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Chapter 1

Introduction

Past Presumptions, Present Knowledge & Future Puzzles

Past Presumptions
The concept of oral health being closely linked to overall health has stood the test of time. Perhaps the oldest known report of this association originates from an Egyptian medical text dating back over 4000 years (2100 BC), in which a relationship between toothache and diseases of the female genital system is described [1]. In a text dating back 2700 years, a physician at the court of King Ashurbanipal of Assyria blamed the king’s headache and the pain in his arms and feet on the condition of the king’s teeth, consequently removal of these teeth was advised [2]. Hippocrates (460 -370 BC) wrote of an association between periodontitis and rheumatoid arthritis. He described a patient with ‘rheumatism’ being cured after extraction of a single tooth. Anthonie van Leeuwenhoek (1683) was the first to draw attention to the presence of many “tiny little creatures” living in the mouth (Fig. 1). He thought that a lack of oral hygiene promoted the growth of these micro-organisms. 

In 1891, the American dentist Miller drew attention to a large variety of diseases that might be caused by micro-organisms inhabiting the mouth [3]. He assumed that oral micro-organisms could spread elsewhere through the human body and could thereby be a source of infection and a major cause of many diseases. Billings [4] coined the term "focal infection theory“ for Miller’s postulation, and recommended rigorous removal of any potential oral source of infection in order to safeguard overall health. As the theory of focal infection gained support, conservative dental treatment was abandoned in favor of extractions. However, it quickly became apparent that removal of potential sources of infection by extracting teeth, rarely cured illnesses. Around 1940 the practice of extracting teeth to root out sources of infection was quickly dropped. 

Present Knowledge

Periodontitis Poses an Inflammatory Burden

With the appearance of two Finnish studies in 1989, showing periodontitis to be associated with myocardial and cerebral infarction, the theory of focal infection gained new interest[5,6]. Although the spread of bacteria through the rest of the body is now no longer considered as being a major cause of diseases, the chronic low grade systemic infection and inflammation associated with periodontitis are thought to contribute to the development and deterioration of diseases like cardiovascular diseases [7,8] and diabetes mellitus [9,10]. On the one hand, circulating oral bacteria might provoke distant infections, i.e. beyond the oral cavity, thus posing an inflammatory burden [11-13]. On the other hand, periodontitis may pose an inflammatory burden directly, through the production of local inflammatory mediators entering the circulation[14,15]. Periodontitis increases serum levels of CRP, IL-6 and TNFα, which may for example lead to insulin resistance and thereby to poor control of blood glucose in patients with type 2 diabetes mellitus (DM2) as well as healthy individuals [16-18]. In addition to CRP, IL-6 and TNFα, periodontitis increases serum levels of fibrinogen. Increased serum levels of these substances have been associated with an increased risk of cardiovascular diseases [5,19-21]. In other words, periodontitis appears to be a chronic low-grade source of infection and inflammation that may endanger overall health by contributing to development of diseases like diabetes mellitus and cardiovascular diseases.
Strength of Evidence of Periodontitis as a Health Hazard

The strength of scientific evidence is often rated according to the design of the study. Although there are different systems rating the strength of evidence, the highest level of evidence (level I) is usually given to randomized controlled clinical trials or meta-analyses of such studies, while the lowest level of evidence (level III) is given to expert opinions and case reports [22] (Table 1). In addition to this hierarchy based on study design, how well the study design is executed is also graded. Although there are again different systems to grade how well the study design is executed, one of the most straigthforward ways is grading the execution of study design as “good”, “fair” or “poor”. A study meeting all criteria appropriate for the study design is judged as “good”, a “fair” study does not meet all criteria, but contains no fatal flaws, while a “poor” study contains fatal flaws [22]. Thus, the highest possible level of evidence, randomized controlled trials that are executed according to all criteria appropriate for the study design, is graded as level I-good ,while the lowest possible level of evidence, e.g. a case report that has fatal flaws in it’s study design, is graded level III-poor.

Periodontitis has been implicated as a risk factor for a large variety of diseases. Of these, most evidence has accumulated on periodontitis as a risk factor for diabetes, cardiovascular diseases and preterm low birth weight delivery. There is strong evidence (level I-fair to good) from meta-analyses of randomized controlled clinical trials that treatment of periodontitis in patients with diabetes mellitus type 2 reduces HbA1c by 0.4% [9,10]. A reduction in HbA1c of 0.9% is associated with a 10% decrease in the chance of dying from diabetes associated complications [23]. Thus, although the effect on HbA1c is small, prevention and treatment of periodontitis may contribute substantially to an improved overall health and reduced mortality in diabetes mellitus type 2 patients. 

Recent meta-analyses of observational studies have shown there is level II-2-good evidence of a periodontitis associated increased risk of cardiovascular disease, estimated relative risks being 1.1 and 1.3 [7,8]. With cardiovascular disease still being the number one cause of death worldwide, such a small increase may be highly relevant in preventing morbidity and mortality. However, whether periodontitis prevention and treatment reduces this risk, remains to be investigated. 

There is level II-2-fair evidence of periodontitis being associated with an increased risk of preterm low birth weight delivery with odds ratios of 4 to 8[24]. Again, the potential of treating periodontitis to reduce this risk remains to be investigated. Pre-eclampsia, a pregnancy complication characterized by hypertension and proteinuria, has also been reported to be associated with periodontitis (level II-2 fair). However, randomized controlled trials do not report a reduction in the incidence of pre-eclampsia after periodontitis treatment (level I-fair) [25]. Therefore, it appears the observed epidemiological association between pre-eclampsia and periodontitis is non-causal in nature, i.e. caused by a third, or multiple third, factor(s): confounding.  

Epidemiological associations have been reported between a large spectrum of other diseases and periodontitis, ranging from oral cancer to decreased fertility and sleep apnoea[26-28]. Obviously, these are not all causally related. Rather, these associations are at least in part based on confounding: periodontitis presence partly reflects poor overall health status. Factors like lifestyle (e.g. smoking and diet), socio-economic status, psychosocial factors and genes, cluster together and exert a negative effect on oral as well as overall health [29]. Thus, causal and non-causal associations between periodontitis and other diseases appear to exist. Therefore, careful exploration of the existence and nature of these associations should take place.
Future Puzzles

Rheumatoid Arthritis

One association that is in need of careful exploration is the association between periodontitis and rheumatoid arthritis as both epidemiologic associations and plausible mechanisms underlying the association have been reported. Studies appearing from 1990 report an increased prevalence and severity of periodontitis associated with rheumatoid arthritis [29-37]. Apart from the potentially increased prevalence and severity, some studies have implicated periodontitis as being an inducer of anti-citrullinated protein antibody formation [38-42]. Since anti-citrullinated protein antibodies are suspected of playing an important role in the aetiology of rheumatoid arthritis, by causing their formation, periodontitis might play a role in the aetiology of rheumatoid arthritis.

Challenges facing the field of periodontal medicine

Although the evidence from systematic reviews and meta-analyses lends support to periodontitis as a risk factor for other diseases, the same studies also point out the need for more, larger, well-designed observational and experimental studies to be performed [7-10,43-46]. Only few methodologically sound studies, with relatively small sample sizes, could be included in meta-analyses, as is evidenced by the large confidence intervals. Moreover, there appears to be a lack of consistent results across different studies, as evidenced by statistical and clinical heterogeneity observed in meta-analyses. Thus, additional methodologically sound studies are needed to shed light on the magnitude, consistency and nature of the observed associations between periodontitis and other diseases. These studies should meet some of the following challenges still facing the field of periodontal medicine:

1. Most studies assessing periodontitis as a risk factor for other diseases assessed periodontal status in a group of patients with a particular disease. Such case control studies are prone to selection bias. Selected populations, and observed associations, may not be representative of the general population. Furthermore, if proper blinding is not performed, observer bias may occur. Knowledge of disease status may influence observers’ measurements of periodontal status in favour of finding an increased prevalence of periodontitis among diseased versus control subjects.

2. A great variety of definitions are used for periodontitis as a risk factor for other diseases. This poses major problems when trying to summarize the available evidence in order to reach decisive conclusions. Many studies use a threshold value, separating the population into participants with and without periodontitis. Thresholds by their nature create dichotomous, yes or no, or at best ordinal (mild, moderate, severe) results. This may be problematic since the current model for the biologic plausibility of periodontitis as a risk factor for other diseases holds that the inflamed periodontium poses an inflammatory and infectious burden consisting of inflammatory mediators and /or oral bacteria entering the systemic circulation. The larger the amount of inflamed periodontium, the larger the inflammatory and infectious burdens may be. Therefore, it is crucial to have access to a tool that quantifies the amount of inflamed periodontal tissue, which diagnostic thresholds, by their nature, fail to do.

3. Two additional challenges facing the field of periodontal medicine are confounding and effect modification. As already mentioned above, periodontitis and other diseases share many common risk factors like smoking and increasing age. Such factors may confound an observed association between periodontitis and other diseases, i.e. the observed association is caused solely by this third confounding factor. To complicate matters, such a third factor may be an effect modifier instead of a confounder. In other words, a third factor effects the magnitude of the association between periodontitis and another disease. 

An example of an effect modifier that may exert an influence on associations between periodontitis and other diseases is nationality or ethnicity. Studies performed in different countries and among different ethnic populations show different results as to the magnitude [47,48], and sometimes the very existence, of associations between periodontitis and other diseases [49]. Differences in environment, life-style and genes associated with differences in nationality and ethnicity are known to affect the susceptibility to certain diseases and may therefore also affect the associations between periodontitis and other diseases. Therefore, results from one study cannot automatically be generalized to another population.

Scope of the thesis

Studies performed in this thesis aimed to tackle these challenges. Consequently, the overall aim of this thesis was to assess the effects of the inflammatory burden posed by periodontitis on overall health, and more specifically on overall health of diabetes type-2 and rheumatoid arthritis patients. 

The aim of the study presented in chapter 2 was to explore associations between periodontitis and a broad range of other diseases in a sample of the general population living in the North of the  Netherlands, while controlling for the most important confounders. This study aimed to meet the challenges of selection and information bias, confounding and the inability to generalize results from other studies to the Dutch population.

The aim of the study presented in chapter 3 was to create a continuous measure reflecting the amount of inflamed periodontal tissue that might be universally applied. This study aimed to meet the major challenge of finding a definition of periodontitis that quantified the amount of inflamed periodontal tissue. Thereby, this measure could be assumed to quantify the inflammatory burden posed by periodontitis and, as the latter is thought to pose a risk to overall health, simultaneously quantify the risk periodontitis poses to overall health. To meet the challenge of the incomparability of research results created by the great variety of definitions used for periodontitis as a risk factor for other diseases, this study additionally aimed to create a tool that would make this new definition easily and broadly applicable. 

The aim of the study described in chapter 4 was to assess whether a dose response relationship existed between the amount of inflamed periodontal tissue and glycosylated hemoglobin (as a measure of blood glucose control over a prolonged period of time) in a group of African American diabetes type-2 patients. This study aimed to meet the challenge of validating the new continuous variable reflecting the amount of inflamed periodontal tissue, by assessing convergent validity i.e. the degree to which the new measure correlates with a measure it was supposed to predict. The validation process was performed in this specific population since strong evidence is accumulating on periodontitis as a risk factor for diabetes type-2, and African-Americans are known for their increased susceptibility to diabetes type-2. 

The aim of the study described in chapter 5 was to compare the prevalence and severity of periodontitis between patients with diabetes type-2 and healthy subjects in Indonesia. To assess the effect of using different measures to define periodontitis on differences in the prevalence and severity of periodontitis between Indonesians with diabetes type-2 and healthy controls, many different methods to define periodontitis were used, including the newly developed measure that quantified the amount of inflamed periodontal tissue. 

In conjunction with the previous studies performed in the Netherlands and Curacao, an additional aim was to assess the influence of nationality and ethnicity on observed associations between periodontitis and diabetes. This specific population was chosen since Asians constitute 60% of the world’s population, Indonesia is the 4th most populous country in the world, and Indonesia is in the top ten of countries with the highest number of diabetes patients in the world.

The study described in chapter 6 assessed whether the amount of inflamed periodontal tissue was associated with HbA1c, while controlling for confounding and effect modification, in a group of Indonesian type-2 diabetes patients and healthy controls. This study sought to meet the challenge of finding the underlying nature of an association between periodontitis and blood glucose control, by assessing the amount of inflamed periodontal tissue and relating it to both measures of systemic inflammation (e.g. CRP) as well as to HbA1c, while controlling for a broad range of potential confounders (age, sex, BMI, socio economic status, smoking and plaque control).

The aim of the study described in chapter 7 was to systematically review the current literature to answer the following questions: I) is periodontitis prevalence and severity increased in rheumatoid arthritis patients and II) does treatment of periodontitis reduce rheumatoid arthritis disease activity? This study aimed to summarize the best available evidence on the observed epidemiological association between periodontitis and rheumatoid arthritis quantitatively, in a non-biased, reproducible way. Since a few randomized controlled trials indicated that treatment of periodontitis reduces disease activity of rheumatoid arthritis, the best available evidence on this topic was summarized in a similar fashion. 

The aim of the study described in chapter 8 was to explore the potential presence of citrullinated proteins in periodontal tissue of patients with periodontitis. This study sought to meet the challenge of exploring the nature underlying the observed association between periodontitis and rheumatoid arthritis. Anti-citrullinated protein antibodies are suspected of playing an important role in the aetiology of rheumatoid arthritis. Some studies reported that periodontitis contains all of the ingredients necessary to induce anti-citrullinated protein antibody production. However, whether the most basic ingredient needed for anti- citrullinated protein antibody formation, i.e. citrullinated proteins, was present in periodontitis tissue remained unknown. This study sought to address this important issue.
Table 1. Hierarchy of research design

I
Evidence obtained from at least one properly randomized controlled trial or systematic reviews and meta-analyses of such studies.

II–1
Evidence obtained from well-designed controlled trials without randomization.

II–2
Evidence obtained from well-designed cohort or case- control analytic studies, preferably from more than one center or research group.

II–3
Evidence obtained from multiple time series with or without the intervention. Dramatic results in uncontrolled experiments (such as the results of the introduction of penicillin treatment in the 1940s) could also be regarded as this type of evidence.

III
Opinions of respected authorities, based on clinical experience, descriptive studies and case reports, or reports of expert committees.
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Fig 1. “ I have had several gentle women in my house, who were keen on seeing the little eels in vinegar; buts ome of ‘em were so disgusted that they vowed they’d ne’er use vinegar again. But what if one should tell such people in future that there are more animals living in the scum on the teeth in a man’s mouth, than there are men in a whole kingdom?” Anthonie van Leeuwenhoek 
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Chapter 2 
Increased Prevalence of Cardiovascular and Auto-immune Diseases in Periodontitis Patients: a Cross-sectional Study 

Abstract

Background: Associations between periodontitis and cardiovascular and autoimmune diseases are most often assessed in patients with a particular cardiovascular or autoimmune disease. To prevent selection bias, this study assessed the existence of associations between periodontitis and cardiovascular and autoimmune diseases in patients attending a dental or periodontal clinic.

Methods: Data were collected from 1276 randomly selected dental records from patients attending a dental (n=588) or periodontal (n=688) clinic. Data on the prevalence of cardiovascular and autoimmune diseases were obtained from a validated health questionnaire. Data on the presence of periodontitis were taken from patients’ dental records. 

Results: In uncontrolled analyses, the prevalence of hypertension, diabetes mellitus (DM) and rheumatoid arthritis (RA) is significantly increased in periodontitis patients. Controlled for confounding, periodontitis was associated with DM, with an Odds Ratio of 4.0 (1.03-15.3), in the dental clinic. DM was not associated with periodontitis in periodontal clinics. Hypertension does not appear to be associated with periodontitis when controlling for confounders. Periodontitis might be associated with RA in both clinics types. 

Conclusions: The increased prevalence of cardiovascular and auto-immune diseases among periodontitis patients attending dental or periodontal clinics may, at least in part, be influenced by confounding. However, the increased prevalence of DM and RA in periodontitis patients could not be explained for by confounding.

Introduction
Periodontitis is a chronic inflammatory disease of the teeth supporting tissues. Severe generalized periodontitis affects 5 to 15% of any population worldwide and is a major cause of tooth loss1. However, periodontitis appears to affect more than just the teeth supporting tissues. Studies have reported associations between periodontitis and cardiovascular and autoimmune diseases2-5 like myocardial infarction6,7, hypertension8, stroke9-10, diabetes mellitus (DM)11-16 and rheumatoid arthritis (RA)17-20. 

The underlying causes of such associations could be fourfold. First, a disease may predispose to the development of periodontitis. Second, the reverse may be true, periodontitis may predispose to the development of certain diseases. Third, there may be no effect of a disease on periodontitis and no effect of periodontitis on that disease. The association between periodontitis and that disease would then be a coincidental finding caused by a “third” confounding factor. Fourth, periodontitis may indeed cause a certain disease, but only in the presence of a “third” modifying factor. It is also possible that all these mechanisms collectively cause association between periodontitis and a certain disease. Whatsoever the nature of associations between periodontitis and cardiovascular and autoimmune diseases may be, the existence of such associations may be relevant to the prevention of both periodontitis as well as other diseases.

Since several studies did not find a significant association between periodontitis and cardiovascular or autoimmune diseases21-26, the existence of associations between periodontitis and cardiovascular and autoimmune diseases is still not proven beyond doubt. Furthermore, studies that did find a significant association, most often assessed periodontal status within groups of patients with a particular cardiovascular or autoimmune disease. Selecting groups of patients with a particular cardiovascular or autoimmune disease may lead to selection bias. The selected patients may not be representative for all patients with a cardiovascular or autoimmune disease, nor of patients attending a dental or periodontal clinic. Therefore, it is unknown whether associations between periodontitis and cardiovascular and autoimmune diseases exist in patients attending a dental or periodontal clinic. The aim of this study was to assess the existence of associations between periodontitis and cardiovascular and autoimmune diseases in a random selection of dental records of patients attending a dental or periodontal clinic.
Subjects and methods 

Subjects

Data were collected from a convenient sample of 1276 randomly selected dental records, 588 patients attending a dental clinic and 688 patients attending two periodontal clinics. Selection was performed by randomly picking letters and including all patients whose family name started with randomly selected characters. 
The dental clinic was located in the northern part of the Netherlands (Leeuwarden). Patients attended this clinic for regular dental check-ups once or twice a year. The periodontal clinics were located in the northern (Groningen) and western (Amsterdam) part of the Netherlands, respectively. These periodontal clinics treated patients who were referred for specialist periodontal care.
All patients attending the dental clinic were routinely screened for periodontitis using a Community Periodontal Index of Treatment Needs (CPITN)-based scoring system27,28 in which Probing pocket depths (PPD) were measured on six sites per tooth, on all teeth, and the highest CPITN-score per sextant was recorded. In case all CPITN-scores were <3 in all sextants, indicating no PPD ≥4mm (defined as health to gingivitis), only CPITN scores per sextant were recorded. In case of any CPITN-score of ≥3, indicating PPD ≥4mm (defined as periodontitis), all PPD measurements, full mouth at six sites per tooth, were recorded. All patients attending the specialist periodontal clinics underwent full mouth PPD measurement on six sites per tooth, all of which were recorded. Hence, full mouth PPD data were available for all patients with periodontitis. These data were used to calculate the number of sites affected by PPD ≥4 as a percentage of the total amount of probed sites (extend) and the mean PPD (severity). 

All patients in dental and periodontal clinics completed the same, extensively validated, self-reported health questionnaire29,30,31. Patients` responses to this questionnaire have previously been compared with the results of a verbal history, taken by an experienced physician (the ‘gold standard’). The sensitivity, specificity and Cohen's Kappa of the medical questionnaire were shown to be 0.88, 0.98 and 0.87 respectively32. Information on the prevalence of cardiovascular and autoimmune diseases was obtained from this questionnaire. Additionally, use of medication was also available from the same health questionnaire. This information was used to verify patients’ answers regarding the presence or absence of cardiovascular or autoimmune diseases. Information on age, sex and smoking was obtained from patients` dental records. 

Inclusion criteria

Records were included of dentate patients who were at least 18 years old, who completed the health questionnaire, and of whom a full mouth CPITN-based screening or full mouth PPD recording was available. When the interval between date of periodontal screening and date of completion of the health questionnaire exceeded one year, records were excluded. 

This study was approved by the Medical Ethics Committee of the University Medical Center Groningen. 

Selection of other diseases and possible confounders

In the current study cardiovascular (i.e. hypertension, myocardial infarction and stroke) and autoimmune diseases (i.e. DM, hypothyroidism and RA) were chosen from the health questionnaire for analysis on the basis of their reported associations with periodontitis2-20. The selection of these diseases from the health questionnaire was performed prior to analysis. As potential confounders in the relationship between periodontitis and cardiovascular and autoimmune diseases, sex, age and smoking habits were also assessed; these variables were also selected prior to analysis of their potential association with periodontitis. 

Statistical analyses 

Group 1 consisted of controls, viz. subjects attending the dental clinic without periodontitis. Group 2 and 3 consisted of periodontitis patients attending, respectively, the dental clinic (group 2) and periodontal clinics (group 3) (tables 1 &2). First, differences in the prevalence of cardiovascular and autoimmune diseases between three groups of patients were compared (groups 1, 2, and 3). In case of a significant difference between the 3 groups, pairwise comparisons were made (group 1 with group 2 and group 1 with group 3). Differences in the prevalence of cardiovascular and autoimmune diseases were tested for significance using the Chi-square test. Differences in potential confounders, age, sex and smoking, between patients were tested likewise; firstly overall (groups 1,2 and 3), and in case of a significant difference, secondly pairwise using Chi-square tests and independent sample t-test as appropriate. Additionally, differences in confounders and disease prevalence between periodontitis patients attending dental or periodontal clinics (groups 2 and 3) were tested for significance. For all pairwise comparisons, a Bonferroni-Holm correction for multiple statistical tests was used; adjusting the significance level of 0.05 appropriately.

Diseases that were found to be significantly more prevalent among patients with periodontitis in the univariate analyses were further analyzed using logistic regression (method: backward stepwise). On the basis of the outcomes of the logistic regression, the associations were expressed as Odds Ratios while controlling for potential confounding by age, sex and smoking. Smoking was entered into the model as 0, for currently not smoking, or 1, for currently smoking. Age was entered as a continuous variable. Effect modification, i.e. interactions between variables, was explored. All statistics were calculated using a statistical software program.* (Footnote: *SPSS inc., an IBM company, Chicago, Illinois, USA)
Results 

Patients’ characteristics

In the dental clinic, 91% of 588 randomly selected dental records met inclusion criteria (n=537, table 1). The remaining 9% of the selected records (n=51) was mainly excluded because the interval between the date of periodontal screening and the date of completion of the health questionnaire exceeded one year. Full mouth PPD recordings were available for 72% (n=163) of all patients with a CPITN-score of ≥3 (n=225). In the remaining 28% of the patients with a CPITN-score ≥ 3 (n=62), full mouth PPD recordings were unavailable due to objection to full mouth screening for financial or other reasons. On average, 36% (median, with interquartile range: 21 to 52%) of all probed sites of patients with periodontitis in the dental clinic were affected by median PPD of 4.9mm (interquartile range 4.6 to 5.3mm). 

In the specialist periodontal clinics, 98% of 688 randomly selected records met the inclusion criteria (n=671). On average, 49% (median, with interquartile range 30 to 72%) of all probed sites of patients with periodontitis in periodontal clinics were affected by median PPD of 5.2mm (interquartile range 4.8 to 5.7mm).  Table 1 shows patients’ characteristics.

Results of univariate, unadjusted analyses 

The prevalence of periodontitis in the dental clinic was 40% (table 1, group 2). Age and sex differed significantly among groups 1, 2 and 3 (p-values respectively <0.001 and 0.003). Patients with periodontitis in the dental clinic (group 2) were significantly older than controls (group 1; mean difference 8 years, p<0.001). Patients with periodontitis in the periodontal clinics (group 3) were on average, 16 years older than patients without periodontitis in the control group (p<0.001). Periodontitis patients from periodontal clinics were more often female (61 vs. 48%, p<0.001), and were on average 8 years older (p<0.008) than periodontitis patients in the dental clinic. Data on smoking habits was available for 50% of patients attending the general dental clinic. In specialist periodontal clinics, data on smoking was present in 99% of cases (663 out of 671). Smoking differed significantly between all groups and between groups 2 and 3 (p-values respectively 0.018 and 0.026).

Periodontitis patients from periodontal clinics had significantly more sites affected by significantly deeper PPD (both p-values <0.001).

Prevalence of hypertension, DM and RA differed significantly between all 3 groups (table 2, p-values respectively <0.001, 0.023 and 0.025). In the dental clinic the prevalence of hypertension was significantly higher in periodontitis patients compared to controls (p= 0.001). In periodontal clinics, the prevalence of hypertension, DM and RA was significantly higher than controls (p-values respectively <0.001, 0.008 and 0.004). There was no significant difference in the prevalence of any diseases between periodontitis patients from dental and periodontal clinics (groups 2 and 3, data not shown).

Results of logistic regression analyses 

When controlling for age, sex and smoking, the Odds Ratio (OR) of diabetes mellitus associated with having periodontitis was 4.0 (1.03 to 15.5) in the dental clinic (table 3). 

Periodontitis was kept in the regression models predicting RA presence in both dental and periodontal clinics, since the probability for stepwise removal was set at 0.10 (significance of change 0.060 and 0.063 for dental and periodontal clinics respectively, with change in -2 log Likelihood both 3.5). In dental clinic periodontitis was the only predictor that was kept in the model. In periodontal clinics, age and sex were additional predictors of RA. However, the OR of RA associated with having periodontitis in both clinic types was unrealistically large, as were confidence intervals, when controlling for smoking. The OR of RA associated with having periodontitis without controlling for smoking was 4.4 (0.5 to 39.6) and 4.1 (0.5 to 32.8) in dental and periodontal clinics respectively (table 3). 

Other diseases didn’t show a significantly in- or decreased OR, nor was periodontitis ever kept in the final regression model on the basis of which the presence of these diseases was predicted. 
Introducing age, sex and smoking as possible effect modifiers (i.e. instead of introducing them as confounders) did not result in a significantly better regression model, nor in significant regression coefficients of these effect modifiers. 

Discussion

Most studies on associations between periodontitis and cardiovascular and autoimmune diseases, assessed periodontal status within a group of patients with a particular cardiovascular or autoimmune disease. To avoid selection bias, this study assessed these associations in a large random sample of patients attending general dental (n=537) and periodontal (n=671) clinics. Several conclusions can be drawn from the results.

