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Abstract (English) 

Periodontitis represents an inflammatory trigger of the immune defense induced by 

microorganisms. Thus, interactions with other chronic disorders are likely. We have 

analysed the prevalence of comorbidities in 1199 consecutive patients (median age: 49, 

range: 14-93 years; f:m ratio=1:0.9) and compared it with the general Austrian 

population. Moreover, the influence of comorbid conditions on the treatment response 

was analysed. Comorbidities were found in 821/1199 (68.5%) patients (1, n=364; 2, n= 

198; 3, n=125; 4, n= 66; ≥5, n= 25). Allergies had the highest frequency (29.2%) followed 

by hypertension (19.4%), musculo-skeletal (17.2%), endocrine (11.2%), psychiatric 

(9.7%), and pulmonary disorders (8.5%). The body mass index (BMI) was higher in 

coronary vascular disease (CVD), hypertension, hyperlipidemia, diabetes mellitus, 

hyperuricemia, osteoporosis, musculo-skeletal, endocrine, and ophtalmologic disorders 

(p<0.05). In CVD, hypertension, hyperlipidemia, diabetes mellitus, and hyperuricemia 

there was a male predominance (p<0.05). Females presented more often with allergies, 

varicosity, headache, endocrinologic, psychiatric, and musculo-skeletal disorders 

(p<0.05). Most comorbidities did not influence the characteristics of periodontitis i.e. 

aproximal plaque index (API), papillary bleeding index (PBI), maximal pocket depth, 

purulent or non-purulent. Only in individuals with pulmonary disorders the API was 

higher (i.e. 72% versus 63%, p<0.05). Compared with an age and sex matched group of 

the general Austrian population the number of individuals with allergies (29.2% vs 

22.9%) and pulmonary disorders (8.5% vs 4.3%) was significantly (p<0.05) higher in 

patients with periodontitis. On the other hand, asthma (1.5% vs. 5.6%), CVD (1.8% vs. 

10.5%), depression (7.1% vs. 10.4%), headache (1,3% vs. 20%), hyperlipidemia (6.4% 

vs. 14.8%), hypertension (14.2% vs. 24.5%), musculo-skeletal disorders (11.2% vs. 

41.7%), and osteoporosis (2.8% vs. 5.1%) had a significant lower prevalence (p<0.05). 

No differences in the percentage of individuals with cancer (3.3% vs. 3.4%), diabetes 

mellitus (5.9% vs. 6.1%), gastroenterological disorders (7.5% vs. 7.0%) and psychiatric 

disorders (excluding depression; 9.2% vs. 10.4%) were observed (p>0.05). Comorbidities 

and smoking had only limited effects on the response to non-surgical therapy of 

periodontitis in our study cohort. Interestingly, patients with diabetes had an improved 

response to therapy. Together, the majority of patients with periodontitis present with 

comorbidities. Moreover, the prevalence of allergies, pulmonary disorders, CVD, 

depression, headache, hyperlipidemia, hypertension, musculo-skeletal disorders, asthma, 

or osteoporosis differs significantly from the general Austrian population.  
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Abstract (German) 

Parodontitis ist ein bakteriell verursachtes chronisch entzündliches Geschehen, das mit 

systemischen Erkrankungen interagieren kann. In dieser Studie wurde die Prävalenz von 

Komorbiditäten in 1199 konsekutiven Patienten (medianes Alter: 49, Range: 14-93 Jahre; 

f:m-Ratio=1:0.9) erhoben und mit der österreichischen Bevölkerung verglichen, wie auch 

deren Bedeutung für den Therapieverlauf untersucht. Bei 68.5% (821/1199) konnten 

Komorbiditäten erhoben werden (1, n=364; 2, n= 198; 3, n=125; 4, n= 66; ≥5, n= 25). 

Allergien (29.2%) waren am häufigsten, gefolgt von Hypertonie (19.4%), 

muskuloskeletalen (17.2%), endokrinologischen (11.2%), psychiatrischen (9.7%) und 

pulmonalen Erkrankungen (8.5%). Bei Patienten mit koronarer Herzerkrankung (KHK), 

Hypertonie, Hyperlipidämie, Diabetes mellitus (DM), Hyperurikämie, Osteoporose 

sowie endokrinologischen,  muskuloskeletalen und ophtalmologischen Problemen fanden 

sich signifikante Unterschiede im Body Mass Index (BMI) zur Kontrollgruppe (p<0.05). 

