ostfeld, AM 1994, 

'Association of Visual Impairment with Mobility and Physical Function', Journal of the 

American Geriatrics Society, vol. 42, no. 3, pp. 287-292. 

 

Sanders, AE, Slade, GD, Carter, KD & Stewart, JF 2004, 'Trends in prevalence of complete 

tooth loss among Australians, 1979--2002', Australian and New Zealand Journal of Public 

Health, vol. 28, no. 6, December, pp. 549-554. 

 

Scannapieco, FA & Mylotte, JM 1996. 'Relationships between periodontal disease and 

bacterial pneumonia'. Journal of Periodontology, vol. 67, no. 10 Suppl, October, pp. 1114-

1122. 

 

Scannapieco, FA, Stewart, EM & Mylotte, JM 1992, 'Colonization of dental plaque by 

respiratory pathogens in medical intensive care patients', Critical Care Medicine, vol. 20, no. 

6, June, pp. 740-745. 



 
Bibliography 

196 

 

 

Seeman, TE, Berkman, LF, Charpentier, PA, Blazer, DG, Albert, MS & Tinetti, ME 1995, 

'Behavioral and psychosocial predictors of physical performance: MacArthur studies of 

successful aging', Journal of Gerontology, Medical Sciences, vol. 50, no. M, pp. 177-183. 

 

Seymour, GJ, Ford, PJ, Cullinan, MP, Leishman, S & Yamazaki, K 2007. 'Relationship 

between periodontal infections and systemic disease'. Clinical Microbiology and Infection, 

vol. 13 Suppl 4, October, pp. 3-10. 

 

Sfyroeras, GS, Roussas, N, Saleptsis, VG, Argyriou, C & Giannoukas, AD 2012. 'Association 

between periodontal disease and stroke'. Journal of Vascular Surgery, vol. 55, no. 4, April, 

pp. 1178-1184. 

 

Shlossman, M, Knowler, WC, Pettitt, DJ & Genco, RJ 1990, 'Type 2 diabetes mellitus and 

periodontal disease', The Journal of the American Medical Association, vol. 121, no. 4, 

October, pp. 532-536. 

 

Slade, GD 1993, 'Social impact of oral disease among older adults', Department of Dentisitry, 

PhD thesis, The University of Adelaide  

 

Slade, GD, Gansky, SA & Spencer, AJ 1997, 'Two-year incidence of tooth loss among South 

Australians aged 60+ years', Community Dentistry and Oral Epidemiology, vol. 25, no. 6, 

December, pp. 429-437. 

 

Slade, GD & Spencer, AJ 1990, 'Unpublished research grant application to the National 

Health and Medical Research Council of Australia'. 

 

Slade, GD & Spencer, AJ 1994, 'Social impact of oral conditions among older adults', 

Australian Dental Journal, vol. 39, pp. 358-364. 

 

Slade, GD & Spencer, AJ 1995, 'Periodontal attachment loss among adults aged 60+ in South 

Australia', Community Dentistry and Oral Epidemiology, vol. 23, no. 4, Aug, pp. 237-242. 

 

 

 



 
Bibliography 

197 

 

 

Slade, GD, Spencer, AJ & Roberts-Thomson, KF 2007, 'Australia’s dental generations: the 

National Survey of Adult Oral Health 2004-2006'. 

 

Stuck, AE, Walthert, JM, Nikolaus, T, Bula, CJ, Hohmann, C & Beckd, JC 1999, 'Risk factors 

for functional status decline in community-living elderly people: a systematic literature 

review', Social Science & Medicine, vol. 48, pp. 445-469. 

 

Suvan, J, D'Aiuto, F, Moles, DR, Petrie, A & Donos, N 2011, 'Association between 

overweight/obesity and periodontitis in adults. A systematic review', Obesity Reviews, vol. 12, 

no. 5, May, pp. e381-404. 

 

Taylor, G, Burt, B, Becker, M, Genco, R & Shlossman, M 1998, 'Glycemic control and 

alveolar bone loss progression in type 2 diabetes', Annals of Periodontology, vol. 3, pp. 30–

39. 

 

Tezal, M, Sullivan, MA, Reid, ME, Marshall, JR, Hyland, A, Loree, T, Lillis, C, Hauck, L, 

Wactawski-Wende, J & Scannapieco, FA 2007, 'Chronic periodontitis and the risk of tongue 

cancer', Otolaryngology-head & Neck Surgery, vol. 133, no. 5, May, pp. 450-454. 