First, in univariate, unadjusted analyses hypertension (HT) was significantly more prevalent among periodontitis patients in the dental clinic. DM was almost significantly more prevelant (p value 0.012, with significance level 0.010 using Bonferroni-Holm correction). HT, DM and RA were significantly more prevalent among periodontitis patients in the periodontal clinics. Given the random selection of patients attending these clinics, the increased prevalence of these cardiovascular and autoimmune diseases among periodontitis patients is probably not the result of selection bias. 

Second, when controlling for age, sex and smoking as potential confounders, the OR of DM was significantly increased (4.0, 95%CI: 1.03 to 15.3) in periodontitis patients in the dental clinic. Third, the significantly increased prevalence of HT among periodontitis patients, may have been the result of confounding by age, sex and smoking, since no significantly increased OR`s were found after controlling for these factors.  

Fourth, attempts to elucidate the nature of associations between periodontitis and RA, by controlling for the potential confounders age, sex and smoking, were hampered by the low prevalence of RA. There was only one RA patient without periodontitis (table 2). Smoking status of this RA patient without periodontitis was unfortunately unknown. When logistic regression analyses were performed controlling for smoking, periodontitis was kept in the final regression models predicting RA in dental and periodontal clinics. However, results from logistic regression analyses yielded unrealistically large ORs and confidence intervals (hence why ORs for RA were presented without controlling for smoking; table 3). 
Given the relatively low prevalence of some cardiovascular and autoimmune diseases, including RA, a case control study might have been more appropriate. However, the latter is highly susceptible to selection bias. In conclusion, the nature of the observed association between periodontitis and RA remains unclear, but may be caused by more than just confounding.   

The relevance of the significantly increased OR of DM, controlled for confounding, in the dental clinic, depends on whether this association can be generalized to the general population, and on the nature of this association. Regarding generalization, we did not use a population based sampling scheme to capture a representative sample of the general population. Rather, a random sample of patients attending a dental clinic was taken, from an area of which 74% of the general population attends a dental clinic for a yearly check-up33. Therefore, our sample might be representative of the general population in the North of the Netherlands.  

Regarding the nature of the association between DM and periodontitis, there may be a bilateral causal association between periodontitis and DM. On the one hand, DM may lead to periodontitis. Increased levels of blood glucose leads to altered local immune responses, delayed wound healing and increased chance of infections34. On the other hand, periodontitis may lead to DM. An inflammatory burden, consisting of inflammatory mediators as TNF-α, IL-6 and IL-1 in the systemic circulation, alters lipid and glucose metabolism35, and induces insulin resistance36,37,38. This inflammatory burden posed by periodontitis may be quantified by means of the Periodontal Inflamed Surface Area (PISA)39. On a group level an increase in PISA has been shown to be associated with an increase in HbA1c in type-2 diabetics15. Finally, treatment of periodontitis has been shown to improve glycemic control in type 2 diabetics40-47. Therefore this association could be relevant to public health. However, this study by it’s nature couldn’t establish causality.

The use of the CPITN to diagnose periodontitis in the dental clinic may be considered as a weakness of this study. However, full mouth PPD recording were available for 72% of patients with CPITN-score ≥ 3. The results of these 72% show that, with an average number of 26 teeth, around which a median of 36% of probed sites exhibited median PPD of 4.9mm, patients with CPITN-score ≥ 3 may, at least in our study, safely be regarded as having periodontitis48.

The use of questionnaires to assess general health might be considered as another point of weakness of this study. However, all clinics used the same validated health assessment questionnaires. Previous studies have shown that this questionnaire had a sensitivity, specificity and Cohen`s Kappa of 0.88, 0.98 and 0.87, respectively32. Thus, the questionnaire applied in this study may be considered as a sound indicator of the presence of cardiovascular and autoimmune diseases.  

A weakness of this study is that smoking status was available for only 50% of patients attending the dental clinic. Fortunately, there is no reason to assume any form of bias in the availability of data on smoking status, since data on smoking was available in approximately 50% of both periodontitis patients and healthy controls. However, binary logistic regression analyses controlling for smoking (and age and sex) could only make use of those patients of which smoking status was known. Thus, sample size was reduced by 50%, thereby decreasing statistical power. This may have hampered analyzing the associations between periodontitis and diseases with a low prevalence. Furthermore, we could unfortunately not control for smoking duration and dose (packyears).  

In conclusion, there is an increased prevalence of cardiovascular and auto-immune diseases among patients with periodontitis attending dental or periodontal clinics. The increased prevalence of DM and RA in periodontitis patients could not be explained by confounding. The increased prevalence of other diseases are, at least in part, caused by confounding. Nevertheless, these findings might be relevant in safeguarding oral health, as these diseases may be regarded as risk indicators of periodontitis. 
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Table 1. Patients’ characteristics. 

	Clinic
	Group 1

Dental clinic

Controls 60% (320)
	Group 2

Dental clinic

Periodontitis 

 40% (217)
	Group 3

Periodontal clinic

 (671)
	Overall (groups 1, 2 & 3)

p
	Group 1 versus Group 2

p
	Group 1 versus Group 3

p
	Group 2 versus Group 3

	Sex %(n)* ║§  Males, 
	44% (141)
	52% (113)
	39% (262)
	0.003
	0.058
	0.165
	0.001

	                         Females
	56% (179)
	48% (104)
	61% (409)
	
	
	
	

	Age (yrs), mean (sd)** ║†‡§
	33 (11)
	41 (12)
	49 (11)
	<0.001K
	<0.001
	<0.001
	<0.001

	Smoking %(n)*/ *** ║§
Periodontal variables: 

Number of teeth, mean (+ sd)

% with PPD>4mm, median (interquartile range) §
PPD, median, (interquartile range) §
	31% (49 out of 158)

Unknown

None

<4mm
	28% (32 out of 113)

26 (+ 5)

36 (21 to 52) %

4.9 (4.6 to 5.3) mm
	40% (270 out of 663)

26 (+ 4)

49 (30 to 72) %

5.2 (4.8 to 5.7) mm
	0.018

n.a.

n.a.

n.a.
	0.714

n.a.

n.a.

n.a.
	0.039

n.a.

n.a.

n.a.
	0.026

0.371

<0.008

<0.008


Differences in potential confounders age, sex and smoking were compared both between all 3 groups and pairwise. 

Additionally, differences between periodontitis patients from dental and periodontal clinics were tested pairwise. 

║ statistically significant difference (p < 0.05) between groups 1, 2 and 3

† statistically significant difference (α of 0.05 corrected with Bonferroni-Holm) between groups 1 and 2

‡ statistically significant difference (α of 0.05 corrected with Bonferroni-Holm) between groups 1 and 3

§ statistically significant difference (α of 0.05 corrected with Bonferroni-Holm) between groups 2 and 3

* Differences in gender distribution and smoking status were analyzed using χ2 test

** Differences in age were analyzed using t-test for independent samples

*** Data on smoking was available for 50% (271 out of 537) of patients in the dental clinic. 

K = Kruskal Wallis test

n = number of patients

n.a. = not applicable

yrs = years

sd = standard deviation 

Table 2. Prevalence of diseases in patients with and without periodontitis, without controlling for confounding. 

	Prevalence of:
	Group 1

Dental Clinic

no periodontitis

(320)
	Group 2

Dental Clinic

periodontitis 

(217)
	Group 3

Periodontal Clinics

periodontitis

(671)
	Overall (groups 1, 2 & 3)

p
	Group 1 versus 

Group 2

p
	Group 1 versus 

Group 3

p

	Hypertension║† ‡
	5.0% (16)
	13.4% (29)
	16.5% (111)
	<0.001
	0.001
	<0.001

	Myocardial Infarction
	0.9% (3)
	1.4% (3)
	2.4% (16)
	0.235
	0.694F
	0.120

	Stroke
	0.3% (1)
	2.8% (6)
	1.3% (9)
	0.058
	0.021F
	0.181F 

	Diabetes║ ‡
	1.6% (5)
	 5.5% (12)
	5.1% (34)
	0.023
	0.012
	0.008 

	Hypothyroidism
	2.5% (8)
	3.2% (7)
	4.6% (31)
	0.223
	0.661
	0.109

	Rheumatoid arthritis║‡ 
	0.3% (1)
	2.8% (6)
	3.0% (20)
	0.025
	0.021F
	0.004F


Prevalence of cardiovascular and autoimmune diseases is presented as percentages (and numbers (n)) of the total amount of patients in each group.

Differences in cardiovascular and auto-immune disease prevalence were compared between all 3 groups and pairwise (differences between group 2 and group 3 are not shown; none of these differences was significant). 

(χ2) = calculated using Pearson Chi-Square 

F = calculated using Fisher`s Exact test (expected cell count of <5 in more than 25% of all cells). 

║ statistically significant difference (p < 0.05) between groups 1, 2 and 3

† statistically significant difference (α of 0.05 corrected with Bonferroni-Holm) in disease prevalence between groups 1 and 2

‡ statistically significant difference (α of 0.05 corrected with Bonferroni-Holm) in disease prevalence between groups 1 and 3

Table 3. Odds ratios (95% Confidence Intervals) for cardiovascular- and autoimmune diseases associated with periodontitis.

	
	 HT
	 DM
	 RA

	Dental Clinic, OR (95CI)
	0.6 (0.2 to 2.1)
	4.0 (1.03 to 15.3)*
	4.4 (0.5 to 39.6)**

	Periodontal Clinics, OR (95CI)
	1.2 (0.6 to 2.8)


	1.0 (0.3 to 3.8)


	4.1 (0.5 to 32.8)**




Presented Odds ratio`s (OR) are from binary logistic regression analyses with age, sex and smoking included in the model.

* 
The neutral value of 1 (no effect) is not included in the 95% confidence interval (95 CI), indicating a significantly increased OR (p<0.05)

**
Periodontitis was kept in the final model to predict RA when controlling for age, sex and smoking. 

However, this yielded unrealistically high ORs. Therefore, presented ORs are from regression analyses not corrected for smoking.

DM = Diabetes Mellitus, HT = Hypertension, RA = Rheumatoid Arthritis

Chapter 3

Periodontal Inflamed Surface Area (PISA):

Quantifying inflammatory burden 

Abstract
Background: Currently, a large variety of classifications is used for periodontitis as a risk factor for other diseases. None of these classifications quantifies the amount of inflamed periodontal tissue, while this information is needed to assess the inflammatory burden posed by periodontitis.
Aim: To develop a classification of periodontitis that quantifies the amount of inflamed periodontal tissue, which can be easily and broadly applied.                                                           

Materials and methods: A literature search was conducted to look for a classification of periodontitis that quantified the amount of inflamed periodontal tissue. A classification that quantified the root surface area affected by attachment loss was found. This classification did not quantify the surface area of inflamed periodontal tissue, however. Therefore, an Excel spreadsheet was developed in which the Periodontal Inflamed Surface Area (PISA) is calculated using Clinical Attachment Level (CAL), recessions and bleeding on probing (BOP).

Results: The PISA reflects the surface area of bleeding pocket epithelium in square millimetres. The surface area of bleeding pocket epithelium quantifies the amount of inflamed periodontal tissue. A freely downloadable spreadsheet is available to calculate the PISA.

Conclusion: PISA quantifies the inflammatory burden posed by periodontitis and can be easily and broadly applied. 

Introduction

Periodontitis is a chronic inflammatory disease of the supporting tissues around the teeth. Severe generalised periodontitis affects 5 to 15% of any population worldwide and is a major cause of teeth loss (Burt 2005, Al-Shammari et al. 2005, Yoshida et al. 2001). Periodontitis may, however, affect more than teeth and their surrounding structures. Periodontitis is claimed to be a risk factor for a broad range of diseases such as cardiovascular diseases and  stroke (Bahekar et al. 2007;Janket et al. 2003;Khader et al. 2004;Scannapieco et al. 2003a)  diabetes (Khader et al. 2006;Saremi et al. 2005), pneumonia (Scannapieco et al. 2003b) and preterm low birth weight (Khader & Ta'ani 2005; Scannapieco et al. 2003c).

The biologic model for the plausibility of periodontitis as a risk factor for other diseases holds that periodontitis causes an inflammatory burden by eliciting bacteraemia (Chiu 1999; Madianos et al. 2001), systemic inflammatory responses (Beck et al. 2005, D'Aiuto et al. 2004, Kweider et al. 1993, Montebugnoli et al. 2005, Southerland et al. 2006), or cross-reactivity leading to auto-immune reactions (Rosenstein et al. 2004, Bartold et al. 2005). This inflammatory burden in turn causes damage to the human body far beyond the oral cavity. Following this biologic model, the larger the amount of inflamed periodontal tissue is, the larger the chances are of periodontitis eliciting bacteraemia, systemic inflammatory responses or cross-reactivity. Therefore, any classification of periodontitis as a risk factor for other diseases should quantify the amount of inflamed periodontal tissue in order to quantify the inflammatory burden. 

Many studies express periodontitis as a non-continuous variable. These studies use cut-off points to classify patients as being either unaffected or affected by mild, moderate or severe periodontitis. By definition, these classifications do not quantify the amount of inflamed periodontal tissue (Bahekar et al. 2007, Janket et al. 2003, Khader et al. 2004, Khader & Ta'ani 2005, Khader et al. 2006, Merchant & Pitiphat 2007, Scannapieco et al. 2003a, Scannapieco et al. 2003c, Scannapieco et al. 2003b). Some studies linking periodontitis to other diseases do quantify periodontitis as a continuous variable, i.e. using mean probing pocket depth or mean clinical attachment level (Bahekar et al. 2007, Janket et al. 2003, Khader et al. 2004, Khader & Ta'ani 2005, Khader et al. 2006, Merchant & Pitiphat 2007, Scannapieco et al. 2003a, Scannapieco et al. 2003c, Scannapieco et al. 2003b). Although these are continuous variables, this does not necessarily mean that these outcome measures quantify the amount of inflamed periodontal tissue. Thus, none of the classifications currently used expresses periodontitis as a continuous variable that is a measure of the amount of inflamed periodontal tissue. Hence these classifications may not quantify the inflammatory burden posed by periodontitis. 

In addition, a great variety of classifications is used. In research on periodontitis as a risk factor for preterm low birth weight for example, 13 different classifications of periodontitis are being used (Khader & Ta'ani 2005, Scannapieco et al. 2003c, Vettore et al. 2008). Broad application of just one classification of periodontitis would allow for a better comparison of these studies, which may in turn provide decisive conclusions on periodontitis as a risk factor for other diseases.

The goal of this paper was to develop a classification of periodontitis that quantifies the amount of inflamed periodontal tissue and which can be easily and broadly applied.

Materials and methods

Periodontal Inflamed Surface Area (PISA)

Since no gold standard for periodontitis as a risk factor for other diseases exists, a list of demands was assembled for the construction of a new classification of periodontitis. The first and foremost demand was that the new classification should adequately quantify the amount of inflamed periodontal tissue. Second, the classification should be easy to use and broadly applicable. This means that the classification should make use of clinical measurements commonly used to establish periodontitis, i.e. Clinical Attachment Level (CAL), recession and Bleeding On Probing (BOP) measurements. A literature search was performed to look for a classification of periodontitis that met these demands. 

A classification that quantified the total surface area of attachment loss was found (Hujoel et al. 2001). We will refer to this classification as the Attachment Loss Surface Area (ALSA). To calculate the ALSA, formulas were generated whereby linear probing measurements, from the Cemento-Enemal Junction (CEJ) to the bottom of the pocket (i.e. CAL), around a particular tooth are transformed into the ALSA for that particular tooth (Despeignes 1979, Hujoel 1994, Hujoel et al. 2001). 

The ALSA quantifies the root surface area that has become exposed due to attachment loss. However, the ALSA cannot be used to quantify the amount of inflamed periodontal tissue. ALSA does not quantify the Periodontal Epithelial Surface Area (PESA), because CAL instead of PPD measurements are used to calculate ALSA (fig 1). To calculate the Periodontal Epithelial Surface Area (PESA), the Recession Surface Area (RSA) has to be subtracted from Attachment Loss Surface Area (ALSA) (fig. 1a and 1b). Since ALSA = PESA + RSA, it can be deducted that ALSA - RSA = PESA. To calculate the PESA there are three arithmetical possibilities, depending on the Location of the Gingival Margin (LGM):

1. The LGM is below the CEJ so the Recession Surface Area (RSA) > 0. In this case, PPD < CAL and thus PESA < ALSA. Therefore PESA = ALSA- RSA (fig 1a)

2. The Location of Gingival Margin (LGM) is exactly at the CEJ. In this case, Probing Pocket Depth (PPD) = Clinical Attachment Level (CAL), RSA = 0. Therefore PESA = ALSA (fig 1b)

3. The LGM is above the CEJ. Since PPD > CAL, PESA > ALSA. Using CAL will lead to an underestimation of PESA. Calculating the PESA is only possible by using PPD instead of CAL, i.e. entering PPD as CAL in the formula transforming linear measurements to surface area. This will still lead to an underestimation of PESA (fig 1c). 

Thus, PESA accurately quantifies the surface area of pocket epithelium if LGM is at or below the CEJ. However, PESA does still not quantify the surface area of inflamed pocket epithelium. After all, the PESA also includes healthy pocket epithelium. Healthy pocket epithelium contains relatively few inflammatory cells and may pose an effective barrier against bacteria trying to enter the circulation (Amato et al. 1986, Caton et al. 1988, Thilo et al. 1986). Therefore, part of the PESA that consists of healthy epithelium may not contribute to the inflammatory burden.

The inflamed part of the PESA on the other hand, does theoretically pose an inflammatory burden. To calculate the inflamed part of the PESA we propose calculating part of the PESA that is affected by Bleeding On Probing (BOP). After all, BOP reflects decreased collagen density, increased blood vessel density and fragility and a reduction of epithelial thickness and epithelial integrity (Amato et al. 1986, Davenport, Jr. et al. 1982, Greenstein et al. 1981, Muller-Glauser & Schroeder 1982, Polson et al. 1981). Thin, fragile or even discontinuous pocket epithelium, may serve as an entrance for oral bacteria into the systemic circulation. Furthermore, BOP is characterised by a dense infiltration of inflammatory cells (Caton et al. 1988, Thilo et al. 1986). These inflammatory cells may play a key role in eliciting a systemic inflammatory response or cross-reactivity. Thus, the bleeding surface area, the Periodontal Inflamed Surface Area (PISA), may be thought of as the main contributor to any systemic inflammatory burden posed by periodontitis. Therefore, the PISA is proposed as a classification of periodontitis that quantifies the amount of inflamed periodontal tissue and as such, quantifies the systemic inflammatory burden.

Results

Calculating Periodontal Inflamed Surface Area

Using the formulas described by Hujoel et al. (2001), a Microsoft Excel spreadsheet was constructed to facilitate PISA calculation. PISA is calculated in seven steps:

1. After completing the CAL measurements at six sites per tooth, the computer calculates the mean CAL for each particular tooth. 

2. The mean CAL around a particular tooth is entered into the appropriate formula for the translation of linear CAL measurements to the ALSA for that specific tooth (Hujoel et al. 2001). 

3. After filling in recession measurements at six sites per tooth, the computer calculates the mean recession for each particular tooth. 

4. The mean recession around a particular tooth is entered into the appropriate formula for the translation of linear recession measurements to the RSA for that specific tooth (Hujoel et al. 2001). 

5. The RSA for a particular tooth is subtracted from the ALSA of that particular tooth, rendering the PESA for that specific tooth; i.e. PESA= ALSA- RSA (fig.1a and 1b)

6. The PESA for a particular tooth is then multiplied by the proportion of sites around that tooth that was affected by BOP. For example, if three out of the maximum of six sites were affected by BOP, the PESA of that particular tooth was multiplied by 3/6, thereby rendering the Periodontal Inflamed Surface Area for that specific tooth. 

7. The sum of all individual PISA`s around individual teeth is calculated, amounting to the total PISA within a patient’s mouth. 

Next, PISA was calculated for three different patients. Patient 1 has a healthy periodontium; exhibiting limited BOP with CAL not exceeding 3mm (fig 2a). Patient 2 has severe local periodontitis; exhibiting BOP with CAL ranging from 6-10mm locally (fig 2b). Patient 3 has severe generalised periodontitis; exhibiting widespread BOP with PPD ranging from 3 to 10mm (fig 2c). PISA may thus range from 28.6 mm2 (≈ 0.3 cm2) in healthy individuals, to 3,899 mm2 (≈ 39 cm2) in patients with severe generalised periodontitis (fig. 2). 

Spreadsheets are freely available from our website; www.parsprototo.info. All it takes to calculate PISA is filling in CAL, recessions and BOP on six sites per tooth in this freely downloadable spreadsheet. In addition to research purposes, the spreadsheet might also be used to show patients their surface area of bleeding pocket epithelium in square mm, illustrating the inflammatory burden periodontitis potentially poses to their body.

Discussion

The great variation in periodontal classifications used in the various studies and the lack of a tool that adequately assesses the inflammatory burden of periodontitis is a major drawback of the studies published on the periodontal inflammation – systemic disease interaction. Therefore, a new measure of periodontitis as a risk factor for other diseases was developed, the PISA. PISA reflects the surface area of bleeding pocket epithelium in square millimetres. PISA is calculated using conventional CAL, recession and bleeding on probing measurements. PISA quantifies the amount of inflamed periodontal tissue, thereby quantifying the inflammatory burden posed by periodontitis. A freely downloadable spreadsheet is available to calculate PISA, therefore PISA can be easily and broadly applied. Broad application of PISA may provide decisive conclusions on periodontitis as a risk factor for other diseases. An additional advantage of the PISA is that it can be retrospectively calculated using existing research data containing CAL, recession and BOP measurements. 

Although PISA is thought to be the best tool for assessment of the amount of periodontal inflamed tissue that is currently available, for several reasons PISA might not precisely quantify the amount of inflamed tissue. First, CAL, recession and BOP measurements used for the calculation of PISA always include measurement errors related to observer, instrument, teeth patients and their interactions. Second, the formulas transforming CAL and recession to surface area, use population based mean values of both root surface areas and root lengths. Thus, individual variations in root surface area and root length are not taken into account when calculating PISA. Third, PISA quantifies the amount of inflamed periodontal tissue in two dimensions, whereas in fact it periodontitis is a three dimensional inflammatory process, i.e. extending into the connective tissue around the root. For these reasons, PISA may not precisely quantify the amount of inflammatory tissue. However, PISA likely quantifies the amount of inflamed periodontal tissue for each individual patient more accurately than any classification currently used.

PISA is, however, unable to accurately quantify the amount of inflamed periodontal tissue in case of pseudo-pockets or gingival overgrowth, i.e. when the gingival margin is located above the CEJ (fig 1c). In these cases, CAL will be smaller than PPD and ALSA will consequently be smaller than PESA. Therefore, using only CAL will underestimate the true PESA and thereby underestimate true PISA. Using PPD instead of CAL, i.e. entering PPD into the formula for CAL, will diminish this underestimation. However, given the conical shape of a root, it will still lead to a slight underestimation of true PISA. Fortunately, cases of gingival overgrowth are relatively rare, and often due to usage of mediation (e.g. anti-epileptic drugs, immune suppressive drugs, calcium blockers) or presence of certain diseases (e.g. leukaemia). These cases are not representative for the general population. Therefore, PISA can be used in the majority of cases, i.e. when the gingival margin is located at or below the CEJ. In case the gingival margin is located above the CEJ, PISA might still be used by replacing PPD with CAL, taking into account that it will result in an underestimation of true PISA.   

Finally, PISA might not adequately predict the probability of periodontitis to cause other diseases, even if it would be possible to measure precisely the amount of inflamed periodontal tissue. For example, the type of inflammation might be more important in causing other diseases than the amount of inflammation. Certain cells, proteins or inflammatory mediators might play a key role in causing other diseases. Furthermore, there might be a critical level of inflammation that functions as a threshold. When the threshold is passed, a response is initiated that causes damage to the human body beyond the oral cavity. Finally, PISA does not take into account the type of microbiological flora. Certain oral micro organisms might play a key role in causing other diseases, e.g. Campylobacter rectus, Prevotella intermedia, Porphyromonas gingivalis and Peptostreptococcus micros (Beck et al. 2005, Chiu 1999, Madianos et al. 2001). For these reasons, the PISA might not be the only determinant in predicting the probability of periodontitis to cause other diseases. When additional information on the role of certain inflammatory mediators or micro organisms in causing other diseases becomes available, this information and the PISA can be incorporated in a new model that predicts the probability of periodontitis to cause other diseases even more accurately. 

Although the PISA still has shortcomings, theoretically it appears to be a far better classification of periodontitis as a risk actor for other diseases than any classification currently used (face validity). The next step is to perform studies to analyse construct validity by means of correlating PISA with measures of the activity, severity or presence of other diseases. 
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Figure 2a: Full mouth CAL, recession and BOP measurements on six sites per tooth from a healthy patient. The PESA is 1 112.9 mm2 (≈ 11 cm2), the PISA is 28.6 mm2 (≈ 0.3 cm2).
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Figure 2b: Full mouth CAL, recession and BOP measurements on six sites per tooth from a patient with severe localised periodontitis. The PESA is 1,878.6 mm2 (≈ 19 cm2), the PISA is 1,048.6 mm2 (≈ 10 cm2).
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Figure 2c: Full mouth CAL, recession and BOP measurements on six sites per tooth from a patient with severe generalised periodontitis. The PESA is 3,899.1 mm2 (≈ 39 cm2), the PISA is 3,704.2 mm2 (≈ 37 cm2).
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Chapter 4

Periodontitis prevalence and severity 

in Indonesians with type 2 diabetes 

Abstract

Background: The prevalence of diabetes mellitus type 2 (DM2) in Indonesia is high and still rising. Periodontitis is associated with DM2. No study has investigated this association in Indonesia, nor has any study investigated this association using a variety of methods to operationalize periodontitis.  Therefore this study compared prevalence and severity of periodontitis in DM2 patients to healthy controls, using different methods to operationalize periodontitis. 
Methods: 78 DM2 and 76 healthy subjects underwent a full mouth periodontal screening assessing probing pocket depth, gingival recession, plaque index and bleeding on probing. Using these measurements, periodontitis prevalence and severity was operationalized in various ways. Differences in periodontitis prevalence and severity between DM2 and healthy subjects were analyzed using univariate analyses. In regression analyses, periodontitis prevalence and severity were predicted on the basis of DM2 presence, controlling for confounders and effect modification.
Results: Prevalence of periodontitis was significantly higher in DM2 compared to healthy subjects, showing odds ratios of 5.0 and 6.1. Likewise, periodontitis severity was significantly higher in DM2 subjects. 
Conclusion: Indonesian DM2 subjects had more prevalent and more severe periodontitis than Indonesian healthy subjects, independent of confounding factors or the methods used to operationalize periodontitis.