Der Anteil der Männer war bei KHK, Hypertonie, Hyperlipidämie, DM und 

Hyperurikämie signifikant erhöht und vice versa der der Frauen bei Allergien, 

Varikositas, Kopfschmerzen und endokrinologischen, psychiatrischen sowie 

muskuloskeletalen Erkrankungen. Abgesehen von einem signifikant höheren 

Approximalraum-Plaque-Index (API) bei pulmonalen Erkrankungen zeigten sich keine 

Unterschiede in API, Papillenblutungsindex (PBI), maximaler Sondierungstiefe oder 

Suppuration. Verglichen mit einer alters- und geschlechtsgemachten Kohorte der 

österreichischen Bevölkerung war die Prävalenz von Allergien (29.2% vs. 22.9%) und 

pulmonalen Erkrankungen (8.5% vs. 4.3%) bei Parodontitis höher (p<0.05), vice versa 

die von Asthma (1.5% vs. 5.6%), KHK (1.8% vs. 10.5%), Depressionen (7.1% vs. 

10.4%), Kopfschmerzen (1,3% vs. 20%), Hyperlipidämie (6.4% vs. 14.8%), Hypertonie 

(14.2% vs. 24.5%), muskuloskeletalen Erkrankungen (11.2% vs. 41.7%), und 

Osteoporose (2.8% vs. 5.1%) niedriger (p<0.05). Keine Unterschiede zeigten sich bei 

Malignomen (3.3% vs. 3.4%), DM (5.9% vs. 6.1%), gastroenterologischen (7.5% vs. 

7.0%) und psychiatrischen Erkrankungen (ausgenommen Depressionen; 9.2% vs. 10.4%; 

p>0.05). Bei DM zeigte sich ein besseres Ansprechen auf die Therapie, sonst fanden sich 

keine Effekte der Komorbiditäten auf den Therapieverlauf. Zusammenfassend finden sich 

bei der Mehrheit der Patienten mit Parodontitis Komorbiditäten. Die Prävalenz von 

Allergien, pulmonalen Erkrankungen, KHK, Depressionen, Kopfschmerzen, 

Hyperlipidämie, Hypertonie, muskuloskeletalen Erkrankungen, Asthma, und 

Osteoporose differieren signifikant im Vergleich zur österreichischen Bevölkerung.  
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1. Introduction 

 

1.1. Periodontitis 
 

Periodontitis is an infectious-inflammatory disease affecting the periodontal tissues. 

Microorganisms including Aggregatibacter actinomycetemcomitans, Porphyromonas 

gingivalis, Tannerella forsythia, Treponema denticola or Fusobacterium nucleatum that 

are part of the oral biofilm and are found in subgingival plaque adhering to the sulcular 

gingiva initiate the disease [1-4]. The pathogenesis involves a complex 

immune/inflammatory cascade. In contrast to simple gingivitis, which is limited to the 

soft-tissue of the gingival epithelium and connective tissue, periodontitis is an 

inflammation of the supporting tissues of the teeth leading to a progressive attachment 

loss and bone destruction [1-3].  

According to the model for gingivitis and periodontitis of Page & Schroeder, that was 

postulated in 1976, four different stages of the disease can be distinguished. The initial 

lesion – usually developing within 2-4 days - represents the response of gingival tissues 

to an accumulation of microbial plaque. Microbial secretion triggers local cells including 

the junctional epithelium cells, fibroblasts and neurons to produce cytokines and 

neuropeptides, respectively [1,4] and induce an acute exudative vasculitis. Typical 

findings are a dilatation of local blood vessels with elevated vascular permeability. This 

results in migration of neutrophils and monocytes towards the site of inflammation in 

response to the chemotactic stimulus and the formation of loosely scattered infiltrates of 

leukocytes.  