 

Thomson, WM 1999, 'Medications, dry mouth and dental caries among older people: a 

longitudinal study', Department of Dentistry, PhD thesis, The University of Adelaide. 

 

Thomson, WM, Slade, GD, Beck, JD, Elter, JR, Spencer, AJ & Chalmers, JM 2004, 

'Incidence of periodontal attachment loss over 5 years among older South Australians', 

Journal of Clinical Periodontology, vol. 31, no. 2, February, pp. 119-125. 

 

Tolo, K & Jorkjed, L 1990, ' Serum antibodies and loss of periodontal bone in patients with 

rheumatoid arthritis', Journal of Clinical Periodontology, vol. 17, pp. 288- 229. 

 

Tonetti, MS & Claffey, N 2005, 'Advances in the progression of periodontitis and proposal of 

definitions of a periodontitis case and disease progression for use in risk factor research, 

Group C consensus report of the 5th European Workshop in Periodontology', Journal of 

Clinical Periodontology, vol. 32 Suppl 6, pp. 210-213. 

 



 
Bibliography 

198 

 

 

Tonetti, MS, D'Aiuto, F, Nibali, L, Donald, A, Storry, C, Parkar, M, Suvan, J, Hingorani, AD, 

Vallance, P & Deanfield, J 2007, 'Treatment of periodontitis and endothelial function', The 

New England Journal of Medicine, vol. 356, no. 9, March 1, pp. 911-920. 

 

Tuokko, H, Hadjistavropoulos, T, Miller, JA & Beattie, BL 1992a, 'The Clock Test: a 

sensitive measure to differentiate normal elderly from those with Alzheimer disease', Journal 

of the American Geriatrics Society, vol. 40, no. 6, June, pp. 579-584. 

 

Tuokko, H, Hadjistavropoulos, T, Miller, JA & Beattie, BL 1992b, 'The Clock Test: A 

sensitive measure to differentiate normal elderly from those with Alzheimer Disease.', 

Journal of the American Geriatrics Society, vol. 40, no. 6, pp. 579-584. 

 

Warnakulasuriya, S, Dietrich, T, Bornstein, MM, Casals Peidro, E, Preshaw, PM, Walter, C, 

Wennstrom, JL & Bergstrom, J 2010, 'Oral health risks of tobacco use and effects of 

cessation', International Dental Journal, vol. 60, no. 1, February, pp. 7-30. 

 

Yu, YH & Kuo, HK 2008, 'Association between cognitive function and periodontal disease in 

older adults', Journal of the American Geriatrics Society, vol. 56, no. 9, Sep, pp. 1693-1697. 

 

Zambon, JJ, Grossi, SG, Machtei, EE, Ho, AW, Dunford, R & Genco, RJ 1996, 'Cigarette 

smoking increases the risk for subgingival infection with periodontal pathogens', Journal of 

Periodontology, vol. 67, pp. 1050–1054. 

 

Zhong, Y, Slade, GD, Beck, JD & Offenbacher, S 2007.  'Gingival crevicular fluid 

interleukin-1beta, prostaglandin E2 and periodontal status in a community population'. 

Journal of Clinical Periodontology . vol. 34, pp 285–293. 

 


	TITLE: Periodontal disease, tooth loss and daily life in older adults in South Australia: a longitudinal study
	Table of Contents
	List of Tables
	List of Figures
	List of Abbreviations
	List of Symbols
	Research outcome
	Oral and poster presentations during time of candidature
	Grants and awards received
	Preface
	Abstract
	Declaration
	Acknowledgements

	Chapter 1: Introduction
	Chapter 2: Research Aims
	Chapter 3: Literature Review
	Chapter 4: Study methods
	Chapter 5: Periodontal disease and tooth loss in older South Australians
	Chapter 6: Incidence and progression of periodontal disease in the people with high levels of tooth loss
	Chapter 7: Systemic diseases and periodontal disease
	Chapter 8: Daily life effects on the incidence and progression of periodontal disease
	Chapter 9: Discussion
	Chapter 10: Conclusions
	Appendices
	Appendix 1: Baseline Questionnaire
	Appendix 2: Two-year Follow-up Questionnaire
	Appendix 3: Five-year Follow-up Questionnaire
	Appendix 4: Eleven-year Follow-up Questionnaire
	Appendix 5: Oral examination
	Appendix 6: Oral examination forms
	Appendix 7: Clock-draw Test

	Bibliography