Introduction

Diabetes mellitus (DM) is a chronic disease characterized by dysregulation of carbohydrate, protein and lipid metabolism. An elevation of blood glucose level (hyperglycemia) is the primary feature of DM and results from either a defect in insulin secretion by pancreatic beta cells, a decrease in insulin sensitivity, or a combination of both. The most common form of DM is DM type 2 (DM2), which accounts for 85% of all diabetes patients. 1 The estimated world wide prevalence of DM is 220.5 million, or 2.8 % of the world’s population. DM currently is the twelfth leading cause of death in the world. The prevalence is estimated to rise up to 4.4%, putting DM in the top ten leading causes of death by 2030. 2, 3 With the increasing prevalence of DM, this already vast and world wide epidemic will increasingly pose serious problems to public health. These problems mostly arise from the complications associated with DM like myocardial infarction, cerebrovascular disease, retinopathy, nephropathy and neuropathy. 4 

Periodontitis is more prevalent and severe among patients with DM2 than among healthy controls. 5-7 Thus, DM2 may initiate or deteriorate periodontitis. However, the reverse could also be true, i.e. periodontitis may initiate or deteriorate DM2. The strongest support for this comes from studies showing that treatment of periodontitis improves glycaemic control in DM2 patients. 8-13 Thus, there is an association between DM2 and periodontitis that appears to be bilateral causal in nature (i.e. one causes or deteriorates the other and vice-versa).

The strength of associations between periodontitis and DM2 appears to differ geographically. Studies performed in different locations, i.e. performed among different ethnic groups, show different associations between periodontitis and DM2. 5, 14-17 These differences in the strength of associations may, apart from differences in study design and data analysis, be based on genetic, dietary, cultural and other differences between ethnic groups. 18 Therefore, findings among one ethnic population cannot automatically be generalized to another ethnic population. 

South East Asia hosts approximately 10% of the world’s current population. With 240 million inhabitants, Indonesia is the 4th most populous country in the world. The prevalence of DM in South East Asia is 5.3%. 19 In Indonesia, the prevalence of DM in 2008 was 5.7%, 20 putting Indonesia in the top ten of countries with the highest number of DM patients in the world. By the year 2030, the estimated number of patients with DM in Indonesia will be over 20 million (approximately 10% of the population). 2 With this high and rising prevalence of DM2 in Indonesia, periodontitis prevalence and severity may also rise. To the best of our knowledge, only three studies report on the association between periodontitis and DM2 in South East Asia; one in Thailand, 21 one is Singapore, 22 and one in Indonesia. 23 Unfortunately, in the latter study, the way in which periodontitis was measured and defined remains unclear. Neither did this study make a distinction between DM type 1 and DM type 2 patients, leaving many questions unanswered. 

Another question that remains unanswered is the influence of using a particular method to operationalize periodontitis on the strength of an association between periodontitis and DM2. The use of different methods to operationalize periodontitis prevalence and severity may influence not only the strength of the associations between a given disease and periodontitis, but may even influence whether an association is observed at all. For example, in research linking periodontitis to preterm low birth weight, 13 different methods have been used to operationalize periodontitis. Depending on the method used, either an association 24, 25 or no association 26 between periodontitis and preterm low birth weight was observed. The same may be true for periodontitis and DM2. 

Therefore, this study assessed prevalence and severity of periodontitis among DM2 patients in Indonesia, using multiple, commonly used methods to operationalize both periodontitis prevalence and severity. 

Subjects and methods

DM2 patients were recruited at three different sites, namely 1) Internal Medicine Dept. of the Dr. Sardjito Hospital, 2) Prof. Soedomo Dental Hospital, Faculty of Dentistry, Gadjah Mada University and 3) Diabetes Center of Jogjakarta International Hospital, Indonesia. DM2 patients were diagnosed according to World Health Organization criteria: fasting blood glucose level >126 mg/dl and/or a postprandial blood glucose level >200 mg/dl. 27 Healthy controls were recruited in Prof. Soedomo Dental Hospital. Inclusion criteria for all subjects in this study were an age 18 years or over, and having >8 remaining teeth. This study was approved by the Ethical Committee for Research of the Medical Faculty of Gadjah Mada University, Yogjakarta, Indonesia and was conducted from July 2008 until February 2009. 

To assess whether periodontitis prevalence and severity differed between DM2 patients and healthy controls, 78 DM2 patients and 76 healthy controls, who gave informed consent, underwent a full mouth periodontal examination. Full mouth periodontal probing pocket depth (PPD), gingival recession, plaque score and bleeding on probing (BOP) measurements were performed on all teeth, on six sites per tooth. All permanent fully erupted teeth were examined with a manual periodontal colour coded standard probe (Dentsply, London, UK). Measurements were made in millimetres and were rounded to the nearest whole millimetre. CAL was defined as the distance from the cemento enamel junction (CEJ) to the bottom of the pocket/sulcus, and calculated as the mathematical sum of the PPD and gingival recession measurements 28. BOP was recorded as either present or absent within 30 seconds after probing at 6 sites per tooth. The number of missing teeth was also recorded. Plaque score was defined as being present or absent at 6 points on each tooth. 29 

Periodontitis prevalence, extent and severity were operationalized using a variety of methods, all of which are currently used in literature studying the association between periodontitis and other diseases. All methods used to operationalize periodontitis prevalence and severity were calculated using conventional clinical measurements obtained during the full mouth periodontal examination. Periodontitis prevalence was operationalized by using two diagnostic threshold values; 1) having one site with PPD >4 mm and CAL >3 mm, 26 and 2) having one site with PPD >5 mm and CAL >2 mm. 30 The following methods to operationalize periodontitis extent and severity were calculated using a freely accessible online spreadsheet (www.parsprototo.info, Microsoft Excel 2003 spreadsheet for Windows). The number of sites with PPD >4, >5 and >6 mm, the numbers of sites with CAL >3, >4, >5 and >6 mm, mean PPD, mean CAL and the percentage of sites with BOP. 26 

Additionally, two recently introduced measures of periodontitis severity, the Periodontal Epithelial Surface Area (PESA) and the Periodontal Inflamed Surface Area (PISA) 31 were both calculated using another freely downloadable spreadsheet (www.parsprototo.info). PESA reflects the surface area of all pocket epithelium in square millimetres, whereas PISA reflects the surface area of bleeding pocket epithelium in square millimetres. PESA and PISA are calculated using conventional CAL, gingival recession and BOP measurements. PISA quantifies the amount of inflamed periodontal tissue and it is suggested that PISA terby quantifies the inflammatory burden posed by periodontitis. 
Furthermore, all participants completed a validated general health assessment questionnaire, 32-34 to check for other medical conditions that might be a risk factor for periodontitis. The original questionnaire was translated from English into Indonesian, a reverse translation to English was made to check for potential differences. No substantial differences were found. Additionally, ethnicity35, Body Mass Index (BMI)36, dental plaque, age, gender, smoking (pack years), and Socio Economic Status (SES, operationalized using level of education) were recorded for each participant, since these are potential determinants of periodontitis. 37 

To assure that healthy controls were not undiagnosed diabetes patients, all participants underwent venepuncture to obtain a blood sample. Blood glucose and glycosilated (glycated) haemoglobin (HbA1c) were determined for both DM2 patient and healthy controls. Controls with a blood HbA1c level of ≥6.5% were excluded from the analysis, to exclude latent DM2 status.

Statistical analysis


Differences in periodontitis prevalence, extent and severity between DM2 and healthy subjects were analyzed first using univariate analyses (i.e. the independent sample t-test or Chi-square test as appropriate). Likewise, differences in potential predictors of periodontitis (namely: age, gender, BMI, SES, smoking, plaque score, number of teeth, ethnicity and other medical conditions) between DM2 patients and healthy controls were tested for significance using univariate analyses. In case both periodontitis prevalence, extent and severity and any of the potential predictors of periodontitis differed significantly between DM2 patients and healthy controls, the predictors of periodontitis other than DM2 might act as confounders or effect modifiers.

Since periodontitis severity was operationalized as several interval variables (i.e. PISA, or number of sites with PPD >4mm), linear regression analyses (method: backward stepwise) were performed to predict periodontitis extent and severity on the basis of DM2 presence and the other potential predictors (age, gender, BMI, SES, smoking, plaque score, number of teeth, ethnicity and other medical conditions). To facilitate clinical interpretation of presented analyses, age was centered to it’s mean (age -53.86). Since periodontitis prevalence was operationalized as two dichotomous variables, logistic regression analyses were performed in a similar way. Odds ratios and 95% confidence intervals were calculated using these logistic regression analyses. Interaction between different predictors of periodontitis was explored. Statistics were calculated using SPSS 16.0.  
Results

Of the original 76 healthy controls, 11 subjects were excluded because of HbA1c levels >6.5%, leaving 65 “true” healthy controls and 78 DM2 patients (table 1). The prevalence of periodontitis in DM2 subjects was significantly higher than healthy controls, regardless of the definition used (table 2). The extend and severity of periodontitis was also significantly higher in participants with DM2 when compared to controls, again independent of the method used to operationalize periodontitis severity (table 3). 

Age and hypertension were the only potential predictors of periodontitis prevalence and severity that differed significantly between DM2 and healthy subjects in the univariate analysis (table 1). In the multiple linear regression analyses, controlling for age and hypertension as potential confounders, DM2 remained a significant predictor of all measures of periodontitis severity (table 4). Age was an additional predictor of periodontitis severity, together with DM2, whenever periodontitis severity was operationalized using CAL. Age did not modify the effect of DM2 on periodontitis severity. Hypertension was not a predictor of periodontitis prevalence or severity.

Discussion

This study revealed that Indonesian DM2 subjects had significantly increased prevalence, extent and severity of periodontitis compared to healthy Indonesian subjects. Moreover, the increased prevalence, extent and severity of periodontitis among Indonesian DM2 subjects were independent of the methods used to operationalize periodontitis. Furthermore, the increased prevalence, extent and severity of periodontitis appeared independent of confounding factors (i.e.: age, gender, smoking, BMI, ethnicity, SES and other medical conditions). 

Age was an additional predictor of all methods that used CAL to operationalize periodontitis severity. This could have been expected since CAL reflects the accumulation of damage sustained by the periodontium over time. In other words, with increasing age, CAL increases. Nevertheless, DM2 remained a significant predictor of every method used to operationalize periodontitis prevalence and severity. 

Prior to the study we did not perform a formal sample size calculation although this study is the second on periodontitis and DM2 in Indonesia. From the first study on this topic it is not clear how periodontitis was measured and defined.23 Also no distinction was made between DM type 1 and DM2 patients in that study. In a post-hoc power analysis it appeared that we had a power of .92 to find a difference in prevalence of periodontitis of 21%, between controls (n=65, prevalence=71%) and DM2 patients (n=78, prevalence=91%). A sample of 50 DM2 patients and 50 controls would have been enough to detect this difference (Power: 0.80). 

A limitation of this study is that we did not use a population based sampling scheme to select DM2 patients. However, Indonesian DM2 patients regularly visit hospitals to make use of the lab facilities. Thus, selection of DM2 patients at two hospitals does not mean a subset of patients with more severe DM2 patients was selected. Rather, these DM2 patients may be thought to represent a sample of diagnosed and treated Indonesian DM2 patients. However, ‘true’ DM2 associated increased periodontitis risk may be underestimated, since a substantial portion of DM2 patients often goes undiagnosed. Likely, these patients have worse blood sugar control and consequently worse periodontal status. On the other hand, the DM2 patients that were recruited from a dental hospital may have visited this hospital for periodontitis, overestimating DM2 associated periodontitis prevalence in this subgroup. Likewise, since controls were all selected from the same dental hospital, the prevalence of periodontitis in controls may also have been overestimated. Since the prevalence in both groups might be overestimated, the overall effect on calculated DM2 associated periodontitis risk may have been small. Finally, selection of healthy controls at a dental hospital may not be representative of the general Indonesian population without DM2. Thus, although some threats to the generalizability of our results remain, the increased DM2 associated periodontitis risk does appear to have sufficient generalizability and might sooner have been underestimated rather than overestimated.  

The finding that DM2 subjects have an increased prevalence and severity of periodontitis is in line with other studies. 30, 38, 39 A major achievement of current study is that a large variety of methods to operationalize periodontitis prevalence and severity has been applied, and that the conclusions that could be drawn from the results were irrespective of the measures used. This indicates that this association is robust. As the prevalence of DM2 in Indonesia, and South East Asia, is already high and is predicted to rise further, the prevalence and severity of periodontitis may also rise. Due the vast number of people living in Indonesia, and South East Asia, and the proposed bilateral association between DM2 and periodontitis, this will increasingly pose serious problems to public health. 

Two main mechanisms are thought to underlie the proposed bilateral association between DM2 and periodontitis. One underlying mechanism is that DM2 may alter local immune responses within periodontal tissue. DM2 may result in small vessel damage within the periodontium, resulting in poor nutrient delivery, decreased oxygen diffusion and decreased elimination of metabolic waste products. 40 Furthermore, hyperglycaemia alters collagen metabolism which predisposes to impaired wound healing. In general, hyperglycemia results in the formation of proteins known as Advanced Glycation End products (AGEs). AGEs may be associated with a state of enhanced oxidative stress, thereby accelerating tissue injury. AGEs also function as a chemotactic for monocytes, thereby magnifying the inflammatory response, delaying wound healing and tissue repair and inducing connective-tissue damage and bone resorption. Finally, hyperglycaemia and the imbalance in lipid metabolism impair neutrophil and monocyte functioning. 41, 42-44 All of these factors may contribute to DM2 predisposing to periodontitis. 

The second underlying mechanism of the association between DM2 and periodontitis is that periodontitis may play a role in initiating, or exacerbating DM2. 7, 43, 45 Periodontitis poses an inflammatory burden consisting of increased serum levels of inflammatory mediators, like C-reactive protein and Interleukin-6. 46 This inflammatory burden in turn leads to deteriorating blood glucose control in DM2 patients. 43 The higher the amount of inflamed periodontal tissue, the higher the inflammatory burden, and the poorer blood glucose control in DM2 patients may be thought to be. 

PISA quantifies the amount of inflamed periodontal tissue (representing it as the surface area of inflamed periodontal epithelium in mm2), and it is suggested that PISA thereby quantifies the inflammatory burden posed by periodontitis. 31 It was shown that there is indeed a dose-relationship between PISA and HbA1c in DM2 patients in the Dutch Caribbean. 47 Likewise, the present study finding of a significantly higher PISA among DM2 subjects, may mean that periodontitis is a risk factor for poor glucose control. Treating periodontitis might improve blood glucose control, 8-13 and prevention and treatment of periodontitis in DM2 patients might contribute to better general health in DM2 patients. 48, 49 
In conclusion, this study shows that periodontitis prevalence is significantly higher in a group of Indonesian DM2 patients compared to a group of healthy Indonesians. Furthermore, Indonesian DM2 subjects have more extended and more severe periodontitis than healthy Indonesian subjects. Given the already high and increasing prevalence of DM2 in Indonesia, DM2 patients should be screened for periodontitis and oral (preventive) health care should become part of the regular care provided to Indonesian DM2 patients. Given the proposed bilateral association between DM2 and periodontitis, such care may contribute to better oral and overall health.
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Table 1. Characteristics of healthy subjects and DM2 and potential determinants of periodontitis severity 

	Patient Characteristics
	Controls (n=65)
	DM2 (n=78)
	Difference (95%CI)
	p value

	Age:

mean (SD) yr 
	50.5(10.6) 
	56.7(9.4)
	6.2 (2.8 to 9.5) 
	<0.001‡

	Gender: n (%)
	
	
	
	0.180*

	Man
	22(34%)
	35(45%)
	
	

	Woman
	43(66%)
	43(55%)
	
	

	Smoking: n (%)
	10(15%)
	14(18%)
	
	0.683*

	Java origin: n (%)
	60(92%)
	73(94%)
	
	0.765*

	Education: n (%)
	
	
	
	0.762*

	Low
	17(26%)
	18(23%)
	
	

	Middle
	26(40%)
	29(37%)
	
	

	High
	22(34%)
	31(40%)
	
	

	BMI (SD) (kg/m2)
	24.6(3.9)
	25.1(3.8)
	 
	0.460

	Number of tooth (SD) (n)
	24.5(5.5)
	22.9(6.1)
	
	0.112

	Plaque score (SD) (%)
	92.5(9.2)
	90.8(7.6)
	
	0.211

	Medical conditions: n (%)†
1. Hypertension 
	12 (18%)
	26 (33%)
	15% (0.3% to 29%)
	<0.05*‡

	2. Gastritis
	4 (6%)
	10 (13%)
	
	0.182*

	3. Anemia
	2 (3%)
	0 (0%)
	
	0.119*

	4. Angina Pectoris
	0 (0%)
	3 (4%)
	
	0.110*

	
	
	
	
	


*Results of Chi-square test, other results are the results of the independent samples t test, 

†Only diseases with a prevalence of at least 1% (i.e. 2 patients) were analyzed 

‡statistically significant difference (p < 0.05) between DM2 and controls

95%CI: 95% Confidence Interval

BMI: Body Mass Index

DM2: Diabetes Mellitus type 2

Education: (low: elementary & junior school, middle: high school, high: university) HbA1c: Glycosilated/Glycated Hemoglobin

n: number of participants

SD: Standard Deviation

yr: year

Table 2.  Differences in periodontitis prevalence between healthy subjects and DM2.

	Periodontitis prevalence 
	Controls n=65
	DM2 

n=78
	Difference (95%CI)
	OR (95%CI)
	p value†

	PPD4&CAL3 (yes) 
	46(71%)
	72(92%)
	21%(9% to 32%)
	5.0 (1.8 to 13.3)
	0.001*

	PPD5&CAL2 (yes) 
	20(31%)
	57(73%)
	42%(26% to 55%)
	6.1 (2.9 to 12.6)
	<0.001*


* Result of Chi-square test

†statistically significant difference (p < 0.05) between DM2 and controls

OR: Odds Ratio’s were calculated using binary logistic regression analyses controlling for confounders

95%CI: 95% Confidence Interval

DM2: Diabetes Mellitus type 2 

PPD: Probing Pocket Depth

CAL: Clinical Attachment Loss

PPD4&CAL3: participants with one site exhibiting both PPD 4 mm & CAL 3 mm, 

PPD5&CAL2: participants with one site exhibiting both PPD 5 mm & CAL 2 mm 

 Table 3.  Differences in periodontitis severity between DM2 and healthy subjects
	Periodontitis severity 
	Controls (n=65)

Mean (SD)
	DM2 (n=78)

Mean (SD)
	Difference (95%CI)
	p value*

	PESA (mm2)
	863.0(259.4) mm2
	1190.5(1161.5) mm2
	327.5(58.3 to 596.6) mm2
	0.018

	PISA (mm2)


	154.1(192.1) mm2
	429.4(964.9) mm2
	275.3(52.9 to 497.6) mm2
	0.016

	Number of sites with:
	
	
	
	

	 CAL > 3 mm
	35.8(23.1) sites
	63.5(29.9) sites
	27.6(18.8 to 36.4) sites
	<0.001

	 CAL > 4 mm
	12.3(15.1) sites
	37.1(27.2) sites
	24.8(17.7 to 31.9) sites
	<0.001

	 CAL > 5 mm
	5.9(10.2) sites
	22.9(21.4) sites
	16.9(11.5 to 22.4) sites
	<0.001

	 CAL > 6 mm
	3.1(7.3) sites
	13.7(16.2) sites
	10.6(6.6 to 14.7) sites
	<0.001

	 PPD > 4 mm
	4.5(7.9) sites
	16.6(21.2) sites
	12.1(6.9 to 17.3) sites
	<0.001

	 PPD > 5 mm
	1.4(3.7) sites
	7.7(12.5) sites
	6.3 (3.4 to 9.2) sites
	<0.001

	 PPD > 6 mm


	0.8(2.3) sites
	4.5(9.3) sites
	3.7(1.5 to 5.9) sites
	0.001

	 BOP (%)


	14.2(13.3) %
	24.9(16.1) %
	10.7(5.8 to 15.5) %
	<0.001

	CAL mean (mm)
	2.2(0.9) mm
	3.1(1.3) mm
	0.9(0.5 to 1.3) mm
	<0.001

	PPD mean (mm)
	1.8(0.4) mm
	2.2(0.6) mm
	0.4(0.2 to 0.5) mm


	<0.001


*statistically significant difference (p < 0.05) between DM2 and controls

95%CI: 95% Confidence Interval

BOP: Bleeding On Probing

CAL: Clinical Attachment Loss

DM2: Diabetes Mellitus type 2

PESA: Periodontal Epithelial Surface Area 

PISA: Periodontal Inflamed Surface Area 

PPD: Probing Pocket Depth

SD: Standard Deviation

Table 4. DM2 and age as statistical predictors of periodontitis extent and severity:

Results of multiple linear regression analyses with periodontitis operationalized according to commonly used definitions  

	Dependent variable

Model predictors
	β Unstandardized
	β Standardized
	p-value of β (†)
	R2
	95% CI of β

	PESA
	
	
	
	0.03
	

	DM2 
	327.49
	0.18
	<0.05
	
	36.65 to 618.33

	Constant 
	863.04
	
	<0.001
	
	648.25 to 1077.84

	
	
	
	
	
	

	PISA
	
	
	
	0.04
	

	DM2 
	275.29
	0.19
	<0.05
	
	34.69 to 515.89

	Constant
	154.06
	
	0.089
	
	-23.63 to 331.76

	
	
	
	
	
	

	BOP%
	
	
	
	0.11
	

	DM2 
	10.65
	0.34
	<0.001
	
	5.71 to 15.60

	Constant 
	14.23
	
	<0.001
	
	10.58 to 17.89

	
	
	
	
	
	

	*PPD > 4 mm
	
	
	
	0.12
	

	DM2 
	12.10
	0.34
	<0.001
	
	6.60 to 17.60

	Constant 
	4.92
	
	<0.05
	
	0.43 to 8.56

	
	
	
	
	
	

	*PPD > 5 mm
	
	
	
	0.10
	

	DM2 
	6.30
	0.31
	<0.001
	
	3.13 to 9.47

	Constant
	1.35
	
	0.254
	
	-0.98 to 3.69

	
	
	
	
	
	

	*PPD > 6 mm
	
	
	
	0.07
	

	DM2  
	3.70
	0.26
	0.002
	
	1.36 to 6.03

	Constant
	0.75
	
	0.388
	
	-0.97 to 2.47

	
	
	
	
	
	

	PPD mean
	
	
	
	0.11
	

	DM2 
	0.37
	0.33
	<0.001
	
	0.19 to 0.54

	Constant 
	1.83
	
	<0.001
	
	1.70 to 1.96

	
	
	
	
	
	

	*CAL > 3 mm
	
	
	
	0.24
	

	DM2 
	24.25
	0.40
	<0.001
	
	14.99 to 33.49

	Age centered
	0.54
	0.19
	0.017
	
	0.10 to 0.98

	Constant
	37.7
	
	<0.001
	
	31.0 to 44.4

	
	
	
	
	
	

	*CAL > 4mm

DM2 
	20.85
	0.41
	<0.001
	0.29


	13.31 to 28.40

	Age centered 
	0.64
	0.26
	0.001
	
	0.28 to 1.00 

	Constant
	14.5
	
	<0.001
	
	9.0 to 19.9

	
	
	
	
	
	

	*CAL > 5 mm
	
	
	
	0.25
	

	DM2 
	14.12


	0.37


	<0.001
	
	8.31 to 19.94 



	Age centered 
	0.46


	0.25


	0.002
	
	0.18 to 0.74 



	Constant
	7.5
	
	0.001
	
	3.26 to 11.68

	
	
	
	
	
	

	*CAL > 6 mm
	
	
	
	0.19
	

	DM2 
	8.82
	0.32
	<0.001
	
	4.42 to 13.22

	Age centered 
	0.29
	0.22
	0.008
	
	0.08 to 0.50

	Constant
	4.03
	
	0.013
	
	0.85 to 7.22

	
	
	
	
	
	

	*CAL mean
	
	
	
	0.21
	

	DM2 
	0.71
	0.29
	<0.001
	
	0.33 to 1.09

	Age centered 
	0.03
	0.27
	0.001
	
	0.01 to 0.05

	Constant
	2.27
	
	<0.001
	
	2.00 to 2.54


*  = Number of sites with

† a p-value of ≤0.05 was considered statistically significant

 p = probability,  β: unstandardized coefficient

95%CI: 95% Confidence Interval

Independent variables: 

Age centered = Age- Mean age

Constant and 

DM2: Diabetes Mellitus type 2 

Dependent variables (periodontitis severity measures) are underlined: 

BOP: Bleeding On Probing 

Number of sites with CAL: Clinical Attachment Loss >3, >4, >5 & >6 mm

CAL mean

PESA: Periodontal Epithelial Surface Area

PISA: Periodontal Inflamed Surface Area

Number of sites with PPD: Probing Pocket Depth >4, >5 & >6 mm

PPD mean

Chapter 5

Periodontal inflamed surface area as a predictor of HbA1c: 

 a study in Indonesia

Abstract

Background: Periodontitis may pose an infectious and inflammatory burden, evidenced by increased c-reactive protein (CRP). This burden may impair blood glucose regulation. 
Aim: To assess whether periodontitis severity and CRP predict HbA1c levels in a group of healthy Indonesians and a group of Indonesians treated for type 2 diabetes mellitus (DM2), while controlling for confounders.

Methods: A full mouth periodontal examination including probing pocket depth, gingival recession, plaque index and bleeding on probing was performed in 132 healthy Indonesians and 101 Indonesians treated for DM2. In addition, HbA1c and CRP were assessed. A validated questionnaire was used to assess smoking, body mass index (BMI), education and medical conditions. In regression analyses, it was assessed whether periodontitis severity and CRP predict HbA1c, controlling for confounding and effect modification.

Results: In healthy Indonesians, the periodontal inflamed surface area (PISA) predicts HbA1c together with CRP, age, sex and smoking. In Indonesians treated for DM2, PISA did not predict HbA1c.
Conclusion: Periodontitis may impair blood glucose regulation in healthy Indonesians in conjunction with elevated CRP levels. The potential effect of periodontitis on glucose control in DM2 patients may be masked by DM2 treatment. 