After approximately one week, early stages of gingivitis can be detected which 

corresponds with the early lesion and reflects the reaction to ongoing plaque 

accumulation. Recognition of microorganisms and foreign substances lead to the release 

of mediators to attract phagocytes [5-8]. Several mediators from inflammatory tissue 

cause an increased dilatation of local blood vessels. Thereafter, the number of neutrophils 

increase further and more macrophages, mast cells as well as a few plasma cells appear 

in gingival tissue. The inflammatory process proceeds with the activation of complement 

cascade and the formation of biologically active proteins, including complement 

component (C) 3a, C4a and C5a that attract monocytes, lymphocytes and neutrophils, 

respectively [9]. Other functions of complement proteins are the direct killing of certain 

bacteria [4,9]. Mast cell activation and histamine release contributes to the vasodilatation 
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and increases the blood flow as well as the recruitment of phagocytes [10,11]. Signs of 

gingival inflammation including bleeding are the characteristic clinical findings at this 

stage of the disease [3,4]. The inflammatory process results in degeneration of fibroblasts, 

destruction of collagen and the proliferation of junctional and sulcular epithelium. 

Histologically epithelial proliferations forming rete pegs or ridges are seen [1]. Moreover, 

clinically in an increase of the crevicular fluid occurs.  

As a next step, the cellular and humoral immune defence is activated and macrophages, 

T-lymphocytes and plasma cells are dominant [3,5-7]. The further infiltration with 

inflammatory cells with predominance of plasma cells in the absence of significant bone 

loss reflects the progression of the disease from an early lesion to an established lesion.  

Typically, this takes place within 2 to 3 weeks. Tissue remodelling with increased 

collagenolytic processes but also increased collagen production by fibroblasts and 

epithelial proliferation is seen. Importantly the junctional and sulcular epithelium form a 

pocket epithelium containing large numbers of neutrophil granulocytes. This established 

lesion can remain stable for years or decades and is completely reversible if treated 

appropriately. So far, it is unclear which factors are responsible for conversion of a stable 

lesion into a progressive destructive lesion. Changes in the bacterial composition of the 

biofilm, the response to the inflammation by the host, environmental factors, and genetic 

reasons are discussed.  

The stage of the advanced lesion represents the transition from gingivitis to 

periodontitis also called destructive phase [3]. A severe gingivitis with gingival bleeding 

as well as colour and contour changes are the typical clinically findings. The collagen 

destruction proceeds into the periodontal ligament and the bone. Finally, an irreversible 

inflammation-induced attachment-loss and bone-loss occurs [12]. According to recent 

published data, the underlying mechanism is an imbalance between osteoblast- and 

osteoclast-activities caused by bacterial products and inflammatory cytokines [13]. 

Likewise, leukocytes are known to produce inflammatory mediators, like interleukin (IL)-

1, IL-6, IL-11, IL-17, tumor necrosis factor alpha (TNF-alpha) and prostaglandin E2 

(PGE2) [4,14]. These cytokines affect the expression of receptor activator of nuclear 

factor kappa-B ligand (RANKL) and osteoprotegerin (OPG) on osteoblasts resulting in 

an elevated expression of RANKL at sites of periodontitis, while in contrast OPG levels 

are decreased. Moreover, also activated T cells express RANKL and thus contribute to 

the high levels of RANKL in the affected tissue. RANKL is known to induce 

differentiation of osteoclasts from their precursor cells as well as to activation of mature 
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osteoclasts while its counterpart OPG has an inhibitory effect on growth, differentiation 

and activation of these cells [15]. The imbalance of the RANKL/OPG system leads to 

increased numbers of osteoclasts and their activation and thus to the destruction of the 

bone at sites of periodontitis [16]. Other mediators of tissue destruction are the matrix 

metalloproteinases (MMPs), a family of zinc dependent enzymes involved in the 

destruction of soft and hard tissue related to periodontal inflammation. A large number 

of different cells including neutrophils, macrophages, osteoclasts, fibroblasts and 

endothelial cells secrete these MMPs upon inflammatory stimuli [17].  

Together, periodontitis represents a continuous inflammatory trigger of the immune 

defense. Therefore, the interaction with other chronic disorders affecting the immune 

system are likely and the interplay of periodontitis with comorbidities including diabetes, 

cardiovascular disorders, or rheumatoid arthritis is of particular importance in these 

patients.  

 

1.2 Comorbidities and Periodontitis 
 

Indeed a large number of reports have shown and/or discussed an interaction of 

periodontitis and systemic disorders that could affect the course of the systemic disease. 

There is evidence that periodontitis is associated with a number of systemic disorders 

including diabetes mellitus, rheumatoid arthritis, metabolic syndrome, and cardiovascular 

disorders. Moreover, data are available indicating that periodontitis, obesity, diabetes 

mellitus, and atherosclerosis have a common pathophysiologic background, i.e. oxidative 

stress and mitochondrial dysfunction [18]. A summary of interactions between 

periodontal disease and systemic disorders or pregnancy and vice versa can be found in 

table 1.1 and 1.2 located at the end of chapter one.  