Introduction

The periodontal inflamed surface area (PISA) quantifies the amount of inflamed periodontal tissue and is supposed to quantify the inflammatory and infectious burden posed by periodontitis 1. Periodontitis may pose an inflammatory burden through the production of local inflammatory mediators entering the circulation. This inflammatory burden is evidenced by increased serum c-reactive protein (CRP) levels associated with periodontitis 2-7. 

Periodontitis may also pose an infectious burden through bacteria and their products which enter the systemic circulation. This burden may endanger overall health by for example causing atherosclerosis 8 and cardiovascular diseases 9. Circulating oral bacteria and lipopolysacharides are also able to stimulate hepatocytes to secrete CRP 10-12. Thus, high levels of CRP associated with periodontitis may be considered as a common pathway for both the inflammatory and infectious burden posed by periodontitis.

The high levels of CRP accompanying periodontitis, may lead to insulin resistance and thereby to poor control of blood glucose in type 2 diabetes mellitus (DM2) and healthy subjects 13-16 resulting in increased levels of glycated haemoglobin (HbA1c)17, 18 . Accordingly, high levels of CRP are correlated with increased HbA1c levels in DM2 patients 19, 20. Furthermore, increased CRP levels have been associated with an increased risk of cardiovascular disease (CVD) in DM2 patients, the major cause of the increased mortality in DM2 patients 21, 22. 

Given the importance of blood glucose control in preventing CVD in DM2 patients, relatively few studies assessed whether periodontitis and CRP are predictors of HbA1c levels 23, 24. Furthermore, no study has investigated this issue in Indonesia. While in Indonesia, the prevalence of DM in 2005 was 5.7%25, putting Indonesia in the top ten of countries with the highest prevalence of DM in the world. It has been estimated that by the year 2030, the prevalence of DM in Indonesia will be about 10%, corresponding with 20 million DM patients 26. In addition, a high periodontitis prevalence in Indonesia has been reported 27. Finally, depending on the definition used, our previous study shown that Indonesian DM2 patients have a prevalence of periodontitis of 72 to 93% and an increased severity of periodontitis. Therefore, the aim of this study was to assess whether periodontitis severity and CRP predict HbA1c levels in healthy Indonesians and Indonesian DM2 patients.

Material and methods

The participants in this study were recruited from three different sites, namely 1) The Internal Medicine Department Dr. Sardjito Hospital, Yogyakarta 2) Prof. Soedomo Dental Hospital, Faculty of Dentistry, Gadjah Mada University, Yogyakarta and 3) Diabetes Center of Jogjakarta International Hospital, Yogyakarta Indonesia. All participants aged > 18 years and had > 8 remaining teeth. This study was approved by the Ethical Committee for Research of the Medical Faculty of Gadjah Mada University, Yogyakarta, Indonesia.


All participants completed a validated general health assessment questionnaire 28, 29 to check for other medical conditions that might be a risk factor for periodontitis. Information on age, gender, height and weight (for body mass index (BMI) calculation), education and smoking were obtained from each participant. 

All participants underwent a periodontal examination including periodontal probing pocket depth (PPD), gingival recession, plaque score and bleeding on probing (BOP) measurements. All measurements were performed on all teeth, on six sites per tooth using a manual periodontal colour coded standard probe (Dentsply, London, UK). Clinical attachment loss (CAL) was defined as the distance from the cemento enamel junction (CEJ) to the bottom of the pocket/sulcus, and calculated as the mathematical sum of the PPD and gingival recession measurements 30. Measurements were made in millimetres and were rounded of to the nearest millimetre. BOP was recorded as either present or absent within 30 seconds of probing at 6 sites per tooth. Plaque score was defined as being present or absent at 6 points on each tooth 31. The number of missing teeth was also recorded.  

Periodontitis extent and severity were operationalized using a variety of methods, all of which are currently used in literature studying the association between periodontitis and other diseases. All measurements were calculated using conventional clinical measurements obtained during the full mouth periodontal examination. The number of sites with probing pocket depth (PPD) >4, >5 and >6 mm, the numbers of sites with clinical attachment loss (CAL) >3, >4, >5 and >6 mm, mean PPD, mean CAL 32 and the percentage of sites with BOP were calculated using a freely accessible online Microsoft XL spreadsheet.  Additionally, two recently introduced measures of periodontitis severity, the periodontal epithelial surface area (PESA) and the periodontal inflamed surface area (PISA) 1 were calculated, again using a freely downloadable spreadsheet (www.parsprototo.info; Microsoft Excel 2003 spreadsheet for Windows). PESA reflects the surface area of all pocket epithelium in square millimetres, whereas PISA reflects the surface area of bleeding pocket epithelium in square millimetres. PESA and PISA are calculated using conventional CAL, gingival recession and BOP measurements. PISA quantifies the amount of inflamed periodontal tissue, and it is suggested that PISA thereby quantifies the inflammatory burden posed by periodontitis 1. 

Finally, all participants underwent a venapuncture to obtain a blood sample. Both blood glucose, determined by glucose oxidase enzymatic method, and glycosilated/glycated hemoglobin (HbA1c) values, determined using low pressure cation ion exchange chromatography (DIASTAT™, Bio-Rad, USA), were determined for all participants. Additionally, CRP, determined by chemiluminescent immunometris assay (Immulite 2000™, Diagnostic Products Corp., Los Angeles, CA, USA), were determined for all participants. 

Statistical analysis

Differences in periodontitis severity between DM2 and healthy subjects were analyzed first using univariate analyses (independent sample t-test, Mann-Whitney U-test or Chi-square test as appropriate). Pearson’s partial correlation analyses were also performed to correlate periodontitis severity and with CRP and HbA1c. Likewise, differences in potential predictors of periodontitis (age, gender, body mass index (BMI), education, smoking, plaque score, number of teeth, ethnicity and other medical conditions) between DM2 patients and healthy subjects were tested for significance using univariate analyses. Since periodontitis severity was operationalized in 12 different ways, significance level α of 0.05 was corrected for multiple comparisons according to the Bonferroni-Holm method. 

To assess periodontitis and CRP as potential predictors of HbA1c in subjects with and without DM2, a multiple linear regression analysis was performed, using a backward stepwise method.De HbA1c was hierin de afhankelijke, te voorspellen, variabele. HbA1c was the dependent. Als onafhankelijke variabelen, voorspellers van HbA1c, werden leeftijd, geslacht, BMI, packyears, SES, ESR, CRP en parodontitis ernst in het model ingevoerd.As independent variables, i.e. predictors of HbA1c: age, sex, BMI, pack years, education, CRP and all measures of periodontitis severity, the latter one by one, were introduced in the model. Dit werd achtereenvolgens gedaan voor elk van de verschillende maten van parodontitis ernst.Statistics were calculated using SPSS 16.0.  
Results

Er werden 101 patiënten met diabetes mellitus geïncludeerd, 40 mannen en 61 vrouwen, met een gemiddelde leeftijd van 54,4 jaar (Tabel 1).A total of 101 participants, treated for DM2, diagnosed according to WHO criteria 33, were included; 40 men and 61 women, with a mean age of 54 years (Table 1). Het grootste deel van de deelnemers kwam uit Java (93,07%). Most of the participants were Javanese (93.0 %). Het BMI van deze groep was gemiddeld 25,5 en daarmee vallen ze net in de groep overgewicht. The mean BMI in this group was 25.5, labeling them as being overweight according to the World Health Organization classification (overweight; BMI 23-27.5) 34. De groep had gemiddeld 23,6 elementen in de mond met een gemiddelde plaquescore van 91,05% (Tabel 2). The DM2 patients had an average of 24 teeth with a mean plaque score of 91% (Table 2). Van alle personen is de HbA1c spiegel bepaald. Bij het grootste deel van de groep was  het HbA1c ≥6,5.Voor goed gereguleerde diabeten was het mogelijk om een HbA1c <6,5 te hebben. De gemiddelde HbA1c van de diabetes mellitus groep was 8,93%.The mean HbA1c in the DM2 group was 8.9%.  In addition, 132 healthy controls were enrolled, 34 men and 98 women, with a mean age of 48 years. Van deze groep was ook het grootste deel Javaans (90,15%) van oorsprong.Again, the healthy subjects were mainly of Javanese origin (90.2%) and were on average overweight (Met een gemiddelde BMI van 24,4 vallen ze (net) in de groep met een normaal gewicht.BMI: 24.4). The healthy subjects had an average ofGemiddeld had de groep 25,7 elementen in de mond staan en een plaquescore van 93,1%. 26 teeth and a mean plaque score of 93 %. Per definitie was het HbA1c <6,5%. By definition, the HbA1c was below 6.5%. De gemiddelde HbA1c spiegel van deze groep was 5,48%. The average HbA1c level of this group was 5.5%. 

The severity of periodontitis was significantly higher in participants with DM2 when compared to controls, again independent of the method used to operationalize periodontitis severity (table 2). All applied methods showed to be significantly higher with the exception of PESA, p was smaller than 0.05, however not significant after correcting the significance level using Benferroni-Holm (p=0.037; significance level p<0.025). 
After Pearson’s partial correlation analyses were carried out controlling for age, sex, smoking/pack year, SES/education, BMI, number of teeth, a significance positive correlation between PISA and CRP as well as between PESA and CRP was found in DM2. Only PISA had a significance positive correlation with HbA1c in controls. 
In de groep met diabeten was geen van de maten van parodontitis ernst een voorspeller van de HbA1c bij diabeten.In the DM2 patients, none of the measures of periodontitis severity predicted HbA1c. Uit de regressieanalyse blijkt wel dat SES (ß = -0,752, 95% CI = -1,345 – -0,158) de enige significante  voorspeller is voor de HbA1c, zij het met een lage r 2 = 6%.Only SES (β = -0.752, 95% CI = -1.345 to -0.158) was a predictor of HbA1c, (r2 of 6.0%). By contrast, iIn de controle groep blijkt uit de regressie analyse dat PISA (ß=0,0004, 95% CI= 0,000045-0,000763) een voorspeller is voor de HbA1c tezamen met  leeftijd, geslacht, roken en CRP, r 2 = 21,4% (Tabel 3).n healthy Indonesians, PISA (ß = 0.0004, 95% CI = 0.000045-0.000763) was a predictor of HbA1c together with age, sex, smoking and CRP, (r 2 = 21.4%) (Table 3). 

Discussie Discussion 

Uit deze studie blijkt dat PISA een voorspeller is van de HbA1c in een populatie van gezonde controle patiënten.This study showed that PISA is a predictor of HbA1c, in conjunction with CRP, age, sex and smoking, in healthy Indonesians.Naast PISA zijn voor gezonde controles ook leeftijd, geslacht, roken en CRP medevoorspellend voor de HbA1c spiegel.Dit kan komen doordat parodontitis de bloedsuikerspiegel verhoogd. Thus, periodontitis may play a role in inducing impaired blood glucose control. Indeed there is evidence that periodontitis may induce insulin resistance 18.Bij parodontitis komen er ontstekingsmediatoren zoals CRP vrij in de systemische circulatie. De theorie is dat deze “ontstekingslast” insuline resistentie zou induceren, die op zijn beurt leidt tot stijging van de HbA1c spiegel. Opvallend is dan ook dat PISA tezamen met CRP in een model voorspellend is voor de HbA1c. It is thought that periodontitis poses an inflammatory and infectious burden as evidenced by increased levels of CRP 3, 5, 6 which may increase HbA1c levels 19, 20, 35. Accordingly, PISA predicted HbA1c together with CRP. It is striking that out of the various methods to operationalize periodontitis severity, only the PISA emerged as a predictor of HbA1c.De andere methoden voor het vaststellen van de aanwezigheid, ernst en uitgebreidheid van parodontitis bleken niet significant bij te dragen aan een model dat HbA1c voorspelt. The other methods for determining the severity and extent of periodontitis did not contribute significantly to a model that predicts HbA1c. Het zou kunnen dat de PISA een voorspeller is omdat het ook de ontstekingslast weergeeft, in tegenstelling tot de andere gehanteerde methoden.It may be that the PISA is a predictor of HbA1c because it reflects the amount of inflamed periodontal tissue, thereby predicting both infectious and inflammatory burden more accurately than other methods used to operationalize periodontitis 1, 18. 

In Indonesian DM2 patients,  Het is opvallend dat er voor de diabeten geen maat van parodontitis als voorspeller is gevonden en voor de controle groep wel.II Ino measure for periodontitis severity predicted HbA1c.Dit verschil zou kunnen worden verklaard door verschillen tussen de beide groepen. The observed differences between DM2 patients and healthy Indonesians could be explained as follows.In het onderzoek hebben we medicijngebruik niet als voorspeller meegenomen.Het zou goed kunnen dat het medicijngebruik bij diabeten van invloed is op de resultaten. Immers, veel diabeten gebruiken medicatie die de bloedsuikerspiegel laag houden (bv insuline of metformine), medicijnen die de controle groep natuurlijk niet gebruikt. First, almost all DM2 patients used a combination of medication to control blood sugar, drugs that healthy Indonesians obviously did not take36. Use such medicationHierdoor zou een effect van parodontitis op de HbA1c spiegel bij DM2 patiënten gemaskeerd kunnen worden.Use oU may mask an effect of periodontitis on the HbA1c level in DM2 patients. Second,Ook zou het kunnen dat de diabeten er een bepaald dieet op nahouden om hun bloedsuikerspiegel laag te houden. DM2 patients may have dietary restrictions, e.g. avoiding sugar rich foods. Such a diet may impact blood sugar and may mask an affect of periodontitis on HbA1c level. 

In 2009 hebben Nesse et.Previously, a dose response relationship was observed between PISA and HbA1c in DM2 patients from Curacao 18. This finding appears to be in sharp contrast with the findings in this study, i.e. PISA is not a predictor of HbA1c in a group of Indonesian DM2 patients. Het verschil tussen deze twee onderzoeken zou kunnen worden verklaard door verschillen tussen de onderzochte patiënten populaties.The difference between these two studies could be explained by differences between the studied DM2 populations. First, many of the Indonesian DM2 patients used insulin, while none of the African-American DM2 patients used insulin. As insulin is a potent blood glucose regulator, normally reserved for treatment of DM type-1, effects of PISA on HbA1c may have been masked in Indonesian DM2 patients. Second, the average BMI of DM2 patients from Curacao was 31, while the average BMI of Indonesian DM2 patients was substantially lower, namely 25.Wellicht is de BMI een effect modificator, maw een hoge BMI versterkt het mogelijke insuline resistentie inducerende effect van parodontitis. BMI may be an effect modifier, i.e. increased BMI may increase the potential insulin resistance inducing effect of periodontitis in DM2 patients 37, 38. ThirdDaarnaast is er het voor de hand liggende verschil in de etniciteit tussen de twee groepen.ThirdT, there is the obvious difference in ethnicity between the two groups, i.e. one from Indonesia of Javanese origin and the other from Curacao of African-American origin. Mogelijke verschillen in (gezondheidsbevorderend) gedrag, dieet en genen, die samen hangen met het verschil in etniciteit, zouden deze tegenstrijdige resultaten mogelijk kunnen verklaren.Possible differences in (health promoting) behavior, diet and genes, related to the differences in ethnicity, may be another explanation for these conflicting results 39, 40. 

Geconcludeerd kan worden dat PISA een voorspeller is van de HbA1c bij gezonde Indonesiërs.In conclusion, PISA was shown to be a predictor of HbA1c in healthy Indonesians in conjunction with CRP. This implies that periodontitis may contribute to insulin resistance through posing an inflammatory and infectious burden leading to DM2 establishment. However, once DM2 is established, the usage of insulin may be the most potent blood glucose (de)regulators, at least in an Indonesian population of patients with deregulated DM2 and relatively low BMI.
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Table 1. Characteristics of the participants.

	Variables
	Healthy controls (n=132) 
	DM2 (n=101) 
	p value

	
	
	
	

	Demography
	
	
	

	
	
	
	

	Age (yrs) mean (SD) 
	47.9 (10.13)
	54.4 (10.69)
	<0.001

	Smoking (pack year) median (IQR)†
	0.0 (0.00 to 0.00)
	0.00 (0.00 to 0.00)
	0.109

	BMI (kg/m2) mean (SD)
	24.4 (3.8)
	25.5(4.2)
	0.054

	Java origin n (%)*
	119 (90%)
	94 (93%)
	0.431

	Gender n (%)*
	
	
	<0.05

	Male
	34 (26%)
	40 (40%)
	

	Female
	98 (74%)
	60 (60%)
	

	Education n (%)* 
	2.13 (0.77)
	2.18 (0.79)
	0.662

	Low
	24 (23%)34 (33,66%)43 (42,57%)
	32 (24%) 51 (38,64%)49 (37,12%) 
	

	Middle
	34 (34%)
	51 (39%)
	

	High
	43 (43%)
	49 (37%)
	

	Hypertension (yes) n (%)*
	24 (18%)
	26 (26%)
	0.164

	
	
	
	

	Laboratory serum markers
	
	
	

	
	
	
	

	HbA1c (%) Mean (SD)
	5.5 (0.39) 
	8.9 (2.44)
	<0.001

	CRP (mg/l) Median (IQR)†
	1.1 (0.60 to 2.32)
	2.8(1.64 to 7.04)
	<0.001

	
	
	
	


*Result of Chi-square test; † result of Mann Whitney U-test, other results are the results of the independent samples t-test; p: level of significance; BMI: body mass index; CRP: c-reactive protein; DM2: diabetes mellitus type 2; ESR: erythrocyte sedimentation rate; HbA1c: glycated hemoglobin; IQR: inter quartile range; n: number of participants; SD: standard deviation; Education: low: elementary & junior school, middle: high school, high: university), yrs: year

	Variables
	Healthy controls (n=132) 
	DM2

(n=101)
	p value

	
	
	
	

	Periodontal prevalence: n (%)*
	
	
	

	PPD >4mm & CAL >3mm
	89 (67%)
	89 (88%)
	<0.001

	PPD >5mm & CAL >2mm
	43 (33%)
	67 (66%)
	<0.001

	
	
	
	

	Periodontal severity: median (IQR)†
	
	
	

	PESA (mm2)
	869.3 (709.93 to 1013.42)
	923.2 (725.65 to 1199.71)
	0.037

	PISA (mm2)
	83.9 (35.21 to 206.41)
	170.4 (91.55 to 392.59)
	<0.017

	CAL (mm)
	1.8 (1.68 to 2.26)
	2.4 (2.01 to 3.43)
	<0.001

	PPD (mm)
	1.7 (1.60 to 1.93)
	1.9 (1.72 to 2.35)
	<0.001

	Number of sites: median (IQR)†
	
	
	

	 CAL > 3 mm
	30.0 (17.00 to 47.00)
	54.0 (32.50 to 74.50)
	<0.001

	 CAL > 4 mm
	5.0 (1.00 to 15.75)
	25.0 (9.00 to 48.00)
	<0.001

	 CAL > 5 mm
	1.0 (0.00 to 4.75)
	13.0 (2.00 to 31.50)
	<0.001

	 CAL > 6 mm
	0.0 (00 to 1.00)
	4.0 (0.00 to 19.50)
	<0.001

	 PPD > 4 mm
	2.0 (0.00 to 4.00)
	6.0 (2.00 to 18.00)
	<0.001

	 PPD > 5 mm
	0.0 (0.00 to 1.00)
	2.0 (0.00 to 8.00)
	<0.001

	 PPD > 6 mm
	0.0 (0.00 to 0.00)
	1.0 (0.00 to 3.00)
	0.001

	 BOP (n %)
	9.0 (4.00 to 20.00)
	18.00 (10.00 to 31.50)
	<0.001

	
	
	
	

	Mean (SD)
	
	
	

	Plaquescore: gemiddelde (%) Plaque Score (%) 
	91,05% 93 % (8.52) 
	93,11% 91 % (7.89) 
	0.059

	Number of teeth
	25.7 (4.72)
	23.6 (6.24)
	0.005

	
	
	
	


 Table 2. Periodontal status of healthy controls and DM2. 

* Result of Chi-square test; † result of Mann Whitney U-test; other results are the results of the independent samples t-test; p: level of significance; BOP: bleeding on probing; CAL: clinical attachment loss; DM2: diabetes mellitus type 2; IQR: inter quartile range; n: number of participants; PESA: periodontal epithelial surface area; PISA: periodontal inflamed surface area; PPD: probing pocket depth; SD: standard deviation

Table 3.  The correlation between periodontitis severity, CRP and HbA1c (controlling for age, sex, smoking/packyear, SES/education, BMI, number of tooth) 

	Variable


	Heanlty controls (n=132)
	DM2 (n=101)

	
	CRP
	HbA1c
	CRP
	HbA1c

	PESA mm2

PISA mm2

PPD 4 mm

PPD 5 mm

PPD 6 mm

CAL 3 mm

CAL 4 mm

CAL 5 mm

CAL 6 mm

PPD mean

CAL mean

% BOP 


	-0.053

-0.022

-0.020

-0.026

-0.043

0.039

0.047

0.040

0.025

-0.059

-0.008

0.011
	0.050

0.182*

0.097

0.104

0.022

0.057

0.074

0.044

-0.009

0.015

-0.058

0.084
	0.219*

0.286†

-0.006

0.020

0.087

0.006

0.017

0.004

0.017

-0.017

0.027

0.004


	-0.038

-0.048

0.129

0.151

0.142

0.105

0.099

0.108

0.110

0.085

0.040

0.013


* (p<0.05) and † (p< 0.001) statistically significance of Pearson’s partial correlation; BOP: bleeding on probing; BMI: body mass index; CAL: clinical attachment loss; CRP: c-reactive protein; DM2: diabetes mellitus type 2; HbA1c: glycated hemoglobin n: number of participants; PESA: periodontal epithelial surface area; PISA: periodontal inflamed surface area; PPD: probing pocket depth

Table 4. Results of the multiple linear regression analysis healthy control group.

	Model predictors


	β
	p-value of β
	R2
	95% confidence interval of β

	Model A

PISA (mm2)*

Age (year)

Male/female (1/0)

Smoking(pack year)

CRP (mg/l)

Constant

Model B

PISA (mm2)xCRP (mg/l)*

Age (year)

Male/female (1/0)

Smoking(pack year)

Constant


	0.0004

0.0105

-0.1378

0.0086

0.0212

4.9591

0.0002

0.0105

-0.1578

0.0098

5.0359
	<0.05

0.001

0.08

0.07

0.06

<0.001

<0.05

0.001

<0.05

<0.05

<0.001


	0.214

0.207
	0.00004 to 0.00076

0.00431 to 0.01674

-0.29170 to 0.01595

-0.00074 to 0.01805

-0.00093 to 0.04343

4.62706 to 5.29121

0.00004 to 0.00026

0.00430 to 0.01664

-0.31116 to -0.00455

0.00062 to 0.01901

4.71554 to 5.35629




Other measures of periodontitis severity were not predictors of HbA1c; Dependent variable: HbA1c:glycated hemoglobin; Independent variables: PISA(Periodontal Inflammation Surface Area), age, sex, smoking/pack years, CRP : C-reactive protein; Constant. p = probability, a p-value of ≤0.05 was considered statistically significant; β: unstandardized coefficient.

Chapter 6
Dose-response relationship between Periodontal Inflamed Surface Area (PISA) and HbA1c in Type 2 Diabetics

Abstract
Background: A dose-response relationship between the amount of inflamed periodontal tissue and HbA1c-level, might be indicative for a causal association between periodontitis and type 2 diabetes. 

Aim: To assess a dose-response relationship between the Periodontal Inflamed Surface Area (PISA), as a measure of the amount of inflamed periodontal tissue, and HbA1c-levels in type 2 diabetics. 

Materials and methods: 40 consecutive dentate type 2 diabetics attending their general practitioner for regular check-up, underwent full mouth probing pocket depth and bleeding on probing assessment. From these data PISA was calculated. HbA1c-levels were retrieved from patients` medical files. The dose-response relationship between PISA and HbA1c-levels was assessed using multiple linear regression analyses, controlling for factors that might influence PISA or HbA1c-levels.

Results: The higher the PISA of type 2 diabetics was, the higher their HbA1c-levels were. On a group level, an increase of PISA with 333 mm2 was associated with a 1.0 percentage point increase of HbA1c, independent of the influence of other factors. 

Conclusion: On a group level, there is a dose-response relationship between PISA and HbA1c in type 2 diabetics. This might be an indication of a causal relationship between type 2 diabetes and periodontitis.

Introduction

It was estimated that 194 million people suffered from diabetes mellitus across the globe in 2003, equalling 5.1% of the world’s population. This is estimated to increase to 333 million, or 6.3% of the world’s population, in the year 2025 (International Diabetes Federation 2003). Type 2 diabetes mellitus is the most prevalent type of the disease, occurring in 90-95% of all diabetic patients (Taylor 2001). Type 2 diabetes mellitus is characterised by insulin resistance, insensitivity to the effects of insulin, which results in elevated levels of blood glucose. As a consequence of prolonged elevated blood glucose levels (poor glycemic control), blood vessels sustain damage resulting in complications commonly associated with diabetes, namely: atherosclerosis, myocardial infarction, retinopathy, nephropathy, neuropathy, delayed wound healing and an increased risk of infections (International Diabetes Federation 2003).

Inflammation has been postulated as an important factor initiating the onset of Diabetes mellitus type 2 (Pradhan et al. 2001; Hu et al. 2004). Furthermore, inflammation has been shown to exert a negative effect on glycemic control in diabetics (Schmidt et al. 1999; Pradhan et al. 2001; Pradhan & Ridker 2002). When inflammatory mediators as TNF-α, IL-6 and IL-1 enter the systemic circulation, they alter lipid and glucose metabolism (Iacopino & Cutler 2000), and induce insulin resistance (Feingold & Grunfeld 1992; Grunfeld et al. 1990; Pickup et al. 1997). Since periodontitis poses an inflammatory burden with, amongst others, TNF-α, IL-6 and IL-1 entering the systemic circulation (Grossi & Genco 1998; Engebretson et al. 2007), periodontitis may induce insulin resistance. In accordance, it has been shown that periodontitis has a negative effect on glycemic control (Taylor et al. 1996; Collin et al. 1998; Saito et al. 2004). Moreover, diabetics with severe periodontitis had more diabetic complications than diabetics with mild or no periodontitis (Finestone & Boorujy 1967; Thorstensson et al. 1996). Finally, treatment of periodontitis has been shown to improve glycemic control in type 2 diabetics (Grossi et al. 1997; Iwamoto et al. 2001; Stewart et al. 2001; Rodrigues et al. 2003; Kiran et al. 2005; Faria-Almeida et al. 2006; Navarro-Sanchez et al. 2007; O'Connell et al. 2008). 

While periodontitis may be a risk factor for development or deterioration of type 2 diabetes, type 2 diabetes may also be a risk factor for the development of periodontitis. Patients with type 2 diabetes suffer from periodontitis more often and more severely than non-diabetics (Emrich et al. 1991; Collin et al. 1998; Tsai et al. 2002; Campus et al. 2005; De Silva et al. 2006; Struch et al. 2008). Hence, there may be a bilateral causal relationship between periodontitis and type 2 diabetes, with one influencing the other and vice versa.

Establishing the potentially causal nature of the association between periodontitis and diabetes requires assessing dose-response relationships between the inflammatory burden posed by periodontitis and glycemic control. A problem that needs to be resolved is that, in contrast to glycemic control (commonly assessed by measuring the percentage of haemoglobin that is glycated, HbA1c-level), there is as yet no common way to assess the inflammatory burden posed by periodontitis. 

The inflammatory burden, consisting of bacteria and inflammatory mediators entering the systemic circulation, is thought to be related to the amount of inflamed periodontal tissue. The greater the amount of inflamed periodontal tissue is, the greater the amount (and the chance of) bacteria and inflammatory mediators entering the systemic circulation may be thought to be. Therefore, classifying periodontitis as a risk factor for other diseases should be done by a measure that quantifies the amount of inflamed periodontal tissue. Classifications of periodontitis that are currently used, take mean Probing Pocket Depth (PPD), mean Clinical Attachment Level (CAL) or a particular cut-off point for PPD or CAL as a means to classify or define periodontitis. Neither PPD nor CAL are appropriate to assess dose-response relationships between periodontitis and HbA1c, because PPD and CAL are linear measures that do not quantify the amount of inflamed periodontal tissue. Therefore, a new measure of periodontitis as a risk factor for other diseases was developed, the Periodontal Inflamed Surface Area (PISA) (Nesse et al. 2008).

PISA reflects the surface area of bleeding pocket epithelium in square millimetres. Since PISA quantifies the amount of inflamed periodontal tissue, it is assumed that PISA quantifies the inflammatory burden posed by periodontitis. The aim of this study was to assess a dose-response relationship between PISA and HbA1c-levels in type 2 diabetics. 

Patients and methods

Patients

This study was performed on Curacao, an island that is part of the Netherlands Antilles. During a three month period, from September 2006 until November 2006, dentate type 2 diabetics who came for regular check-ups to their general practitioner were asked to participate in this study. The following inclusion criteria were used:

1) Availability of at least 1 measurement of HbA1c-level in the past 3 months, 

2) Having at least 8 remaining teeth, 

3) Not having used antibiotics in the past 3 months, 

4) Not having received periodontal treatment in the past 6 months. 

Since no data regarding the association between PISA and HbA1c exists, no formal sample size calculation could be performed. Therefore a convenience sample was taken. During the inclusion period, a total of 40 diabetic patients met the inclusion criteria. All agreed to participate in this study. All participants signed an informed consent agreement.

All patients agreed to (1) disclose data in their medical file for research purposes, (2) complete a questionnaire (assessing socio-economic status (SES), length and weight, smoking and oral hygiene practises), and (3) undergo a full mouth probing pocket depth (PPD) assessment. From the medical files, data regarding HbA1c-levels, number of years since diagnosed with type 2 diabetes mellitus, and the usage of medication were retrieved. 

Methods

On the basis of education, income and profession, patients were categorised into low, middle and high SES. Length and weight were used to calculate Body Mass Index (BMI): weight in kilograms divided by the square of height in metres. Patients were categorised into 4 BMI classes according to WHO classifications; underweight (BMI ≤18.5 kg/m²), healthy weight (BMI 18.5- < 25 kg/m²), overweight (BMI 25 - < 30 kg/m²) and obesity (BMI ≥30 kg/m²) (WHO 1995; WHO 2000). 

 Full mouth PPD and bleeding on probing (BOP) data on six sites per tooth were obtained using a pocket probe (PCP106, Hu-Friedy®). Oral hygiene was assessed using Silness and Löe`s plaque-index (Loe 1967). All patients were investigated by one researcher (A.L.), then bachelor of dental surgery, who was trained during a special clinical course in periodontology. Data on PPD and BOP on six sites per tooth were entered in a spreadsheet to calculate the PISA for each patient (Nesse et al. 2008). This spreadsheet can be accessed via http://www.parsprototo.info/docs/PISA_CAL.xls and is free for use. PISA was calculated with this spreadsheet in four steps:

8. After filling in Probing Pocket Depth (PPD) measurements at six sites per tooth, the computer calculates the mean PPD for each particular tooth. 

9. The mean PPD around a particular tooth is entered into formula that translate this linear mean PPD into the Periodontal Epithelial Surface Area (PESA) for that specific tooth (Hujoel et al. 2001). The PESA for a particular tooth is the root surface area of that tooth (in mm2) that is covered with pocket epithelium.

10. The PESA may consist of un-inflamed pocket epithelium that does not pose an inflammatory burden. Therefore, the PESA for a particular tooth is subsequently multiplied by the proportion of sites around that tooth that was affected by Bleeding On Probing (BOP). If, for example, three out of the maximum of six sites were affected by BOP, the PESA of that particular tooth was multiplied by 3/6, thereby rendering the Periodontal Inflamed Surface Area (PISA) for that specific tooth. 

11. The sum of Periodontal Inflamed Surface Areas around each individual tooth is calculated, amounting to the total PISA within a patient’s mouth. 

Please read the discussion section of this paper and the article entitled “PISA, quantifying inflammatory burden” in an earlier version of this journal (Nesse et al. 2008) for a more detailed explanation of PISA and it’s calculation.

Statistical analysis

To analyse dose-response relationships between PISA and HbA1c-levels, multiple linear regression analyses were performed. The outcome variable was HbA1c and as potential predictors PISA, sex, oral hygiene (high versus low/middle), smoking (yes versus no), social economic status (SES; high/middle versus low), BMI and “the number of years since diagnosed with diabetes” were entered in the regression equation (method; stepwise backward). The significance of the contribution of the variables to the model was estimated and compared to the removal criterion (p = 0.1). When a potential predictor met the removal criterion, it was removed from the regression model. The model was then re-estimated for the remaining predictor variables, and the process was repeated until no further predictors met the removal criterion. The residuals of the last model were checked for normality. Residuals were standardized and analyzed. Statistics were calculated using SPSS 14.0.  
Results

Patients` characteristics are summed up in table 1. Our study population consisted of mainly female type 2 diabetics (83%). Only 4 (10%) out of the 40 included patients had a healthy weight, 90% rest was either overweight (n=11, 27%) or obese (n=25, 63%). HbA1c ranged from 4.9 to 14.2%, with 60% of the study population (n=24) having an HbA1c-level above the recommended 7.0%. The PISA ranged from 0 to 1087 mm2, median of 151 mm², with an inter quartile range of 39 to 307 mm². Only two patients smoked. 

In the multiple linear regression analysis it appeared that PISA (β=0.003, 95%CI =0.001 to 0.005) was the only predictor significantly associated with HbA1c-level r2=17.5%  (Table 2; model A). However, when plotting standardised residuals we found one extreme outlier (Fig. 1). For that case there was a large difference between the observed and predicted value of HbA1c. The outlier was deleted and the regression analysis was repeated (Table 2; model B), after which residuals were normally distributed.

The results indicate that on a group level, an increase in PISA of 1 mm2 is associated with a rise in HbA1c of 0.003% (Table 2, Fig. 1). This means that on a group level, an increase of PISA of 333 mm2 is associated with an increase in HbA1c of 1.0 percentage point.

Discussion

This study shows that a dose-response relationship exists between control of blood glucose levels over time (HbA1c) and the amount of inflamed periodontal tissue (PISA) in type 2 diabetics. Namely, on a group level, an increase in PISA of 333 mm2 is associated with an increase of HbA1c with 1.0 percent (Fig. 1, Table 2 Model A). Similarly a decrease in PISA of 333 mm2 is associated with a decrease of HbA1c with 1.0 percent. This dose-response relationship appeared to be independent of factors as sex, oral hygiene, SES, BMI, smoking and the number of years since diagnosed with type 2 diabetes mellitus, when all patients were included in the analysis. 

When the analysis was repeated without the outlier with the unusually high standard residual, the β for PISA was basically unchanged (Table 2, model B). However, SES and number of years since diagnosed with type 2 diabetes mellitus were added as predictors of HbA1c. The explained variance increased from 17.5% (model A) to 36.7% (model B).  Model B appeared to strengthen the notion of an association between PISA and HbA1c, since the lower bound of the 95% confidence interval went up from 0.001 (model A) to 0.002 (model B).

Although a decrease of Hb1Ac with 1.0 percentage point seems to be minor at a first glance, it should be noted that a decrease of HbA1c with 1.0 percentage point is associated with a 25% reduction of the risk of dying from cardiovascular diseases (Balady et al. 2007). Since treatment of periodontitis has been shown to improve glycemic control in type 2 diabetics (Grossi et al. 1997; Iwamoto et al. 2001; Stewart et al. 2001; Rodrigues et al. 2003; Kiran et al. 2005; Faria-Almeida et al. 2006; Navarro-Sanchez et al. 2007; O'Connell et al. 2008) the potential benefit of reducing the PISA, in case of a causal association between PISA and HbA1c, might be high. For example, 25% of our population has a PISA above 300 mm2. Reducing these patients` PISA might reduce HbA1c by up to 1 percentage point, thereby potentially reducing their risk of dying from cardiovascular diseases by up to 10% (Balady et al. 2007). However, since the effect of periodontal treatment on diabetic control and systemic inflammation are not proven beyond doubt, there is a need to perform large well designed randomized controlled clinical trials to establish the benefit of periodontal treatment to glycemic control in type 2 diabetics (Kinane & Bouchard 2008). These studies could simultaneously elucidate the potential causal nature of the association between periodontitis and glycemic control. 

Type 2 diabetics suffer from periodontitis more often and more severely than non-diabetics (Emrich et al. 1991; Collin et al. 1998; Tsai et al. 2002; Campus et al. 2005; De Silva et al. 2006; Struch et al. 2008). The dose-response relationship between PISA and HbA1c may also be explained in this light, i.e. type 2 diabetics with poor glycemic control (high HbA1c) might be more likely to develop severe periodontitis (high PISA). Whether periodontitis deteriorates glycemic control or diabetes causes periodontitis, measures that safeguard periodontal health may need to become part of regular care of patients with poorly controlled type 2 diabetes, if it is proven that HbA1c is indeed causally related to PISA. 

Recently it was posed that PISA predicts the probability of periodontitis to cause or deteriorate other diseases by quantifying the inflammatory burden posed by periodontitis (Nesse et al. 2008). This study revealed that PISA indeed appears to be a valuable tool to assess dose-response relationships between the amount of inflamed periodontal tissue and a well defined disease activity parameter as HbA1c. However, further studies are needed to confirm that PISA quantifies the inflammatory burden posed by periodontitis. This could be done by assessing dose-response relationships between PISA and blood levels of inflammatory mediators as TNF-α, IL-6 and IL-1. 

A limitation of this study is the relatively low sample size of 40 type 2 diabetics. Reservations should be held about generalising results from studies with a small sample size. Another limitation that could hinder generalisation of our results, is that all patients included in this study were of mixed black origin living in the Netherlands Antilles, 90% of the study population was either overweight or obese, and 83% was female. Ethnicity may be an effect modifier in the relationship between PISA and HbA1c, as could BMI and sex (although we controlled for the effects the latter two). In other words, obese women of mixed black origin from the Netherlands Antilles might have a different dose-response relationship between PISA and HbA1c than male patients of different weight and ethnic origin. Regardless of the existence of effect modification, this study shows a clear dose-response relationship between PISA and HbA1c. Although this dose-response relationship may differ depending on the presence of effect modifiers, given the large number of studies showing an association between diabetes and periodontitis across different populations, the dose-response relationship might be present in other populations as well. 

It should be noted that the original PISA calculation using the online spreadsheet (http://www.parsprototo.info/docs/PISA_CAL.xls) requires CAL and recession measurements to be filled in. Given the absence of data on recession measurements, for this study, we were forced to enter PPD measurements into the spreadsheet as CAL and enter recession measurements into the spreadsheet as zero. Using PPD instead of CAL measurements, i.e. ignoring the presence of recessions, may lead to a slight overestimation of true PISA (Nesse et al. 2008). However, this underestimation is likely small and can most probably be neglected. Moreover, the underestimation applies to the study population as a whole and thus unlikely effect the dose-response relationship between PISA and HbA1c-levels currently observed. 

In conclusion this study shows that there is a dose-response relationship between HbA1c-levels and PISA, in type 2 diabetics. Namely, on a group level, an increase in PISA with 333 mm2 is associated with an increase of HbA1c with 1.0 percentage point. This dose-response relationship might be an indication of a causal relationship between PISA and HbA1c. Additional studies are needed to confirm that there is indeed a causal nature underlying the observed association between PISA and HbA1c. Furthermore, this study suggests that PISA is a useful tool to assess dose-response relationships between the amount of inflamed periodontal tissue and HbA1c. However, studies still have to confirm that PISA does indeed quantify the inflammatory burden posed by periodontitis. 
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Table 1. Patients` characteristics

	Patient characteristics
	

	Sex: % (numbers)
	83% (33) female &17% (7) male

	Age: mean (± sd)
	58 (± 9.5) years

	Diagnosed with DM 2: median (IQR)
	7.0 (2.3 to 12.0) years 

	BMI: mean (± sd)
	31.1 (± 4.6) kg/m²

	WHO BMI-classification: % (numbers)

Healthy; BMI 18.5 - < 25 kg/m²

Overweight; BMI 25 - < 30 kg/m²

Obese; BMI ≥30 kg/m²
	10% (4)

27% (11)

63% (25)

	Oral hygiene-classification: % (numbers)

Good

Moderate

Bad
	40% (16)

32.5% (13)

27.5% (11)

	Number of teeth: mean (± sd)
	19 (5)

	SES-classification: % (numbers)

High

Middle

Low
	17.5% (7)

35% (14)

47.5% (19)

	Smoking: % (numbers)


Smoker

Non-smoker
	5% (2) 
95% (38) 

	PISA: median (IQR)
	151 (39 to 307) mm²

	HbA1c: mean (± sd)
	7.7 (±1.8)%


List of abbreviations:

sd =  standard deviation, IQR= Inter Quartile Range, DM 2 = type 2 Diabetes Mellitus, 

BMI = Body Mass Index, WHO =World Health Organisation, SES = Socio-Economic Status. 

Table 2. Results from multiple linear regression analyses (models to predict HbA1c). 

	Model and predictors
	β
	p. value of  β
	r2
	95% Confidence Interval of β

	Model A
	
	
	
	

	Constant
	7.017
	 < 0.001
	0.175
	6.289 to 7.744

	PISA
	0.003
	0.001
	
	0.001 to 0.005

	Model B
	
	
	
	

	Constant
	6.874
	< 0.001
	0.367
	6.107 to 7.641

	PISA
	0.003
	< 0.001
	
	0.002 to 0.005

	SES high/middle
	-1.055
	0.012
	
	-1.866 to -0.244

	Years diagnosed with DM 2 
	0.048
	0.093
	
	-0.008 to 0.104


Model A is the resulting model from the regression analysis of all patients.

Model B is the resulting model from the regression analysis excluding one extreme outlier. 

Dependent variable: HbA1c(%); Independent variables initially entered into the model: Sex, Oral Hygiene, Body Mass Index, Periodontal Inflamed Surface Area (PISA), SES= Socio-Economic Status, years since diagnosed with diabetes mellitus type 2 (DM 2). 

p.=probability; a p. value of ≤ 0.05 was considered statistically significant. β = Unstandardised coefficient.

Legends

Fig. 1
Dose-response relationship between PISA and HbA1c.


Figure 1: Dose-response relationship between PISA and HbA1c. 
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Chapter 7

Treatment of periodontitis in rheumatoid arthritis patients

reduces rheumatoid arthritis disease activity: A meta-analysis
Abstract

Background Periodontitis is a chronic inflammation of the tissues anchoring teeth within the jaws. It is suggested that rheumatoid arthritis (RA) increases the risk of periodontitis. Additionally, treatment of periodontitis is suggested to reduce RA disease activity. 
Aim To systematically review the evidence on prevalence and severity of periodontitis in RA patients as compared to healthy controls, and the potential of treatment of periodontitis to reduce RA disease activity.

Methods Sensitive search strategies were designed aimed at including all relevant studies published from 1968 till 10-10-2010. Relevant studies performed in humans and published in the English language were included. The methodological quality of each study was graded as good, meeting all criteria appropriate for study design, fair, meeting a selection of key criteria guaranteeing fair validity, or poor, missing one or more key criteria. Studies with fair or good quality were included in a meta-analysis.

Results Out of 798 articles initially retrieved, 9 case control studies and 2 randomized controlled trials had fair quality and were included in meta-analyses. Results of meta-analyses indicated that RA-associated odds ratios (95% confidence intervals) of periodontitis range from 8.0 (3.1 to 20.9) to 13.2 (3.7 to 47.2) depending on the measure of periodontitis used. Moreover, treatment of periodontitis reduces DAS28 by 1.2 (0.6-1.7). 
Conclusion Prevention and treatment of periodontitis in RA patients may be needed to safeguard oral health and may additionally reduce RA disease activity. However, there is a need for well-designed studies to confirm these findings.
Introduction

The periodontium is the tissue that surrounds, supports and anchors teeth within the jaws. Periodontitis is a chronic inflammation of the periodontium that causes loss of the anchoring connective tissue and jaw bone. Periodontitis is a major cause of tooth loss and negatively impacts quality of life [1-7]. 
Periodontitis may be associated with rheumatoid arthritis (RA). The first anecdotal ‘case report’ of this association was written by Hippocrates, around 400 BC. He described a patient with ‘rheumatism’ being cured after extraction of a single tooth [8]. Over the past decades, dozens of studies have appeared on the association between periodontitis and RA. These studies can roughly be divided into four series. The first series of studies deals with the epidemiologic associations between periodontitis and RA. Some studies suggest periodontitis may be more prevalent among RA patients, when compared to healthy controls and vice versa [9-19]. Additionally, more severe RA may be associated with more severe periodontitis and vice versa [20-22]. 

A second series of studies deals with similarities in disease pathogenesis between periodontitis and RA. Both diseases share a genetic predisposition for a pro-inflammatory response (HLA-DR4)[20,23], resulting in the secretion of the same catabolic cytokines and inflammatory mediators [24]. In both diseases, drugs inhibiting the activity of matrix metalloproteases, responsible for the eventual destruction of connective tissue and bone that is a hallmark of both diseases, reduce disease severity and bone loss [25,26].

A third series of studies hypothesizes on a role of periodontitis as inducer of anti citrullinated protein antibody (ACPA) production [22,27]. ACPAs are thought to play an important role in the aetiology of RA. Since both citrullinated proteins and auto-reactive plasma cells are present in periodontitis tissue [28,29], anti citrullinated protein antibody formation might be initiated in periodontal tissue. 

A fourth series of recently published studies indicate that treatment of periodontitis may reduce disease activity of RA. Treatment of periodontitis was shown to reduce CRP, erythrocyte sedimentation rate, number of swollen and tender joints counts, visual analog scale scores for general health and, thus, disease activity score (DAS) 28 [30-32]. 

If periodontitis is more prevalent in RA patients and plays a role in the etiology of RA, prevention and treatment of periodontitis in RA patients may be needed to improve oral health, preserve teeth, and consequently improve quality of life. Furthermore, if periodontitis treatment is able to reduce RA disease activity, prevention and treatment of periodontitis may need to become a part of RA treatment. Consequently, the aim of this study was to systematically review the available evidence on periodontitis prevalence and severity in RA patients as compared to healthy controls and the potential of periodontitis treatment to reduce RA disease activity. 

Materials and Methods 

Sensitive search strategies were designed aiming to include all potentially relevant studies, limited to studies on humans and published in the English language. Search strategies were performed in Medline using PubMed: “Periodontitis"[MeSH] OR periodontitis OR periodont*) AND ("Arthritis, Rheumatoid"[MeSH] OR rheumatoid arthritis OR rheumat*) limit eng hum, in Embase and Medline using Embase: ('periodontitis'/syn OR periodont*) AND (rheumatoid AND 'arthritis'/syn OR rheumat*) AND [english]/lim AND [humans]/lim, and in the Cochrane Library: periodont* AND rheumat*. Studies published from 1968 till 10-10-2010 were included in this study.

Studies potentially relevant to the focussed research questions were selected by excluding irrelevant studies in a stepwise fashion (Fig. 1). Duplicate studies, non-systematic reviews, case reports, case series, and studies that were irrelevant to the research question were excluded. Cohen’s kappas and overall agreement were calculated to check the level of inter-observer agreement at each step. 

The level of evidence was graded as is commonly performed on the basis of study design. How well the study design was executed, was graded as either “good”, “fair” or “poor” [33]. For this purpose, a list of 18 criteria for study design of observational studies was created for the specific purpose of this review, as on prelimanary exploration of the literature most studies appeared to be observational studies [34,35]. A study meeting all 18 criteria appropriate for the study design was judged as “good”. Eight items were thought to constitue a set of key criteria guaranteeing at least fair validity. For the 18 criteria and and a justification of the choice of 8 key items guaranteeing at least fair validity, see table 1. The 8 key items consisted of: adequate description of the number of subjects, mean age and sex distribution (item no 1), valid measurements to assess periodontitis presence, absence and RA presence (resp. item no 3, 4 and 6), and adequate control for confounding by oral hygiene, smoking, gender and age (resp. item no 9, 10, 13 and 14). A “fair” study did not meet all 18 criteria, but met the set of 8 key criteria. If any of the 8 key criteria was not met, the study was considered to have major flaws and “poor” validity. In case any of the key items were judged differently by both authors (e.g. EB scored 0 while WN scored 1), a meeting was called to reach a consensus. Studies that were, either directly or after consensus meeting, unanimously judged as “fair” or “good” were included in meta-analyses. Studies with “poor” validity were excluded. 

As the 18 criteria checklist was designed to judge the validity of observational studies, included randomized controlled clinical trials were additionally judged using an unmodified Cochrane checklist for judging the validity of randomized controlled clinical trials [36]. However, the key criteria on the checklist of observational studies were also considered to guarantee fair validity of randomized controlled trials (RCT; see table 1), RCTs that didn’t meet the key criteria were considerd to have poor validity and were excluded. 

Meta-analyses were performed using a statistical software programme (Comprehensive Meta-Analysis, Biostat, Englewood, USA) and aimed to answer the following research questions: I) is periodontitis prevalence and severity increased in RA patients as compared to healthy controls and II) does treatment of periodontitis reduce RA disease activity? Meta-analyses were performed separately for each types of periodontitis disease measure in order to reduce clinical heterogeneity. Both fixed models, assuming only within study variance, and random models, additionally assuming between study variance, were calculated. 
Finally, potential threats to generalizability of results from meta-analyses were explored by exploring sources of clinical heterogeneity. Studies were compared on: exclusion criteria, age, sex, nationality, numbers of teeth, oral hygiene level (plaque scores) and percentage of smokers, measures used for periodontitis, DAS28, RA disease duration, drugs used, and, for RCTs only, on the treatment of periodontitis that was administered. Finally, possible publication bias was assessed by creating funnel plots. 

Results

Selection of relevant studies with at least fair validity 

After removal of duplicates, a total of 798 studies was retrieved from PubMed (Medline), Embase (Medline & Embase) and the Cochrane Library (Fig. 1). Of these, 56 studies were deemed potentially relevant to answering the research questions (non-systematic reviews or case reports were excluded; Cohen’s Kappa 0.93 and overall agreement 97%). Out of the 56 remaining studies, 11 studies were deemed to have at least “fair” validity and were therefore included in meta-analyses (Cohen’s Kappa 0.64, overall agreement 82%). 

Originally 14 studies were deemed relevant with fair validity. However, 3 studies reported identical data on periodontitis and RA from an identical population [14, 18, 37]. These 3 studies were treated as 1 study [18], yielding a total of 12. From the remaining 12 studies, 3 RCTs analysed the effect of treating periodontitis on RA disease activity [30-32]. All three RCTs met the 8 key criteria set guaranteeing “fair” validity. However, when using the Cochrane checklist for the validity of RCTs, one of the three RCTs was considered to have poor validity [32], i.e. insufficient information was presented on randomization procedures to assure adequate randomization had taken place. The other two randomized controlled clinical trials were deemed to have “fair” validity and were, therefore, included in the meta-analysis. 

Thus 11 studies, 2 randomized clinical trials [30, 31] 7 original case control studies on periodontitis prevalence and severity in RA patients [9, 18, 21, 38-41] and 2 case control studies on the effect of anti-TNFα treatment on the periodontium of RA patients [42, 43] were included in meta-analyses.
The effect of periodontitis treatment on DAS28
Two randomized controlled clinical trials with fair quality (level I-fair evidence) could be combined to analyse the effect of periodontal treatment on DAS28 [30,31]. A reduction in DAS28 of 1.2 (0.6 to 1.7) was observed in RA patients treated for periodontitis versus RA patients who were not treated for periodontitis (Fig. 2).

Periodontitis prevalence and severity in RA patients versus healthy controls

None of the case control studies met all 18 criteria for internal validity. All of the included studies showed a higher periodontitis prevalence in RA patients compared to non-RA controls. Thus qualitatively, there appears to be level II-2-fair evidence of an RA-associated increased prevalence of periodontitis. Quantitatively, five studies could be combined to calculate the odds ratio (OR) of bleeding on probing (BOP) associated with RA, yielding an OR of 6.4 (1.7 to 24.0; Fig. 3a)[18, 21, 38-40]. Three studies could be combined to calculate OR of clinical attachment level (CAL; Fig. 3b) and probing pocket depth (PPD; Fig. 3c) of > 4mm in RA patients, yielding ORs (95% confidence interval) of respectively 13.2 (3.7 to 47.2) and 8.0 (3.1 to 20.9) [9,38,40].