 

1.2.1 Diabetes Mellitus 

The pathophysiologic background of the disease includes a dysregulation of the insulin 

and glucagon secretion of the pancreatic islet cells (alpha and beta), a peripheral insulin 

resistance and an inadequate insulin secretion to utilize the glucose [19]. In Type 1 

diabetes, an autoimmune process damages the pancreatic islet cells. After destruction of 

more than 80% of the beta cells, deficiency of insulin leads to the manifestation of the 

disease. The patients are insulin-dependent from diagnosis. In Type 2 diabetes, a 
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disequilibrium of glucagon and insulin and an insulin resistance results in the 

manifestation of the disease. Here in the beginning the insulin is not reduced. Thus, the 

disease can be controlled using dietary measures and insulin sensitizers. Later on 

pancreatic insufficiency has to be treated by drugs stimulating the secretion of insulin. In 

the end stage of the disease destruction of beta cells leads to insulin deficiency and the 

patients become insulin dependent. The diagnostic finding in cases with diabetes is the 

elevated fastening glucose (<126 mg/dl) in the plasma.  The disorder is a leading cause 

of morbidity linked to micro and macro-angiopathy including arterial occlusive disease 

(AOD), end-stage renal failure, retinopathy and peripheral neuropathy in developed 

countries and emerging economies [19].  

Hyperglycemia-induced reactive oxygen species (ROS) are known to initiate 

molecular events like epigenetic changes that promote NF-B activation in “in vitro” 

experiment and animal models leading to tissue damage [20,21]. Moreover, there is an 

increase in free fatty acids, which can influence the inflammatory response, cytokine 

production, and cell surface marker expression in gingival fibroblasts [22].  

Hyperglycemia also induces an irreversible non-enzymatic glycation of proteins and 

lipids leading to the formation of advanced glycation end-products (AGEs) as well as the 

increase expression of the receptor for advanced glycation end-products (RAGE) [23]. 

AGEs exert pro-inflammatory/oxidant effects or interact with cell surface markers 

resulting in cellular stress [23]. The serum levels of AGEs were also associated 

significantly with the extend of the periodontal disease in individuals with diabetes type 

2 [23,24]. The interaction between RAGE and its ligands including AGE leads to pro-

inflammatory gene activation [25]. Therefore, due to an enhanced level of AGEs and 

RAGE in diabetes there is a promotion of inflammatory reactions [23-26]. 

Moreover, RANKL and the RANKL to OPG ratio are higher in the gingival crevicular 

fluid in poorly controlled diabetic patients with periodontitis compared to well-controlled 

or non-diabetic individuals with a similar periodontal status as shown in a number of 

studies [27,28]. Therefore, one could speculate, that hyperglycemia modulates the 

RANKL/OPG ratio resulting in enhanced alveolar bone destruction in diabetes 

[23,27,28]. 

With regard to diabetes mellitus the concentrations of macrophage inflammatory 

protein-1, granulocyte-macrophage colony-stimulating factor, IL-6, TNF-alpha and IL-

12 were higher in diabetic compared to non-diabetic subjects [29]. This elevation of pro-

inflammatory mediators may trigger the gingival inflammation. Indeed several animal 
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models have shown this relation [21,30-32]. A number of papers have reported on the 

influence of diabetes on periodontal disorders. Likewise, the prevalence of periodontitis, 

and tooth loss was found to be elevated in patients with diabetes (type 1 and type 2) 

compared to control groups [22,32-35]. Other reports have shown that diabetes - 

particularly in case of poor glycemic control - is associated with an increased severity of 

periodontitis [36].  

Vice versa, periodontitis is an ongoing inflammatory process that may influence 

diabetic control. In response to the bacteria and their products the periodontal destruction 

results in local production of pro-inflammatory cytokines and pro-inflammatory 

mediators which could reach in other tissue through blood stream [37-39]. By this 

periodontitis influences systemic inflammatory conditions in individuals with diabetes 

and affects the pathologic course of the disease [40]. These data support the fact that 

diabetes and periodontitis are known to have a bidirectional relationship [28,41,42]. A 

scheme of probable relationships is depicted in figure 1.1. 