Four studies could be combined to calculate mean difference in CAL and PPD (respectively, Fig. 4a and 4b) [9,18,39,41]. All but one [41] study showed an increased periodontitis severity in RA patients versus healthy controls. This was the only study performed in an Asian population of RA patients. When including this study, no significant increased severity of periodontitis in RA patients was observed (in fixed models, a significant decreased severity of periodontitis was observed). When excluding this study, an increase in mean CAL of 1.6mm (0.9 to 2.3mm) and an increase in mean PPD of 0.7mm (0.5 to 1.0mm) in RA versus non-RA controls was found (Fig. 4c and 4d). 

The effect of anti-TNFα on the periodontium of RA patients

None of the two included case control studies met all 18 criteria for internal validity [42,43]. Both studies showed a reduction in PPD and CAL associated with anti-TNFα treatment. Thus qualitatively, there is level II-2-fair evidence of anti-TNFα treatment decreasing PPD and CAL. Quantatively, results of meta-analyses show anti-TNFα treatment reduces CAL and PPD by resp. 0.8 (0.7 to 1.0) and 0.5 (0.1 to 0.9)mm (Fig. 5a and 5b).

One of the case control studies [43] additionally included a follow-up study. Nine RA patients underwent periodontal screening prior to start and 9 months after treatment with infliximab. The follow-up study showed an increase in gingival inflammation (evidenced by increase in BOP), stable PPD values, and decreased CAL after infliximab treatment. This indicates infliximab appears to increase gingival inflammation, while decreasing attachment loss (progression of periodontitis).

Generalizability of results

The studies of Ortiz et al [30] and Al Katma [31] were the only two RCTs that could be combined in the meta-analysis. There was no appearant heterogeneity; i.e. identical RA definition and fairly identical RA disease activity (DAS28 ranging from 4.3 to 5), drugs used, periodontitis treatment, oral hygiene levels, nationality (American, although Al Katma [31] included mainly patients with African-American ethnicity), sex distributions (88% female), age (55 years), and exclusion of smokers, pregnant women, patients with xerostomia, other systemic diseases (e.g. diabetes), or recent use of antibiotics.

All included case control studies on RA asscociated periodontitis prevalence and severity had fairly identical populations, i.e. identical RA definition and fairly identical RA disease durations, drugs used, oral hygiene levels, sex distributions, age, and the presence of other diseases (table 2). Differences in study populations of case control studies pertained to RA disease activity, nationality and smoking. 

Regarding disease activity, DAS28 differed from 5.4 (high disease activity) to 3.2 (low disease activity). Unfortunately, DAS28 could not be retrieved or calculated from the data in 2 of the 7 included case control studies [21, 39]. Of the three case control studies showing a significant increase in CAL and PPD, the lowest mean reported difference in CAL and PDD between RA patients and controls was observed in patients with the lowest RA disease activity (with DAS28 3.2 to 3.4) [9]. Additionally, the one study that showed no significant difference in CAL and PPD contained 28 RA patients with a low disease activity (DAS28 <3.2), 48 RA patients with intermediate disease activity (DAS28 <5.1), while only 8 patients had high disease activity (DAS28 >5.1) [41]. 

Regarding nationality, studies in Egyptian and Turkish RA patients yielded a considerably higher RA-associated periodontitis risk than studies in European (German) and Australian RA patients, when BOP was used as a measure of periodontitis. The influence of ethnicity was inconsistent for RA-associated increased risk of PPD and CAL. As stated earlier, the one that did not show an increased severity of periodontitis in RA patients was the only study performed on an Asian (Japanese) population [41]. 
Regarding smoking as a source of heterogeneity, smoking was excluded in the two studies from Egypt, while the other studies were relatively homogeneous with percentages of smokers of 7, 11, 20, 21 and 22%. The influence of smoking on the observed results was inconsistent.
Sources of heterogeneity for the two included case control studies on the effect of anti-TNFα treatment on the periodontium of RA patients pertained to disease activity (DAS28 3.4 vs. 4.9) and outcome regarding BOP (increased vs. decreased in infliximab treated RA patients, table 3) [42,43]. Study populations were otherwise homogeneous.

Discussion
Although numerous well-written narrative reviews have appeared on this issue [44-51], this is the first time a meta-analysis was performed summarizing the best available evidence on the association between periodontitis and RA. The assessment of the methodological quality of available evidence in a non-biased, reproducible manner and summarizing the available evidence quantitatively, as performed in this review, carries substantial advantages over these reviews. 

This study showed there is level I-fair evidence of periodontitis treatment reducing RA disease activity. Moreover, there is level II-2-fair evidence of an RA-associated increased periodontitis prevalence as compared to healthy controls. Additionally, this study showed severity of periodontitis was increased in RA patients versus healthy controls only when excluding Japanese RA patients. When Japanese RA patients were included, no increased periodontitis severity in RA patients was observed. Finally, there is level II-2-fair evidence of anti-TNFα treatment reducing periodontitis severity in RA patients.
Since RA patients suffer from periodontitis more often than healthy controls, despite anti-TNFα treatment and independent of smoking status, oral hygiene, age and sex differences, RA appears to be associated with periodontitis development. Prevention and treatment of periodontitis in RA patients may thus be needed to safeguard oral health and improve quality of life. Perhaps more interestingly, periodontitis may also predipose to RA and/or an increased RA disease activity, as periodontitis treatment may decrease RA disease activity.

Notwithstanding these findings, there is a need to further strengthen the evidence on the association between RA and periodontitis. The results of this meta-analysis were based on a limited number of studies, which has probably resulted in wide confidence intervals around the calculated ORs for RA-associated periodontitis risk. Meta-analyses may give rise to spurious results caused by residual bias and confounding. In general, positive results from case control studies and small trials are far more likely to get published than negative results. The created funnel plots did not hint towards the presence of such publication bias (data not shown). However, since only small groups of studies could be included in the analyses, the value of funnel plots may be limited. Thus, there is a need to confirm these findings by more and larger observational and intervention studies that deal with at least some of the issues that potentially harm the validity of the present results.

One issue potentially harming validity of studies performed on the RA-periodontitis link is selection bias. As periodontitis is a major cause of tooth loss, RA-associated periodontitis may cause early loss of teeth in RA patients. RA patients with too few teeth for evaluation of periodontitis presence were excluded, having potentially led to an underestimation of ‘true’ periodontitis prevalence and severity in RA patients. Thus, RA-associated increased periodontitis prevalence and severity may be higher than presently reported. 

One study selected dental professionals as healthy controls, potentially having better oral health than the general population [39]. Since it were these controls to which RA patients were compared, RA-associated periodontitis severity might have been overestimated. Accordingly, Biyikoglu et al. [39] found the highest RA-associated increase in periodontitis severity (Fig. 4). Finally, the effect of selection bias resulting from (sub)conscious choices on study participation, made by researchers and participants alike, are considered small, as it may reasonably be assumed that most patients and certainly clinicians were unaware of periodontal status at the time of selection. 
Two additional issues potentially harming validity of studies on RA and periodontitis are observer bias and placebo effects. In RCTs, the effect of periodontitis treatment on RA was not assessed blinded nor placebo controlled (control groups simply received no treatment). One might argue these flaws to be fatal, yielding poor instead of fair quality evidence. However, RCTs reported decrease in tender and swollen joint counts, CRP, erythrocyte sedimentation rate and visual analog scores (VAS), of which only the first (joint counts) and the last (VAS) were deemed sensitive to respectively observer bias (lack of blinding) and placebo effects. Furthermore, establishing placebo periodontitis treatment may be difficult to achieve. Still, observer bias and placebo effects may have lead to an overestimation of the effect of periodontitis treatment on reducing RA disease activity. 

Like RCTs, case control studies included in the analyses often did not report whether periodontitis presence was assessed blinded for the presence of RA. Again, one might argue these flaws to be fatal, yielding poor instead of fair quality evidence. The main reason why blinding was not included in the key criteria set guaranteeing at least fair validity, was that periodontitis measurements are fairly objective (measurement of space between teeth and gum expressed in mm). Moreover, screening for periodontitis presence was most often performed in a similar fashion for all study participants. Thus, although observer bias may have lead to an over-estimation of RA-associated periodontitis risk, lack of blinding was presumed not to harm validity to such an extend, as to qualify evidence as poor.

Apart from these qualification issues, there is an obvious need to strengthen the evidence on the association between RA and periodontitis. To improve the strength of evidence some specific recommendations can be made. Future case control studies should 1) randomly select patients (including edentulous RA patients), 2) report inclusion rates, 3) blind clinicians evaluating periodontal status to RA disease status and 4) use uniform continuous measures for periodontitis, like the recently developed periodontal inflamed surface area [52]. Future RCTs should 1) randomly allocate RA patients either to periodontitis treatment or to some form of placebo treatment that does not counter periodontitis (e.g. rinsing the mouth with a placebo solution) and 2) blind both the clinician evaluating RA disease activity, as well as the person performing statistical analyses, for periodontitis treatment status. 

A final threat to validity of studies on RA and periodontitis may be confounding. Only studies adequately adjusting for confounding by sex, age, smoking and oral hygiene were included in this meta-analysis. Residual confounding by medication use and concomittent diseases may have occured. However, medication used in RA has been shown to exert anti-inflammatory effects on periodontitis [53-55]. This is also evidenced by our results showing anti-TNFα treatment reduces periodontitis severity. Thus, if any confounding by drug use exists, this has most likely led to an underestimation of RA-associated periodontitis risk and severity. Since concomittent diseases that may predispose to periodontitis (e.g. diabetes) were always excluded from the studies included in this meta-analysis (except [9]), this type of confoudinding poses little threat to the observed association.

Due to these many common characteristics of study populations, little threat to generalizability of the results of this meta-analysis may be assumed. The two included RCTs exhibited no appearant heterogeneity. However, this may simply be due to the fact that only two studies were included. In contrast, heterogeneity was evident in case control studies and pertained to RA disease activity, nationality and smoking (table 2). The study reporting the lowest mean difference in CAL and PPD between RA cases and controls also had lowest RA disease activity [9]. The one study that showed no significant difference in CAL and PPD contained only 8 (out of 84) RA patients with DAS28 >5.1 [41]. Thus, increased RA disease activity may be associated with increased severity of periodontitis and vice versa. 

Studies in Egyptian and Turkish RA patients yielded a considerably higher RA-associated risk of BOP than studies in European and Australian RA patients. However, BOP is a measure of inflammation not necessarily indicative for the presence of periodontitis. The influence of ethnicity was inconsistent for RA-associated increased risk of PPD and CAL, more valid periodontitis measures. Finally, the one that did not show an increased severity of periodontitis in RA patients was the only study performed on an Asian (Japanese) population [41]. Thus, RA-associated risk of BOP and RA-associated increased severity of periodontitis may be influenced by differences in environmental, life style and genetic factors associated with differences in nationality. In contrast to disease activity and nationality, smoking did not exert clear and consistent influences on RA-associated periodontitis risk. 

The two case control studies on the effect of anti-TNFα treatment on the periodontium of RA patients differed in RA disease activity and their results regarding BOP (table 3). Pers et al. [43] (DAS28 around 3.5) found only a small reduction in PPD and CAL associated with anti-TNFα treatment, while Mayer et al. [42](DAS28 around 5) found rather large reductions. Thus, anti-TNFα treatment reduces periodontitis severity, but patients with more active RA may benefit more from such a reduction than RA patients with less active disease. As RA patients with less active disease also appear to have less severe periodontitis (see above), this appears logical. Given these results, the fact that included RA patients received anti-TNFα treatment may explain why two of the case control studies [9, 41] respectively reported the lowest and a non-significant increase in periodontitis severity (table 2, fig. 4a,b).

The increased risk of BOP associated with anti-TNFα treatment in Pers et al.’s study [43], versus the decreased risk of BOP in Mayer et al.’s study [42], may well be explained by the fact that the former expressed BOP risk as an index score (papillary bleeding index) while the latter expressed BOP as the percentage of sites actually bleeding after probing. These different dimensions of the same phenomenum are difficult to compare, emphasizing the need for using uniform measures of periodontitis.

Notwithstanding the need for additional studies to strengthen the evidence, there appears to be a RA-associated increased periodontitis risk that is independent of confounding by oral hygiene levels, smoking, sex and age. Moreover, periodontitis may play a role in the etiology of RA or contribute to increased RA disease activity, as treatment of periodontitis appears to reduce RA disease activity. 

Figure Legends

Figure 1
Identification of relevant and valid articles in a stepwise fashion 

Figure 2 
Treatment of periodontitis reduces rheumatoid arthritis disease activity: DAS28 (abbreviations: CI: confidence interval, DAS28: Disease Activity Score-28).

Figure 3 
Increased periodontitis prevalence in RA patients

A
Bleeding on probing (abbreviations: BOP: bleeding on probing, CI: confidence interval, RA: rheumatoid arthritis)

B
Clinical attachment loss (abbreviations: CAL: clinical attachment loss, CI: confidence interval, RA: rheumatoid arthritis) 

C
Probing pocket depth (abbreviations: CI: confidence interval, PPD: probing pocket depth, RA: rheumatoid arthritis)

Figure 4
Increased periodontitis severity in RA patients

A
Clinical attachment loss (abbreviations: CAL: clinical attachment loss, CI: confidence interval, RA: rheumatoid arthritis)

B
Probing pocket depth (abbreviations: CI: confidence interval, PPD: probing pocket depth, RA: rheumatoid arthritis) 

Figure 4
Increased periodontitis severity in non-Japanese RA patients

C
Clinical attachment loss (abbreviations: CAL: clinical attachment loss, CI: confidence interval, RA: rheumatoid arthritis)

D
Probing pocket depth (abbreviations: CI: confidence interval, PPD: probing pocket depth, RA: rheumatoid arthritis) 

Figure 5
Reduction of periodontitis severity after anti-TNFα treatment.

A
Clinical attachment loss (abbreviations: CI: confidence interval, CAL: clinical attachment level)

B
Probing pocket depth (abbreviations: CI: confidence interval, PPD: probing pocket depth)

Supplementary figure: A cross section of a tooth surrounded by the periodontium: alveolar jawbone, collagen fibers of the periodontal ligament and gingiva. On the left a healthy periodontium, evidenced by absence of bleeding on probing and probing pocket depth of 1 to 3 mm. On the right periodontitis: inflammation of the periodontium, as evidenced by bleeding on probing, accompanied by loss of bone and connective tissue, as evidenced by clinical attachment loss and increased probing pocket depth (adapted with permission from the Dutch Society for Periodontology).
Figure 1 Identification of relevant and valid articles in a stepwise fashion 

Figure 2 Treatment of periodontitis reduces rheumatoid arthritis disease activity: DAS28 

[image: image9.png]H9-06

Figure 2 Meta-anal Perio RA (Compatibiliteitsmodus) - Microsoft Word - 7 X
St | imocgen  Poginaindeling  Verwingen  Verendijten  Controleren _ Becld ©
& Kaippen = o Ay | e
Bo.o. cato u nsgbeee | AsBbccoc AaBb( AaBbC AaBb( £ venangen
PKKEN. 0 sk kapienvpakben (B 2 U-aex xa|[®-A [ |82+ | lrstandasra | 1Geenats..  Kop1 Kop2 Titel Dy
embers 5 Leterpe 5 5 sen sewerken

Treatment of Periodontitis reduces Rheumatoid Arthritis disease activity: DAS28

Modd  Study name Ethnicity ‘Smoking %

Difference  Standard

0461
03400

-

-
-

400 20 000 200 40

0278
0278

Favours treatment Favours control

1van1 | Woorden: 14 | < Nederlands (Nederland) |

B ot @ Figure 2 Me




Figure 3a Increased periodontitis prevalence in RA patients: bleeding on probing
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Figure 3b Increased periodontitis prevalence in RA patients: clinical attachment loss 
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Figure 3c Increased periodontitis prevalence in RA patients: probing pocket depth [image: image12.emf]Model
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Figure 4a Increased periodontitis severity in RA patients: clinical attachment loss

[image: image13.png]90 ) Figure 42 Meta-analysis Perio RA (Compatibiliteitsmodus) - Microsoft Word Hulpmiddelen voor tekstvakken
e e el oo B G @
8y Do B g verwieren BN . Bgeen- [ . E
7 i 2
- Smonenens & || = #vonge R 3 Marernsenweergeen - P L N W -
peling-en 2 viewe mgingen Ballonnen ergeljken Srondocumenten | Documer
grammaticsomtrole $Versien @5 | opmening 2AVolgence || bynagens " [B] Revisievenster - BT oy vaigende || SO T i
Taalcontrole Opmerkingen Bihouden wigigingen Vergeljken Beveiigen

Meta Analysis

Statistios for each study Difference in means and 95% ci

erence  Standara Lower U pper
arror Varance lmit  hmit  ZValue
Biikogls  Turkish 20,000 o1s0 003 128 2571 11e0s
Kasser  Geman 20.000 ose 0038 1207 2033 ssae
Pischon  Geman 21.000 0215 006 oses 1382 4503 -
Japanesa.000 0020 0001 ass 0241 s.sss ]
0025 0001 0230 0115 st ]

Kobayasni

0705 0803 0280 2514 1528

2,00 0,00 200 400

mm decreased mm increased





Figure 4b Increased periodontitis severity in RA patients: probing pocket depth
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Figure 4c Increased periodontitis severity in non-Japanese RA patients: clinical attachment loss
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Figure 4d Increased periodontitis severity in non-Japanese RA patients: probing pocket depth 
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Figure 5a Reduction of periodontitis severity after anti-TNFα treatment: clinical attachment loss
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Figure 5b Reduction of periodontitis severity after anti-TNFα treatment: probing pocket depth
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 Supplementary figure: Clinical measures used to diagnose periodontitis 
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Supplementary figure: Clinical measures used to diagnose periodontitis
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Table legends

Table 1. Set of 18 items judging quality of papers
Table 2. Characteristics of case control studies on RA asscociated periodontitis prevalence and severity
Table 3. Characteristics of studies on the effects of TNFα treatment on the periodontium of RA patients
Table 1. Set of 18 items judging quality of papers

	Item no.
	Description of item:
	In- or exclusion of item in key criteria set:

	1. 

       
	A) Number of subjects given, and

B) Mean (modus or median) age given, and

C) Number (or %) of males and females given
	Key criterion; basic data on number of included patients, age and sex most be provided.



	1.
	A and B and C = 1 point
	

	2.
	A) Clinical setting where patients were approached given, and

B) Inclusion criteria stated with rate of inclusion, and either

C) Random selection of patients, or

D) Selection of RA or perio patients performed without prior knowledge of perio or RA presence, respectively. 
	Excluded from key criteria set; most often periodontitis presence could reasonably be assumed to be unknown to both participants and researchers prior to decision on participating in study. 



	2.
	A and B, and (C or D) = 1 point
	

	3.
	Regarding periodontitis cases:

A) Measurement of PPD or CAL on ≥6 teeth, at 4-6 sites per tooth, or

B) Measurement of radiographic alveolar bone on ≥6 teeth, or

C) Measurement of CPITN on all teeth at 4-6 sites per tooth.
	Key criterion; sufficiently valid measurements most be performed to establish periodontitis presence.

	3.
	A or B or C = 1 point
	

	4.
	Regarding Non-Periodontitis controls:

A) Measurement of PPD or CAL on ≥6 teeth, at 4-6 sites per tooth, or

B) Measurement of radiographic alveolar bone on ≥6 teeth, or

C) Measurement of CPITN on all teeth at 4-6 sites per tooth.
	Key criterion; sufficiently valid measurements most be performed to establish periodontitis absence.

	4.
	A or B or C = 1 point
	

	5.
	Periodontitis disease activity:

A) BOP measurement on ≥6 teeth at 4-6 sites per tooth, and

B) retrievable as total number or proportion of teeth with BOP
	Excluded from key criteria set; presence of periodontitis was deemed more relevant than severity, moreover PPD and CAL are more valid measures of periodontitis than BOP, the latter reflecting inflammation without the need for periodontitis presence. 



	5.
	A and B = 1 point
	

	6.
	Is RA assessed according to 1987 ACR criteria in cases?
	Key criterion; a valid definition and diagnosis of RA most be established in RA patients.

	6.
	Yes = 1 point
	

	7.
	Non-RA controls without current or past problems of multiple symmetrical (left and right) joints?
	Excluded from key criteria set; given the low prevalence of RA and the interest in RA patients as case group, it is unlikely controls included RA patients. 

	7.
	Yes = 1 point
	

	8.
	RA disease activity measured according to 

A) ACR criteria for RA disease activity or 

B) According to Disease Activity Score 28 or 44?
	Excluded from key criteria set; the presence of RA was deemed more relevant than the activity of RA. Exclusion of studies that established presence, but not activity of RA was deemed unwanted. 

	8.
	A or B = 1 point
	

	9.
	Assessment of dental plaque presence

A) Plaque index per sextant scored, and

B) Plaque levels not sign. different between cases and controls or, if significantly different, 

C) Plaque levels were included in a multivariate analysis.


	Key criterion; dental plaque is the major etiologic factor causing periodontitis . Since RA patients may have decreased hand functioning and thus decreased ability to maintain proper oral hygiene levels, this may confound an association between periodontitis and RA.

	9.
	A and (B or C) = 1 point
	

	10.
	A) Proportion of smokers within cases and controls given, 

B) Proportion of smokers does not differ sign. between cases and controls, or, if significantly different, 

C) Smoking was included in a multivariate analysis.
	Key criterion; smoking is a major risk factor for both periodontitis and RA and may thus confound an association between periodontitis and RA.

	10.
	A and (B or C) = 1 point
	

	11.
	A) Use of medication was assessed in all patients, and

B) A stratified analysis for the use of medication was performed, or

C) The use of medication was included in a multivariate analysis.
	Excluded from key criteria set; Obviously RA patients use different medication as healthy controls. Although this may influence periodontitis to some extend, excluding articles for not meeting this item was deemed to strict.

	11.
	A and (B or C) = 1 point
	

	12.
	A) Presence of other medical conditions was assessed, and

B) Prevalence of these diseases did not differ significantly between cases and controls or, if significantly different, 

C) The prevalence of these diseases was included in a multivariate analysis.
	Excluded from key criteria set; Although both RA and periodontitis are associated with other diseases, the potential effect of such associations on the association between periodontitis and RA was deemed insufficiently profound to justify exclusion of articles.


	12.
	A and (B or C) = 1 point
	

	13.
	A) Gender distribution did not differ significantly between cases and controls or, if it differed significantly, 

B) Gender was included in a multivariate analysis.
	Key criterion; Female sex is obviously associated with a highly increased risk of RA compared to male sex. Studies should account for this. 

	13.
	A or B = 1 point
	

	14.
	A) Cases and controls did not differ significantly with respect to age or, if significantly different, 

B) Age was included in a multivariate analysis.
	Key criterion; Increasing age is obviously associated with an increased risk of periodontitis. Studies should account for this.

	14. 
	A or B = 1 point
	

	15.
	A) Testing for a significant differences between groups in nominal data (disease presence or absence) was done using an appropriate test (e.g. Chi square or Fischer’s exact test), and/or

B) Testing for the influence of multiple independent variables on a dependent variable was performed using multiple logistical regression analysis.
	Excluded from key criteria set; relevant, but since raw data on numbers of patients were entered in the meta-analysis, not justified as exclusion criterion.



	15.
	A and/or B = 1 point
	

	16.
	A) A measure of effect is given, and 

B) A confidence interval (CI) is given, or 

C) The CI can be retrieved from the data given in the article.
	Excluded from key criteria set; although logical to assess, hardly differentiating.



	16.
	A and (B or C) = 1 point
	

	17.
	A) Sources of funding or sponsorship are explicitly mentioned, and 

B) It can reasonably be assumed that these sources have not endangered the fulfillment of authors` impartial scientific duties.
	Excluded from key criteria set; Either standardly mentioned or standardly left unmentioned in certain journals. 



	17.
	A and B = 1 point
	

	18. 


	Was periodontal status assessed without knowledge of RA presence?
	Excluded from key criteria set; Since blinding appears hard to achieve in practice, exchanging a handshake or having a look at patients` hands could easily reveal RA disease status prior to a periodontal screening. Periodontitis measurements are fairly objective (measurement of space between teeth and gum expressed in mm).  An influence of observer bias was deemed relevant to assess, but insufficiently profound to justify exclusion of articles.



	18.
	Yes = 1 point
	


Table 2. Characteristics of case control studies on RA asscociated periodontitis prevalence and severity

	Study characteristics
	Abou-Raya A [40]
	Abou-Raya S [38]
	Kasser [18]
	Pischon [9]
	Biyikoglu [39]
	Mercado [21]
	Kobayashi [41]

	Number
	50RA
	100RA
	50RA
	57RA
	23RA
	65RA
	84RA

	Nationality
	Egyptian

	German

	Turkish 


	Australian


	Japanese

	Age: mean (sd) year
	48 (11) 


	52 (11) 


	53 (10) 
	52 (13) 


	53 (10) 

	56 (12) 


	60 (1)

	% of females
	80%
	80%
	78% 
	86%
	78%
	75% 
	88%

	Smoking


	0%
	0%
	20%
	21%
	22%
	11%
	7%

	Exclusion of patients with:
	diabetes and secondary Sjögren`s Syndrome
	diabetes, hypertension, Sjögren`s Syndrome, hepatic-, renal-, hematological- and malignant-diseases
	any systemic diseases


	Pregnancy and lactation

osteoporosis present in 21/57 RA vs. 1/52 controls


	any systemic diseases 


	diabetes, osteoporosis, cellular immune disorders, usage of drugs affecting the periodontium or contra indication for a periodontal exam (e.g. endocarditis)


	Diabetes, pregnancy, having received periodontitis treatement <3months prior to examination

	DAS28
	5.41


	4.8 (1.3)


	4.78


	CAL<4mm: 3.4 (2.5 to 5.1)
CAL>4mm:3.15 (2.7 to 4.7)
	?


	?


	> 5.1, n=8

> 3.2 &< 5.1, n=48

< 3.2, n=28

	Disease duration
	6 (3) yrs 


	13 (3) yrs


	13 (8) yrs


	11 yrs


	16 (10) yrs 


	?


	16 (1) yrs

	Drugs used
	All: MTX, Sulfazaline, low dose corticosteroids`s
	?


	use of DMARDs:46/50, corticosteroids: 38/50, NSAIDs: 43/50
	Taking DMARDs, NSAIDs, corticosteroids & anti-TNFα
	all prednisolone and MTX
	?
	Taking DMARDs, NSAIDs, corticosteroids & anti-TNFα


Differences indicated bold

Table 3. Characteristics of studies on the effects of anti-TNFα treatment on the periodontium of RA patients

	Study characteristics
	Pers [43]
	Mayer [42]

	Number
	A) case control

i: 20 RA infliximab+

ii: 20 RA infliximab-

&

B) follow-up

9 RA perio+ from group ii 
	i) 10 RA Infliximab +

ii) 10 RA Infliximab –



	Nationality
	French
	Israeli

	Age: mean (sd) year
	i) 53(8)

ii) 55(12)
	i) 54 (9)yr

ii) 47 (16)yr

	% of females
	i) 80%

ii) 75%


	i) 70%

ii) 50%

	Smoking


	i) 25%

ii) 20%


	i) 30%

ii) 30%

	Exclusion of patients with:
	?
	Pregnant, lactation, drugs like antibiotics recieved <6months and periodontal treatment recieved <12 months before examination



	DAS28
	i) 3.47 (1.23)

ii) 3.39 (1.09)
	i) 4.8 (0.91),

ii) 5.05 (1.08)

	Intervention
	A) 

i) Infliximab infusion 3mg/Kg every 6 wks > 22 months &MTX

ii) MTX 

B) 

9 RA with periodontitis from group ii followed up to 9 months after start of infliximab
	i) Infliximab infusion 200mg every 8 weeks, mean duration 26 (8) months

ii) treated without biologic agents

both groups additionally used one or a combination of: NSAIDs, corticosteroids, MTX, sulfasalazine, hydroxychloroquine 


Differences indicated bold
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Chapter 8

The periodontium of periodontitis patients contains citrullinated proteins which may play a role in ACPA formation  

Abstract

Objective

Anti citrullinated protein antibodies (ACPAs) may play a role in the etiology of rheumatoid arthritis (RA). Periodontitis, an inflammation of the tissues surrounding and anchoring the tooth roots, contains all of the ingredients necessary to induce ACPA formation. However, whether citrullinated proteins are present in periodontitis tissue is currently unknown.
Methods 

Periodontal tissue samples of 15 randomly selected periodontitis patients and 6 non-periodontitis controls, both without any other known diseases, were stained for the presence of citrullinated proteins using polyclonal (Ab5612) and monoclonal (F95) antibodies. Synovial tissue samples of four RA patients and buccal mucosal swabs of three healthy controls were used as control tissues. 

Results

In stroma, increased citrullinated protein presence (80%) was observed in periodontitis tissue as compared to control tissue (33%). In control tissue, citrullinated protein presence in stroma was associated with inflammation of non-periodontitis origin. Periodontal epithelium in periodontitis tissue always stained positive for Ab5612 and F95, while control periodontal epithelial tissue stained positive for Ab5612 only. Three out of 4 synovial tissue samples and all buccal mucosal swabs stained positive for both Ab5612 and F95.
Conclusion

Within the periodontal stroma, citrullinated protein formation appears to be an inflammation-depended process. In periodontal epithelium, inflammation may lead to the formation of different types of citrullinated proteins than the types of citrullinated protein present in non-inflamed periodontal epithelium. In the presence of HLA DRB1 shared epitope and smoking, citrullinated proteins formed in association with periodontal inflammation may play a role in ACPA formation. 

Introduction
Hippocrates was probably the first (400 BCE) to report on the association between oral health and ‘rheumatism’ by reporting a case of joint pain being successfully treated after extraction of a single tooth (1). More recently, evidence from epidemiologic studies has pointed out that patients with rheumatoid arthritis (RA) have a significantly increased prevalence of periodontitis, an inflammation of the structures surrounding and anchoring the teeth that leads to destruction of these tissues (2-8). Moreover, disease severity of the one (RA or periodontitis) seems to be related to disease severity of the other (9-11). To prove that Hippocrates’ statement might not have been far from the truth, recent intervention studies pointed towards a beneficial effect of treating periodontitis on RA disease activity; i.e. a reduction in number of tender and swollen joints, CRP, ESR, VAS-scores, and consequently DAS28, was observed after treating periodontitis (12-14). 

Anti citrullinated protein antibodies (ACPA) are highly specific for RA and are suspected of playing a role in the etiology of RA (15-17). The discovery of ACPA in 1964, then called anti-perinuclear factor, was made on buccal epithelial cells (18). In addition to the presence of citrullinated proteins in buccal epithelium from within the oral cavity, the periodontal epithelium may also contain citrullinated proteins. In fact, periodontitis, a chronic inflammation of the structures anchoring the teeth within the jaws, that arises in response to infection of these tissues, has been hypothesized as being an inducer of anti citrullinated protein antibody (ACPA) formation (19). In support of this hypothesis, the presence of periodontitis in RA has recently been shown to be associated with ACPA positivity (20).  There are further lines of evidence in support of periodontitis as inducer of ACPA formation. First, both periodontitis and ACPA formation share the same environmental and genetic risk factors, viz. smoking (21,22) and HLA-DR4 shared epitope (23). Second, Porphyromas gingivalis, a major pathogen in periodontitis, is the only known bacterium to contain a peptidyl arginine deiminase (PAD) enzyme (24). The formation of citrullinated proteins is catalyzed by PAD enzymes. Therefore, PAD formed by P. gingivalis may cause citrullinated protein formation, which may in turn elicit an antibody response to these proteins, i.e. lead to ACPA formation. Furthermore, citrullinated α-enolase peptide 1, is considered to be a major auto-antigen in RA. This immunodominant peptide showed 82% homology with citrullinated enolase from P. gingivalis. Thus, ACPA response to synovial citrullinated α-enolase may be induced by P. gingivalis produced citrullinated enolase in the periodontium (25). Moreover, antibody titers to P. gingivalis are correlated with ACPA titers of RA patients (26). This implies that P. gingivalis, either through PAD, citrullinated enolase or otherwise, contributes to inducing ACPA formation. A third line of evidence implicating periodontitis as an inducer of ACPA formation, stems from the fact that auto-antibody formation commonly occurs in periodontitis. Strikingly, the auto-antibodies produced in periodontitis mainly target collagen (27). Furthermore, citrullination is known for its ability to break immunological tolerance (28), and ACPAs are known for recognizing two or more different citrullinated peptides (29). Therefore, an auto-antibody (ACPA) response against citrullinated collagen initiated in the periodontium, might cross react with citrullinated collagen in the synovium.  

In summary, ACPAs are thought to play an important role in the aetiology of RA and periodontitis might, for more than one good reason, be involved in the initiation of ACPA formation (fig 1). However, the presence of citrullinated proteins is a necessary ingredient for ACPA formation. As yet, it is unknown whether citrullinated proteins are present in periodontitis tissue.  Therefore, this study was designed to assess the presence and localisation (stromal vs. epithelial) of citrullinated proteins in periodontitis tissue as compared to non-periodontitis controls. The periodontal epithelium might be expected to contain citrullinated proteins, while their presence in stroma is uncertain. Another reason for comparing periodontal epithelium with periodontal stroma, is that the latter contains plasma- and many other infiltrating inflammatory cells, whereas the periodontal epithelium contains only a few inflammatory cells. 
Methods

Patients and tissue samples

Patients with chronic persistent periodontitis, not responding to initial therapy, are routinely subjected to surgical excision of the inflamed part of their periodontium. Periodontal tissue samples of 15 randomly selected periodontitis patients, without any other known medical condition (including RA), undergoing such surgical excision were obtained. Information on age, sex, smoking (pack years) and periodontitis severity was obtained from patients` dental records, in which these data were routinely recorded. Clinically non-inflamed periodontal tissue samples (no bleeding on probing, no periodontal pockets > 4mm) were obtained from 6 patients undergoing prophylactic removal of impacted third molars (wisdom teeth).  Synovial tissue samples of 4 RA patients, previously obtained during joint replacing surgery, and buccal mucosal cell swabs of 3 healthy persons, were used as positive control tissues for citrullinated protein staining. Informed consent was obtained from all patients and the institutional review board approved this study.

Processing the tissue samples

After excision, periodontal tissue samples of periodontitis patients were symmetrically dissected. Immediately thereafter, half of the sample was frozen using liquid nitrogen, the other half was put in formaldehyde and later embedded in paraffin. Cryostat sections were fixed in acetone and endogenous peroxidase was blocked with 1% hydrogen peroxide (H2O2) in phophate buffered saline (PBS). Then cryostat sections were incubated with either of two primary antibodies: 1) anti-citrullinated protein rabbit polyclonal antibody (Ab5612, Millipore, Massachusetts, USA) diluted 1:100 in PBS + 1% bovine serum albumin (BSA), and 2) mouse anti-citrullinated protein IgM monoclonal antibody (F95, kindly provided by A.P.Nicholas, University of Alabama, Birmingham, USA) diluted 1:1000 in PBS. Prior to blocking endogenous peroxidise with 1% H2O2, the cryostat sections were blocked with 10% pool serum in PBS when F95 was used. Finally, detection of primary antibodies was performed using respectively 1) a goat anti-Rabbit  (Dako, Glostrup, Denmark) diluted 1:50 in PBS + 1% BSA for Ab5612 and 2) a goat anti-Mouse IgM-HRP (Southern Biotech, Alabama, USA) diluted 1:500 in PBS + 1% AB serum for F95, followed by using a DAB kit (Dako, K3467). 

Cryostat sections of 6 clinically non-inflamed periodontal tissue samples and 4 synovial tissue samples of RA patients were stained for citrullinated proteins in a similar manner as periodontal tissue samples from periodontitis patients. Likewise, the buccal mucosal swabs, fixed in acetone, were stained. All tissue samples were hematoxylin and eosin (HE) stained. As control for false positive staining, all tissues were additionally stained using control primary antibodies (a mouse IgM isotype control for F95 (Southern Biotech, clone 11E10, 1:1000 in PBS) and rabbit IgG control for Ab5612 (Southern Biotech, nr. 0111-01, 1:100 in PBS + 1% BSA)), followed by identical detection procedures. Finally, the presence of citrullinated proteins in periodontitis tissue and synovium was analysed qualitatively, i.e. either present or absent.
To obtain information on cell types involved in the inflammatory periodontitis lesions, paraffin sections of periodontitis tissues were stained for CD3 (Monosan, Uden, Netherlands, clone PS1, 1:20; T-cells), CD20 (Dako, Glostrup, Denmark, clone L-26, 1:200; B-cells), CD138 ( IQ Products, Groningen, The Netherlands, clone B-A38, 1:80; plasma cells), CD68 ( Dako, clone KP1, 1:100; macrophages), CD1a ( Immunotech, Marseille, France, clone O10, R.T.U.; dendritic cells), CD31 (Dako, clone JC 70A, 1:40; endothelial cells) and toluidine blue (mast cells). Staining with antibodies was performed using standard methods as described by the manufacturers. 

Analysis of the periodontitis tissue samples

All positive cells were counted in 10 adjacent fields with a 40x objective (magnification 400x) per periodontitis tissue sample, after which medians and inter-quartile ranges of cell numbers were calculated for each cell type.

Statistical analysis

To explore factors possibly linked to the formation of citrullinated proteins in the periodontium, periodontitis patients whose periodontal tissue samples did and did not contain citrullinated proteins were compared with respect to age, sex, smoking, periodontitis severity (probing pocket depth) and the amounts of inflammatory cell types, using student t-test, Mann-Whitney U- and Chi-square tests as appropriate. Significance level α was set at 0.05 and subsequently corrected with Bonferroni-Holm correction for multiple comparisons.

Results

In stroma, citrullinated proteins were detected in 53% (n=8), 67% (n=10) and 80% (n=12) of periodontitis tissue samples using, respectively, Ab5612, F95, or either antibody (figure 2&3). Out of 6 control periodontal tissue samples, 2 tissue samples were from persons that had complained of pain and swelling in the previous weeks, although not clinically evident at the time of surgery. Citrullinated proteins were detected in stroma of these 2 controls only. In 1 of these 2 controls this was apparently associated with an inflammatory infiltrate. Thus, citrullinated proteins were detected in stroma of 33% (2 in 6) of control tissue samples. Citrullinated proteins were detected in 3 and 4 out of 4 synovial tissue samples of RA patients using Ab5612 or F95 respectively. The buccal mucosal cell swabs were positive for both antibodies (fig 4, only F95 shown). 

Only 3 out of 15 periodontitis patients were negative for citrullinated proteins, i.e. neither AB5612 nor F95 was positive in stroma. For these 3 patients, there were no macrophages (CD68) per visible field. In contrast, in citrulline positive patients (n=12) median number of macrophages per visual field was 2.0 with an interquartile range of 0 to 4.5 (p=0.011). This difference was not significant after correcting significance level α with Bonferroni-Holm correction for multiple comparisons, probably due to small numbers.

Likewise, there were no statistically significant differences in age, sex, smoking (current and pack years) and periodontitis severity between periodontitis patients whose stroma contained citrullinated proteins (using Ab5612, F95, or either antibody) and those whose periodontium did not.

In epithelium, citrullinated proteins were detected in periodontitis and control tissue samples whenever using Ab5612. In contrast, when using F95, epithelium stained positive in periodontitis tissue samples only.  

Discussion

To the best of our knowledge, this was the first study that showed citrullinated proteins are present in periodontal tissue (30) and this is the first full paper on this issue. Increased citrullinated protein presence (80%) was observed in stroma of periodontitis tissue compared to control tissue (33%) when considering either antibody (Ab5612 or F95) to be positive. Recently, our results have been confirmed by others in an abstract, i.e. showing citrullinated protein presence in 80% of periodontitis patients and 40% of healthy controls (31). In control periodontal tissue, citrullinated protein presence appeared to be associated with inflammation of non-periodontitis origin. Thus, citrullinated protein formation within the periodontal stroma appears to be an inflammation-depended process. This is in agreement with previous studies showing that the formation of citrullinated proteins in other sites of the human body is inflammation-driven (32).

Periodontal epithelium, whether inflamed or not, stained positive for Ab5612. Citrullinated protein detection in epithelium of periodontitis tissue samples could have been expected. In fact, the discovery of ACPA in 1964, then named anti-perinuclear factor for perinuclear staining pattern, was made on buccal mucosal cells (18). Filaggrin, a keratin binding protein abundantly present in epithelium, is known to bind ACPA (33). Citrullinated proteins have also been shown to be present in the epidermis (34). It has even been posed that citrullination plays an essential role in epithelial differentiation through integration and disintegration of keratin filaments. In other words, citrullinated proteins naturally occur in epithelial tissues. This study is the first to show the presence of citrullinated proteins in epithelium of periodontitis tissue samples. In periodontal epithelium, inflammation may lead to the formation of different types of citrullinated proteins (targeted by F95 and Ab5612) than the types of citrullinated proteins naturally present in (non-inflamed) periodontal epithelium (targeted by Ab5612 only). 

While positive staining for F95 appears to be restricted to inflamed periodontal epithelium, buccal epithelial cells of selected healthy controls also stained positive for F95. Buccal and sulcus epithelium constitute different epithelial types and are exposed to differencent local environmental influences within the oral cavity which may explain the observed differences in staining for F95. The presence of citrullinated proteins targeted by F95 in buccal mucosal cells is most likely physiologic and unrelated to ACPA associated aetiology of RA (35, 36). 

In contrast, the finding of citrullinated proteins in periodontitis tissue may be of particular relevance to solving the issues of how ACPA formation is initiated, and why ACPAs specifically target joints (fig. 1).  ACPA production shares genetic and environmental risk factors with periodontitis, namely HLA-DRB1 shared epitope and smoking (21-23). Auto-antibody production is a common event in periodontitis and can be found locally as well as in serum of periodontitis patients (27). The periodontium contains many of the cellular and structural components of a joint, in fact it is a fibrous joint called ghomphosis. Where other fibrous joints are only composed of bones and fibrous connective tissue, the periodontium is additionally composed of joint space (gingival sulcus or pocket) filled with fluid (gingival crevicular fluid) that is partially surrounded by epithelium. Thus, the periodontium is a fibrous joint that shares structural similarities with synovial joints. The periodontium contain collagens, proteoglycans and hyaluronic acid, major constituents of cartilage (37). When these extra-cellular matrix components are degraded by the activity of matrix metalloproteases and subsequently phagocytized by macrophages, as is the case in both RA and periodontitis, an auto-antibody response may be initiated in the periodontium targeting the same components in joints. In this respect it is striking that the number of macrophages in stroma of periodontitis tissue samples without detectable citrullinated proteins (n=3) is consistently zero, whereas their numbers are small, but almost consistently higher in stroma of periodontitis tissue containing citrullinated proteins. The presence of macrophages thus appears to be associated with citrullinated protein formation in periodontitis stroma, indicating the potential importance of macrophages in the formation of citrullinated proteins.
No significant differences were found with regards to any of the other investigated parameters between citrullinated protein positive and negative periodontitis stroma (i.e. age, severity of periodontitis, sex, and smoking). However, this may be due to the small number of patients. Many of the major auto-antigens targeted by ACPA in RA can be found within the periodontium. The periodontal epithelium contains keratin and filaggrin, and periodontal fibroblasts express vimentin. Although not examined in this study, these proteins might get citrullinated in periodontitis tissue, thus stimulating or initiating ACPA formation against these major auto-antigens in RA. 
Citrullinated α-enolase is considered to be another major autoantigen in RA. ACPA response to synovial citrullinated α-enolase may be induced by P. gingivalis produced citrullinated enolase in the periodontium, since both share a largely identical immunodominant epitope (24,25). Moreover, antibody titers to P. gingivalis are correlated with ACPA titers of RA patients (26). Thus, P. gingivalis may, either through PAD, citrullinated enolase or otherwise, contribute to inducing ACPA formation. 

Although this study is the first to show citrullinated protein presence in periodontitis tissue (30), ACPA presence and local ACPA formation in periodontitis tissue and peripheral blood were not assessed. Neither was P. gingivalis presence assessed. Thus, the most important focus of future studies should be on potential ACPA formation within periodontitis tissue. Other factors related to ACPA formation in periodontitis should also be assessed in studies with a larger sample size, i.e. smoking habits, the types of citrullinated proteins present as well as the specific role of P. gingivalis, the presence of HLA DR B1 shared epitope alleles and the role of auto-antibody producing plasma cells and collagen auto-immunity. 
In conclusion, citrullinated protein formation within the periodontal stroma appears to be an inflammation-depended process. In periodontal epithelium, inflammation may lead to the formation of different types of citrullinated proteins (targeted by F95) in addition to those naturally present in non-inflamed periodontal epithelium (targeted by Ab5612 only). Periodontitis is a chronic inflammation of tissue containing many of the structural components of joints, including collagen, and all the major auto-antigens targeted by ACPA (fig. 1). Furthermore, periodontitis is associated with auto-antibody producing B-cells. Thus, in the presence of HLA-DR B1 shared epitope and exposure to tobacco smoke, periodontitis is postulated to provide an environment capable of the initiation of an ACPA response that might specifically target citrullinated proteins in joints. 
Legends

Figure 1. Hypothetical model: periodontitis initiates ACPA formation. 

Periodontitis, together with exposure to tobacco smoke and PAD enzymes from P.gingivalis (a major pathogen causing periodontitis) may cause citrullination of joint-specific proteins, i.e. auto-antigens implicated in RA. In conjunction with the HLA-DRB1 shared epitope and exposure to tobacco smoke, an ACPA response could be initiated in the periodontium. Abbreviations: ACPAs: anti citrullinated protein antibodies; HLA-DRB1 se: human leukocyte antigen complex encoding for the peptide binding pocket of the DRB1 molecule; PAD: peptidyl arginine deiminase; P.gingivalis: Porphyromonas gingivalis; RA: rheumatoid arthritis.

Figure 2. Citrullinated proteins are present in periodontium of periodontitis patients and in synovium of RA patients using rabbit anti-citrullinated protein polyclonal antibody Ab5612, magnification 100x. 

A. Synovium of RA patient (blanc): No false positive staining for citrullinated proteins was shown using a rabbit IgG control followed by secondary antibody staining. B. Synovium of RA patient: Brown staining indicates the presence of citrullinated proteins using a rabbit anti-citrullinated protein polyclonal antibody (Ab5612) followed by secondary antibody staining. C. Periodontium of periodontitis patient (blanc): No false positive staining for citrullinated proteins was shown using a rabbit IgG control followed by secondary antibody staining. D. Periodontium of periodontitis patient: Brown staining indicates the presence of citrullinated proteins using a rabbit anti-citrullinated protein polyclonal antibody (Ab5612) followed by secondary antibody staining. 

 Figure 3. Citrullinated proteins are present in periodontium of periodontitis patients and in synovium of RA patients using mouse anti-citrullinated protein monoclonal antibody F95, magnification 100x.

A. Synovium of RA patient (blanc): No false positive staining for citrullinated proteins was shown using mouse IgM isotype control followed by secondary antibody staining. B. Synovium of RA patient: Brown staining indicates the presence of citrullinated proteins using mouse anti-citrulline antibody (F95) followed by secondary antibody staining. C. Periodontium of periodontitis patient (blanc): No false positive staining for citrullinated proteins was shown using mouse IgM isotype control followed by secondary antibody staining. D. Periodontium of periodontitis patient: Brown staining indicates the presence of citrullinated proteins using anti-citrulline antibody (F95) followed by secondary antibody staining.
  Figure 4. Citrullinated proteins are present in buccal epithelial cells of healthy subjects and in periodontal epithelium of a periodontitis patient using mouse anti-citrullinated protein monoclonal antibody (F95). 

A. Buccal epithelial cells of healthy subjects: The speckled cytoplasmic, perinuclear and nuclear brown staining, as originally described by Nienhuis and Mandema in 1964, indicates presence of citrullinated proteins (F95. magnification 400x). B. Periodontal epithelium of a periodontitis patient: Brown staining indicates presence of citrullinated proteins (F95. magnification 200x).
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Chapter 9

Summary

In the introduction (chapter 1) a brief history is described of research within the field of periodontal medicine, the field of research that is concerned with the link between periodontal and overall health. Although the thought of a potential link between oral and overall health is at least thousands of years old, the concept of the mouth posing an infectious burden endangering overall health is from a more recent date. Around 1900, extraction of teeth potentially posing an infectious burden was proposed to treat and prevent a great variety of diseases. However, in the following decades, it became apparent that extraction of teeth was an ineffective cure for most diseases. Thereupon the concept of the mouth posing an infectious burden endangering overall health was dropped for about half a century. In 1989, this concept gained new interest by studies showing a link between periodontitis and an increased risk for cardiovascular diseases. Although no longer considered a major cause of diseases, the chronic low-grade infection and inflammation, i.e. the inflammatory burden, associated with periodontitis are now thought to contribute to the rise and deterioration of a variety of other diseases. Currently, most evidence exists for periodontitis as a risk factor for diabetes mellitus type-2. Randomized controlled clinical trials and meta-analyses of these trails have shown that periodontitis treatment reduces the percentage of glycosylated haemoglobin (HbA1c). However, since several challenges as yet remain, whether periodontitis is a risk factor for diabetes is still not completely beyond doubt.


Challenges in establishing whether periodontitis should be considered as a risk factor for other diseases formed the inspiration for the studies described in this thesis. The overall aim of the studies described in this thesis was to assess the effects of the inflammatory burden posed by periodontitis on overall health, and more specifically on overall-health of diabetes type-2 and rheumatoid arthritis patients. 

Associations between periodontitis and cardiovascular and autoimmune diseases are most often assessed in patients with a particular cardiovascular or autoimmune disease. This approach carries the risk of selection bias, i.e. selected samples do not represent the general population and, therefore, observed associations cannot be generalized to the population as a whole. Furthermore, the magnitude of associations between periodontitis and cardiovascular and autoimmune diseases appear to differ between studies performed in different geographical locations, probably coinciding with differences associated with ethnicity. 

The study presented in chapter 2 assessed the existence of associations between periodontitis and cardiovascular and autoimmune diseases in a random sample of patients attending a dental or periodontal clinic in the North of the Netherlands, while controlling for the most important confounders. Data were collected from 1276 randomly selected dental records from patients attending a dental (n=588) or periodontal (n=688) clinic. Data on the prevalence of cardiovascular and autoimmune diseases were obtained from a validated health questionnaire. Data on the presence of periodontitis were taken from patients’ dental records. In uncontrolled analyses, the prevalence of hypertension, diabetes mellitus (DM) and rheumatoid arthritis (RA) was significantly increased in periodontitis patients. Controlled for confounding, periodontitis was associated with DM, with an odds ratio of 4.0 (1.03-15.3), in the dental clinic. DM was not associated with periodontitis in periodontal clinics. Hypertension did not appear to be associated with periodontitis when controlling for confounders. Periodontitis was shown to be associated with RA in both clinic types. From this study it was concluded that the increased prevalence of cardiovascular and autoimmune diseases among periodontitis patients attending dental or periodontal clinics appeared to be, at least in part, influenced by confounding. However, the increased prevalence of DM and RA in periodontitis patients in the North of the Netherlands could not be explained for by confounding.

The great variation in classifications of periodontitis and the lack of a measure that adequately assesses the inflammatory burden posed by periodontitis, is a major drawback of the studies published on the periodontal inflammation – systemic disease interaction. The study presented in chapter 3 describes the development of a new measuring tool quantifying the inflammatory burden posed by periodontitis; the periodontal inflamed surface area (PISA). The more inflamed periodontal tissue there is, the higher the inflammatory burden is assumed to be. Therefore, a literature search was conducted to look for a classification of periodontitis that quantified the amount of inflamed periodontal tissue. A classification that calculated the root surface area affected by attachment loss was found. By using tooth specific formula, linear clinical attachment loss (CAL) measurements of any given tooth could be transformed in to root surface area affected by attachment loss for that specific tooth. After calculation of the root surface area affected by attachment loss for a particular tooth, the PISA for that tooth can be calculated in three steps. First, recession measurements instead of CAL are entered into the formula, to calculate the root surface area affected by attachment loss. Second, subtracting the root surface area affected by recession from the root surface area affected by attachment loss, renders the root surface area covered with pocket epithelium. Third, as bleeding on probing (BOP) represents inflamed ulcerative pocket epithelium, multiplying the root surface area covered with pocket epithelium by the proportion of sites around each particular tooth that is affected by bleeding, renders the root surface area covered with inflamed pocket epithelium, the PISA. Finally, simply adding up the PISA for each tooth renders the total PISA within a patient’s mouth. PISA reflects the surface area of bleeding pocket epithelium in square millimetres, thereby quantifying the amount of inflamed periodontal tissue and the inflammatory burden. A Microsoft Excel spreadsheet was developed in order to aid in the calculation of PISA. By simply filling in CAL, recession and BOP measurements, PISA is automatically calculated. Because this spreadsheet is available online for free (www.parsprototo.info), PISA can be easily calculated and broadly applied. 