 Periodontitis is associated with increased oxidative stress [43]. Other studies have 

shown the elevation of circulating cytokines like IL-6, TNF-alpha increase the insulin 

resistance [44,45]. Both, the increased oxidative stress as well as the elevated cytokine 

levels result in an impaired glycemic control [44-47]. Therefore, the periodontal disease 

may have a significant impact on the metabolic state in patients with diabetes. Moreover, 

in women with a history of gestational diabetes periodontal disease may contribute to 

their impaired glucose metabolism and future risk of developing manifest diabetes [48]. 

Thus, it seems likely that the improvement of the periodontitis may improve the glycemic 

control in patients with diabetes. Indeed, various studies indicate that surgical or non-

surgical periodontal treatment is associated with improved glycemic control in type 2 

patients [49-57]. However, this cannot be generalized for all patients. Likewise, Tervonen 

et al. reported on a group of patients with diabetes type 1, where despite a significant 

resolution of periodontal infection, the majority of the subjects did not show any 

improvement in their glycemic control [58].  

 

1.2.2 Metabolic Syndrome 

Metabolic syndrome is a disorder characterized by abdominal (i.e. central) obesity, 

elevated blood pressure, elevated fasting plasma glucose, high serum triglycerides, and 

low high-density lipoprotein (HDL) levels.  To diagnose a metabolic syndrome three out  
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Figure 1.1 

 

This figure has been adapted from Taylor JJ et al. [24]. It shows potential mechanisms 

involved in the pathophysiology of the bidirectional relationship between periodontitis 

and diabetes. Hyperglycemia is known to induce irreversible advanced glycation end-

products (AGEs) as well as an up-regulation of their receptor RAGE. This results in a 

dysfunction of the cellular immunity and cells of the periodontium, a cytokine 

imbalance, as well as an enhanced level of reactive oxygen species (ROS). Moreover, 

hyperglycaemia also directly increases reactive oxygen species (ROS) and thus, 

generates a state of oxidative stress. Another pathway is the modulation of the 

RANKL/OPG ratio. Via these mechanisms, hyperglycemia promotes inflammation, 

enhanced periodontal tissue destruction and impaired tissue reparation. Several 

interactions between the RANKL/OPG axis, the AGE/RAGE axis, ROS and the 

inflammation/cytokine disequilibrium are bidirectional (shown by the overlap of the 

elements in the figure above).  

On the other hand, periodontitis is associated with increased oxidative stress and 

elevation of circulating cytokines like IL-6, TNF-alpha [43-45]. Both, the increased 

oxidative stress as well as the elevated cytokine levels result in an impaired glycemic 

control [43-47]. Therefore, the periodontal disease may have a significant impact on 

the metabolic state in patients with diabetes.   
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of these five medical conditions must be fulfilled [59-61]. Similar to diabetes, oxidativ 

stress seems to have a central role. [60-62]. Indeed, an interaction between severe 

periodontitis and the metabolic syndrome has been described [51,62]. An US analysis 

reported, that severe periodontitis is associated with metabolic syndrome in middle-aged 

individuals without history of smoking [61]. Another paper showed a small but 

statistically significant association between metabolic syndrome and periodontitis 

primarily in women [62]. However, it has to be mentioned that the individuals in the 

group with periodontal disease were older compared to the control group and gingivitis 

group [62].  

 

1.2.3 Cardiovascular Disorders 

Atherosclerotic cardiovascular disorders are a group of diseases that include coronary 

vascular disease (CVD) including the stable and instable acute coronary syndromes, 

ischemic cerebrovascular diseases including transient ischemic attack (TIA), prolonged 

ischemic neurological deficit (PRIND) and manifest stroke [63]. A statistically significant 

excess risk for atherosclerotic cardiovascular disease was reported in individuals with 

periodontitis from a number of studies [63-67]. An association between CVD and 

periodontitis was also seen in a study in monozygotic twins where one twin had CVD and 

the other twin had no clinical signs of disease [68]. In the affected individual the 

periodontal condition was worse compared to its sibling without CVD [68]. Inflammatory 

mechanisms are thought to link both, the periodontal disease and the CVD. Firstly, the 

chronic oral infection periodontitis induces an inflammatory response of the host by 

multiple mechanisms [69,70]. A number of biomarkers and increased systemic mediators 

of inflammation including c-reactive protein (CRP), fibrinogen, IL-4, IL-6, IL-18 but also 