Using different periodontitis definitions may lead to differences in study results on the association between periodontitis and other diseases. The study presented in chapter 4 compared prevalence and severity of periodontitis in DM type 2 (DM2) patients to healthy controls, using different periodontitis definitions, including the newly developed PISA. No study had yet assessed the association between periodontitis and DM2 in Indonesia, while Indonesia is the 4th most populous country in the world and is in the top ten of countries with the highest number of DM patients in the world. Seventy eight DM2 patients and 76 healthy subjects underwent a full mouth periodontal screening, assessing probing pocket depth, gingival recession, plaque index and bleeding on probing. Using these measurements, periodontitis prevalence and severity were operationalized in various ways. Differences in periodontitis prevalence and severity between DM2 patients and healthy subjects were analyzed using univariate analyses. In regression analyses, periodontitis prevalence and severity were predicted on the basis of DM2 presence, controlling for confounders and effect modification. The results of this study showed that Indonesians with DM2 suffered from periodontitis more often and more severely than Indonesian healthy subjects. It may be concluded that the association between periodontitis and DM2 is robust, i.e. independent of confounding factors or the methods used to operationalize periodontitis. Furthermore, as most other methods used to operationalize periodontitis severity, PISA proved to be significantly greater in Indonesians with than Indonesians without DM2.  

To assess the potential of PISA to predict the inflammatory burden posed by periodontitis in DM2 patients, a dose-response relationship between PISA and HbA1c-levels was assessed in chapters 5 and 6. In the study presented in chapter 5, 132 healthy Indonesians and 101 Indonesians treated for DM2 were subjected to a full mouth periodontal examination including probing pocket depth, gingival recession, plaque index and bleeding on probing. In addition, HbA1c, glucose, c-reactive protein (CRP) and erythrocyte sedimentation rates (ESR) were assessed. A standardized questionnaire was used to assess smoking, body mass index (BMI), education and medical conditions. In regression analyses, it was assessed whether HbA1c was predicted by periodontitis severity, operationalized in various ways, and CRP, controlling for confounding and effect modification. The results of this study showed that PISA was the only measure of periodontitis severity that predicted HbA1c together with CRP, age, sex and smoking in healthy Indonesians. In Indonesians treated for DM2, PISA did not  predict HbA1c. It may thus be concluded that periodontitis may impair blood glucose regulation in healthy Indonesians through posing an inflammatory burden, as evidenced by the fact that PISA predicts HbA1c in conjunction with CRP. It may also be concluded that PISA reflects the inflammatory burden better than other measures of periodontitis severity, as several measures of periodontitis severity were used, and PISA was the only significant predictor of HbA1c. The potential effect of periodontitis on glucose control in DM2 patients may be masked by DM2 treatment. 

In the study presented in chapter 6, 40 consecutive dentate African-Americans with DM2 attending their general practitioner for regular check-up, underwent full mouth probing pocket depth and bleeding on probing assessment. From these data PISA was calculated. HbA1c-levels were retrieved from patients` medical files. The dose-response relationship between PISA and HbA1c-levels was assessed using multiple linear regression analyses, controlling for factors that might influence PISA or HbA1c-levels. Results showed that on a group level, an increase of PISA with 333 mm2 was associated with a 1.0 percentage point increase of HbA1c, independent of the influence of other factors. Such a dose response relationship between PISA and HbA1c may be an indication of a causal association between increasing severity of periodontitis and worsening of blood glucose control in DM2 patients. Furthermore, it may be an indication of the potential of PISA to predict the inflammatory burden posed by periodontitis.   

The study presented in chapter 2 pointed out an association between periodontitis and RA. Several other studies have also suggested that patients with RA have an increased prevalence and severity of periodontitis. Moreover, few studies even pointed out that treatment of periodontitis in RA patients might reduce RA disease activity. Therefore, the study presented in chapter 7 aimed to systematically review the available evidence on the prevalence and severity of periodontitis in RA patients and the potential of periodontitis treatment to reduce RA disease activity. Sensitive search strategies were designed aimed at including all relevant studies published from 1968 till 10-10-2010. Relevant studies performed in humans and published in the English language were included. The methodological quality of each study was graded as good, meeting all criteria appropriate for study design, fair, meeting a selection of key criteria guaranteeing fair validity, or poor, missing one or more key criteria. Studies with fair or good quality were included in a meta-analysis. Out of 798 articles initially retrieved, 9 case control studies and 2 randomized controlled trials had fair quality and were included in meta-analyses. Results of meta-analyses indicated that RA-associated odds ratios (95% confidence interval) of periodontitis range from 8.0 (3.1 to 20.9) to 13.2 (3.7 to 47.2) depending on the measure of periodontitis used. Moreover, treatment of periodontitis reduces DAS28 by 1.2 (95% confidence interval: 0.6 to 1.7). Thus, prevention and treatment of periodontitis in RA patients may be needed to safeguard oral health and may additionally reduce RA disease activity. However, given the lack of blinding in most studies and the large confidence intervals reported in our meta-analyses, there is a need for well-designed studies to confirm these findings.

Anti citrullinated protein antibodies (ACPAs) may play a role in the aetiology of RA. Periodontitis has been implicated as playing a role in the etiology of RA by causing ACPA formation, since the inflamed periodontium contains all of the ingredients necessary to induce ACPA formation. However, whether citrullinated proteins, the key ingredients, were present in periodontitis tissue was yet unknown. Therefore the study presented in chapter 8 aimed to assess the presence of citrullinated proteins in periodontitis tissue, as compared to their presence in control tissues. Thereto, periodontal tissue samples of 15 randomly selected periodontitis patients and 6 non-periodontitis controls, both without any other known diseases, were stained for the presence of citrullinated proteins using polyclonal (Ab5612) and monoclonal (F95) antibodies. Synovial tissue samples of four RA patients and buccal mucosal swabs of three healthy controls were used as control tissues. The results of this study indicated an increased citrullinated protein presence (80%) in periodontitis stroma as compared to control stroma (33%). In control tissue, citrullinated protein presence in stroma was associated with inflammation of non-periodontitis origin. Periodontal epithelium in periodontitis tissue always stained positive for Ab5612 and F95, while control periodontal epithelial tissue stained positive for Ab5612 only. Three out of 4 synovial tissue samples of RA patients and all buccal mucosal swabs of healthy volunteers, stained positive for both Ab5612 and F95. From this study it may be concluded that citrullinated protein formation within the periodontal stroma appears to be an inflammation depended process. In periodontal epithelium, inflammation may lead to the formation of different types of citrullinated proteins than the types of citrullinated protein present in non-inflamed periodontal epithelium. In the presence of HLA-DRB1 shared epitope and smoking, citrullinated proteins formed in association with periodontal inflammation may play a role in ACPA formation. 

In chapter 10 the implications of the various studies performed are discussed and perspectives for future research are given.
Chapter 10

General discussion

Chapter 1 describes how the past has shown that extraction of teeth was an ineffective measure to cure diseases. Although extraction of teeth affected by periodontitis might still be necessary in preventing potentially life threatening situations in a small and particular group of patients, e.g. patients whose immune system is severely comprised, these cases are the exceptions to the rule. Findings in this thesis should in no way be seen as promoting teeth extraction to benefit overall health, turning the clock back to the beginning of the 1900s. The chronic low grade infection and inflammation through which periodontitis may contribute to the development and deterioration of cardiovascular and auto-immune diseases should be seen in a different light. Increased awareness among dentists, doctors and the public at large of the potential of periodontitis to pose a chronic inflammatory burden that may contribute to the development of cardiovascular and auto-immune diseases, accompanied by simple preventive measures as maintaining proper oral hygiene, appear a far more sensible way of promoting overall and oral health than extraction of teeth.   

Associations have been reported between periodontitis and a large spectrum of other diseases. These associations are at least in part based on the fact that factors like lifestyle and genes cluster together and exert a negative effect on oral as well as overall health. Therefore, causality should not be automatically assumed. However, observed epidemiological associations can and should not directly be thought to be non-causal in nature either. These obvious facts are stated here, as often a division is encountered among professionals. This division separates the believers from the non-believers, the former believing periodontitis may pose a threat to overall health, while the latter do not. With the threat of again stating the obvious, science is not concerned with belief and should not be. Rather, careful exploration of the existence and nature of associations between periodontitis and other diseases should take place.

Ideally, a large prospective cohort study of a representative sample of the general population would follow-up progress (incidence) of periodontitis and other diseases, while at the same time recording potential risk factors to oral and overall health (e.g. genes, socioeconomic status, smoking, oral hygiene levels, diet, age and sex). The fact that conducting such studies is no utopia is evidenced by the “LifeLines” study currently conducted by the University Medical Center Groningen. The “LifeLines” study will follow-up three generations of people living in the North of the Netherlands for up to thirty years in order to identify factors involved in the initiation and progression of diseases. This study provides a unique opportunity to elucidate the nature of the associations between periodontitis and other diseases by simply including oral health data.
In chapter 2, association were observed between periodontitis and diabetes, rheumatoid arthritis, hypertension and stroke, in a sample of the population in the North of the Netherlands. Even if these associations are the result of confounding, periodontitis should at least be considered as a risk indicator of diabetes, rheumatoid arthritis, hypertension and stroke. Recognizing periodontitis as a risk indicator could aid in the prevention and treatment of diabetes, rheumatoid arthritis, hypertension and stroke, and may thereby promote both oral and overall health of our patients. While associations with hypertension and stroke appear to be non-causal in nature, periodontitis might be causally associated with DM and RA. DM and RA patients may be at increased risk of periodontitis development, or of developing more severe periodontitis. Alternatively, periodontitis may be a risk factor for development or deterioration of DM and RA. 

When performing the study described in chapter 2 and looking at the literature, it quickly became apparent that a large variety of methods was used to define periodontitis as a risk factor for other diseases. None of the measures quantified the amount of inflamed periodontal tissue, while the inflamed periodontal tissue is assumed to pose an inflammatory burden. Thus, the higher the amount of inflamed periodontitis tissue is, the higher the inflammatory burden is thought to be.

Therefore, a measure quantifying the amount of inflamed periodontal tissue was created in the study presented in chapter 3. The periodontal inflamed surface area (PISA) quantifies the amount of inflamed periodontal tissue as the surface area of bleeding pocket epithelium. PISA is easily calculated by filling in common clinical measures of periodontitis in a freely available online spreadsheet. PISA is thought to be to best tool yet available to quantify the inflammatory burden posed by periodontitis. Broad application of PISA within the field of periodontal medicine could solve the problems of the incomparability of research results and may thus provide decisive conclusions on periodontitis as a risk factor for other diseases. An additional advantage of the PISA is that it can be retrospectively calculated using existing research data containing CAL, recession and BOP measurements. 

However, PISA should not be considered as a panacea, i.e. an ideal measure that solves all problems associated with defining periodontitis as a risk factor for other diseases. To begin with, PISA may not precisely represent the amount of inflamed periodontitis tissue due to measurement errors, usage of population based mean values of root surface areas, and the fact that periodontitis is a three dimensional, rather than two dimensional process. Apart from these quantification issues, the premise that more inflamed periodontal tissue equals a greater threat to overall health needs a stronger empirical basis. The type of inflammation may for example be more important in causing other diseases than the amount of inflamed periodontal tissue (PISA). Certain cells, proteins (e.g. citrullinated proteins!) or inflammatory mediators might play a key role in causing other diseases. Furthermore, certain oral microorganisms (e.g. p.gingivalis) might play a key role in causing other diseases. Future studies should assess the role of specific inflammatory mediators or microorganisms in causing other diseases. Finally, future studies should analyse construct validity by means of correlating PISA with measures of the activity, severity or presence of other diseases. 

In addition to research purposes, PISA has found it’s way into clinical practise. The fact that periodontitis often goes unnoticed may play a role in patients’ lack of motivation to seek or comply with periodontitis prevention and treatment. PISA can be used to illustrate the gravity of periodontitis to patients, by simply pointing out the size of the wound that lies hidden beneath their gums. In the Netherlands, PISA is already integrated into Exquise, Vista- and Novadent, software programmes commonly used by dentists to organize daily patient care. When recording periodontal measurements in these programmes, PISA is automatically calculated. 

The study presented in chapter 4 assessed prevalence and severity of periodontitis in Indonesian DM type 2 (DM2) patients as compared to healthy controls, using different periodontitis definitions, including PISA. No study had yet assessed the association between periodontitis and DM2 in Indonesia, while Indonesia is the 4th most populous country in the world and is in the top ten of countries with the highest number of DM patients in the world. Asians constitute approximately 60% of the world’s current population. As the world is becoming a global village, migration will increasingly cause communities to be composed of a mixture of ethnic groups. As our patients will increasingly be of different ethnic origins, ethnicity associated differences in health and disease will become relevant to us all. Indonesians with DM2 suffered from periodontitis more often and more severely than Indonesian healthy subjects, independent of confounding factors or of the definition used for periodontitis. Thus, the association between periodontitis and DM2 in Indonesia appears to be robust.

As a proof of concept of the potential of PISA to predict the inflammatory burden posed by periodontitis, a dose-response relationship between PISA and HbA1c-levels was assessed in two studies presented in chapters 5 and 6. In chapter 5 PISA was the only measure of periodontitis severity that predicted HbA1c together with CRP, age, sex and smoking in healthy Indonesians. Thus, periodontitis may impair blood glucose regulation in healthy Indonesians through posing an inflammatory burden, since PISA predicts HbA1c in conjunction with CRP. Furthermore, PISA reflects the inflammatory burden better than other measures of periodontitis severity, as several measures of periodontitis severity were used, and PISA was the only significant predictor of HbA1c. In Indonesians with DM2, PISA did not predict HbA1c, nor did any other measure of periodontitis severity. 
In chapter 6 a decrease of PISA with 333 mm2 was associated with a 1.0 percentage point decrease of HbA1c, in a group of 40 African-American DM2 patients from Curacao. A 1.0 percentage point decrease of HbA1c may appear small, however such a decrease in DM2 patients has reportedly been associated with a 10% reduction of DM2 associated early mortality. Since the observed association appeared to be independent of the influence of confounding factors, the dose response relationship between PISA and HbA1c may be an indication of causality. However, our results may also imply type-2 diabetics with poor glycemic control (high HbA1c) might be more likely to develop severe periodontitis (high PISA). Whether periodontitis deteriorates glycemic control or diabetes causes periodontitis (or both), measures that safeguard periodontal health may need to become part of regular care of patients with poorly controlled type-2 diabetes. Moreover, PISA appears to be a valuable tool to assess dose-response relationships between the amount of inflamed periodontal tissue and a well defined disease measure as HbA1c.


The results of chapter 5, showing PISA does not predict HbA1c in Indonesians with DM2, appear to be in sharp contrast with the results of chapter 6, showing PISA does predict HbA1c in African-Americans with DM2. It appears that other factors may influence the potential effect of PISA on HbA1c. The results of chapter 5, showing PISA does not predict HbA1c in Indonesians with DM2, appear to be in sharp contrast with the results of chapter 6, showing PISA does predict HbA1c in African-Americans with DM2. It appears that other factors may influence the potential effect of PISA on HbA1c. First, many of the Indonesian DM2 patients used insulin, while none of the African-American DM2 patients used insulin. As insulin is a potent blood glucose regulator, normally reserved for treatment of DM type-1, effects of PISA on HbA1c may have been masked in Indonesian DM2 patients. Second, the average BMI of DM2 patients from Curacao was 31, while the average BMI of Indonesian DM2 patients was substantially lower, namely 25.Wellicht is de BMI een effect modificator, maw een hoge BMI versterkt het mogelijke insuline resistentie inducerende effect van parodontitis. A higher BMI may increase the potential insulin resistance inducing effect of periodontitis in DM2 patients. ThirdDaarnaast is er het voor de hand liggende verschil in de etniciteit tussen de twee groepen.ThirdT, there is the obvious difference in ethnicity between the two groups, i.e. one of Javanese origin and the other of African-American origin. Mogelijke verschillen in (gezondheidsbevorderend) gedrag, dieet en genen, die samen hangen met het verschil in etniciteit, zouden deze tegenstrijdige resultaten mogelijk kunnen verklaren.Possible differences in (health promoting) behaviour, diet and genes, related to the differences in ethnicity, may explain these conflicting results. Future studies should assess the role of effect modifiers like medication, BMI and ethnicity on the association between periodontitis and DM2.

With the mounting evidence of a causal association between periodontitis and poor blood glucose control, large randomized placebo controlled clinical trials should establish the benefit of periodontal treatment (reducing PISA) to glycemic control (reducing HbA1c) in DM2 patients. In addition, studies are needed to confirm that PISA quantifies the inflammatory burden posed by periodontitis, by assessing dose-response relationships between PISA and blood levels of inflammatory mediators as TNF-α, IL-6 and IL-1. Finally, a program may have to be developed that prevents (ideally) or treats (if necessary) periodontitis in DM2 patients. Future studies should explore costs and benefits of such a program. 

In addition to DM2, the study presented in chapter 2 pointed out an association between periodontitis and RA. Since other studies had also suggested that RA patients have an increased prevalence and severity of periodontitis, and periodontitis treatment may reduce RA disease activity, the study presented in chapter 7 systematically reviewed the available evidence on associations between periodontitis and rheumatoid arthritis. There is fair evidence of an RA associated increased periodontitis prevalence compared to healthy controls. Moreover, there is fair evidence of periodontitis treatment reducing RA disease activity. Fair evidence indicates not all criteria appropriate for study design were met by studies included in the meta-analysis, however no criteria guaranteeing at least fair validity were missed. However, a lack of reporting inclusion rates and more importantly, a lack of blinding, was observed in many of the included studies. Since selection of study participants may be assumed to have taken place without prior knowledge of periodontal status, thus avoiding selection bias, this was not considered a threat to the validity of our results. However, even though measuring probing pocket depth is a pretty straightforward procedure, lack of blinding to rheumatic status in clinicians assessing probing pocket depth could have lead to observer bias. Therefore, whether the evidence from our meta-analysis should strictly be taken as fair or poor is debatable. 

Regardless of these evidence classification issues, there appears to be a lot of room to improve the strength of the evidence on the association between periodontitis and rheumatoid arthritis. Future case control studies should 1) include all rheumatoid arthritis patients (including edentulous patients), 2) report inclusion rates, 3) blind the clinician evaluating periodontal status to rheumatoid arthritis disease status and 4) use uniform continuous measures for periodontitis, like PISA. Future randomized controlled clinical trails should 1) blind both the clinician evaluating rheumatoid arthritis disease activity, as well as the person performing statistical analyses, for periodontitis treatment status, and 2) try to include some form of placebo treatment that does not counter periodontitis (e.g. rinsing the mouth with a placebo solution). 

Notwithstanding the need for additional studies and some residual biases that carry risks of both over- and underestimating the present results, our systematic review revealed that there appears to be a need to prevent and treat periodontitis in RA patients to improve and preserve oral health. Additionally, periodontitis treatment caries the potential to reduce RA disease activity. 

Antibodies targeting citrullinated proteins, ACPA, are highly specific for rheumatoid arthritis and are suspected of playing a role in the etiology of rheumatoid arthritis. To further explore the potential underlying mechanism of the observed association between periodontitis and RA, the study presented in chapter 8 sought to assess the presence of citrullinated proteins in periodontitis tissue. To the best of our knowledge, the study presented in chapter 8 was the first that showed citrullinated proteins are present in periodontal tissue. Citrullinated proteins naturally occur in epithelial tissues. In periodontitis affected epithelium, inflammation may lead to the formation of different types of citrullinated proteins (targeted by F95) in addition to those naturally present in non-inflamed periodontal epithelium (targeted by Ab5612 only). The formation of citrullinated proteins within the periodontal stroma, appears to be strictly inflammation depended. 
The finding of citrullinated proteins within periodontitis tissue is of particular relevance as it might be ACPA formation is initiated in periodontitis tissue, thus implicating periodontitis in the etiology of RA. Periodontitis is a chronic inflammation of tissue containing many of the structural components of joints, including collagen, and all the major auto-antigens targeted by ACPA; i.e. the periodontal epithelium contains keratin and filaggrin, and periodontal fibroblasts express vimentin. Although not examined in this study, these proteins might get citrullinated in periodontitis tissue, thus stimulating or initiating ACPA formation against these major auto-antigens in RA. Furthermore, periodontitis is associated with auto-antibody producing B-cells. Thus, in the presence of HLA-DRB1 shared epitope and exposure to tobacco smoke, periodontitis is postulated to provide an environment capable of the initiation of an ACPA response that might specifically target citrullinated proteins in joints. 

However many issues as yet remain unresolved. First, although ACPA formation occurs years before the clinical onset of RA and ACPA presence signifies a more destructive arthritis, the exact role of ACPAs in the etiology of RA remains to be determined. ACPA formation may be an epiphenomenon, i.e. coinciding with the true underlying cause of RA. Although almost all patients with ACPAs have or will develop RA, a substantial proportion of RA patients goes without detectable ACPA formation. Thus, ACPA formation is no conditio sine qua non in the development of RA. Second, although it is postulated that periodontitis may be the best candidate to elicit ACPA formation, no evidence of local ACPA formation has yet been presented. Thus, local ACPA production within periodontitis tissue should be the main focus of future research. Other factors related to ACPA formation in periodontitis tissue should also be assessed; i.e. smoking habits, the types of citrullinated proteins present as well as the specific role of P. gingivalis, the presence of HLA-DRB1 shared epitope alleles and the role of auto-antibody producing plasma cells and collagen auto-immunity. Future studies should address all these issues.
Epilogue

In many ways periodontitis is a unique form of infection. A mineralized structure (the tooth) pierces through epithelium into the oral cavity, exposing part of the tooth to outside influences, while another part is embedded in connective tissue. Bacteria colonize the tooth surface. Unlike epithelial surface areas of the human body, no shedding of the surface takes place, making the tooth a stable surface area. The tooth surface knows no blood supply, hindering an adequate defense against microorganisms. To make matters worse, bacteria that colonize the tooth surface are organized in a biofilm, a microenvironment that promotes accumulation and proliferation of bacteria. The biofilm is fairly insensitive to external influences. This biofilm in turn stands in direct contact with the periodontal pocket epithelium. Thus, periodontitis is a form of chronic infection and inflammation that may be particularly suited to contribute to the development or deterioration of other diseases. 

Since it is the chronic low-grade infection and inflammation associated with periodontitis that is thought to pose a threat to overall health, the periodontal inflamed surface area (PISA) appears the best way to define and quantify periodontitis as a risk factor for other diseases. It’s usage additionally carries the advantages of being able to show patients the size of the wound that lies hidden beneath their gums, thus potentially aiding in treatment motivation. 

Most diseases have a multifactorial etiology, meaning that there is more than one cause for the emergence of the disease. Although periodontitis should not be regarded as the main cause of other physical ailments, the chronic low-grade infection and inflammation associated with periodontitis are thought to constitute a risk factor for overall health, at least for patients with DM2 and potentially for patients with RA. 

Part of the observed association between periodontitis and other diseases may be the result of confounding. Rather than a risk factor, periodontitis should be considered as a risk indicator of such diseases. It is important to recognize that diseases cluster together, interact and share common risk factors. Such pattern recognition can aid in the prevention and cure of diseases and may promote both oral and overall health of our patients. In an age of increasing super specialization of both dentists and physicians, we should not loose sight of the forest called patient in favour of the trees, branches and leaves. The mouth is an integral part of the human body and the strict demarcation between the work of medical doctors and dentists in this context is unfortunate. The future could see an intensive collaboration between medical doctors and dentists taking place, although for some this may be a jaw dropping experience.
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Figure 1: The Location of the Gingival Margin determines how PESA is calculated.
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List of Abbreviations: 


AL= Attachment Level; ALSA= Attachment Loss Surface Area; CAL= Clinical Attachment Level; 


CEJ= Cemento-Enemal Junction; LGM= Location of Gingival Margin;


PESA= Periodontal Epithelial Surface Area; PISA= Periodontal Inflamed Surface Area; 


PPD= Probing Pocket Depth, RSA= Recession Surface Area
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r2 linear Model A: 0.175


r2 linear Model B*: 0.367
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Figure 1. Hypothetical model: periodontitis initiates ACPA formation. Periodontitis, together with exposure to tobacco smoke and PAD enzymes from P.gingivalis (a major pathogen causing periodontitis) may cause citrullination of joint-specific proteins, i.e. auto-antigens implicated in RA. In conjunction with the HLA-DRB1 shared epitope and exposure to tobacco smoke, an ACPA response could be initiated in the periodontium. Abbreviations: ACPAs: anti citrullinated protein antibodies; HLA-DRB1 se: human leukocyte antigen complex encoding for the peptide binding pocket of the DRB1 molecule; PAD: peptidyl arginine deiminase; P.gingivalis: Porphyromonas gingivalis; RA: rheumatoid arthritis.








Figure 3A. Synovium of RA patient (blanc): No false positive staining for citrullinated proteins was shown using mouse IgM isotype control followed by secondary antibody staining. 3B. Synovium of RA patient: Brown staining indicates the presence of citrullinated proteins using mouse anti-citrulline antibody (F95) followed by secondary antibody staining. 3C. Periodontium of periodontitis patient (blanc): No false positive staining for citrullinated proteins was shown using mouse IgM isotype control followed by secondary antibody staining. 3D. Periodontium of periodontitis patient: Brown staining indicates the presence of citrullinated proteins using anti-citrulline antibody (F95) followed by secondary antibody staining.








Figure 2A. Synovium of RA patient (blanc): No false positive staining for citrullinated proteins was shown using a rabbit IgG control followed by secondary antibody staining. 2B. Synovium of RA patient: Brown staining indicates the presence of citrullinated proteins using a rabbit anti-citrullinated protein polyclonal antibody (Ab5612) followed by secondary antibody staining. 2C. Periodontium of periodontitis patient (blanc): No false positive staining for citrullinated proteins was shown using a rabbit IgG control followed by secondary antibody staining. 2D. Periodontium of periodontitis patient: Brown staining indicates the presence of citrullinated proteins using a rabbit anti-citrullinated protein polyclonal antibody (Ab5612) followed by secondary antibody staining. 








Figure 4A. Buccal epithelial cells of healthy subjects: The speckled cytoplasmic, perinuclear and nuclear brown staining, as originally described by Nienhuis and Mandema in 1964, indicates presence of citrullinated proteins (F95. magnification 400x). 4B. Periodontal epithelium of a periodontitis patient: Brown staining indicates presence of citrullinated proteins (F95. magnification 200x).
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