platelet activating factor has been detected in periodontitis [70]. These mediators, if 

circulating in the blood stream could lead to inflammatory changes in endothelial cells 

like increased expression of adhesion molecules including intercellular adhesion 

molecule 1 (ICAM-1), vascular cell adhesion molecule-1 (VCAM-1), E-selectin and P-

selectin, and promotion of cytokine production. By this an initiation or acceleration of 

atheroma development can occur [70,71]. Secondly, the chronic inflammation could 

facilitate the entry of bacteria and/or their products into the blood stream [69,70]. Indeed 

there are reports that P. gingivalis and A. actinomycetemcomitans, bacteria known to be 

involved in periodontal disorders were found in atheromatous tissue [69,72-75]. Thus, a 

number of mechanisms could be responsible for an increased risk of atherosclerotic 
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cardiovascular disorders in patients with periodontitis. That periodontitis affects the 

peripheral vessels has recently been shown [76]. Patients suffering from severe chronic 

or aggressive periodontitis and periodontal healthy controls were evaluated by measuring 

pulse wave velocity augmentation index and pulse pressure amplification for their 

vascular health. Indeed, patients with periodontitis had a significantly impaired vascular 

health compared to the healthy controls [76].  

Finally, a point of interest was, if periodontal therapy could influence atherosclerotic 

cardiovascular disorders. In 2007 Tonetti et al. reported that intensive periodontal 

treatment resulted in acute, short-term systemic inflammation and endothelial dysfunction 

[75]. A follow up after 6 months clearly showed that the patients had a benefit in oral 

health associated with improvement in endothelial function [75].  In a systematic review 

D’Aiuto et al. demonstrated that treatment of periodontitis resulted in a reduction of the 

CRP and an improvement of the endothelial function [77]. Only limited evidence on the 

effects of periodontal therapy on clinical findings associated with atherosclerosis like 

arterial blood pressure or CVD events as well as laboratory findings like leucocyte counts, 

fibrinogen, TNF-alpha, sE-selectin, van Willebrand factors, or d-dimers were found [77]. 

In conclusion, so far, there are no periodontal intervention studies available, that have 

shown an effect of periodontal therapy on general atherosclerotic disease or 

atherosclerotic cardiovascular disease. Thus, it remains to be elucidated if adequate 

treatment of periodontitis will result in either increased or reduced CVD burden of 

patients suffering from periodontitis in the long term [77].  

 

1.2.4 Rheumatoid Arthritis 

Rheumatoid disorders comprise a heterogeneous group of autoimmune mediated 

inflammatory diseases including osteoarthritis (OA), rheumatoid arthritis (RA), lupus, 

ankylosing spondylitis, Sjogren's syndrome affecting the joints and/or connective tissue 

[78]. With regard to rheumatoid arthritis, an inflammatory disorder, which affects 

synovial membranes of multiple joints, leading to synovitis and destruction of cartilage 

and bone tissue an interaction with periodontitis has been described [78-85].  Both 

disorders, share many common pathologic, cellular, and molecular features and the 

mechanisms involved in the destruction of the adjacent connective tissues are quite 

similar [84-86]. Likewise, an excessive chronic inflammatory reaction with increased 

infiltration of T and B lymphocytes, neutrophils, and monocytes can be observed. [84-

87] The up-regulation of pro-inflammatory cytokines and increased expression of 
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RANKL by fibroblasts and lymphocytes leads to destruction of soft and hard tissues of 

the joints and alveolar bone and plays an important role in osteoclast formation in both 

the RA and periodontitis, respectively [88-91]. An important factor, linking both 

disorders are anti-citrullinated protein antibodies. They are highly specific for RA.   

 

Figure 1.3  

 

Porhyromonas gingivalis, a key oral pathogen, has the ability to citrullinate the proteins. 

This could result in the loss of immune tolerance against citrullinated antigens or 

amplification and acceleration of the autoimmune response in RA [92,93]. Moreover, data 

showing the presence of periodontal bacterial deoxyribonucleic acid in serum and 

synovial fluid in refractory rheumatoid arthritis patients suggest the possibility of 

organisms translocating from the periodontal tissue to the synovia [93,94]. On the other 

hand, there are data suggesting that RA can potentially induce or aggravate periodontitis 

 

This figure shows potential mechanisms involved in the pathophysiology of the 

bidirectional relationship between periodontitis and rheumatoid arthritis. Both 

disorders, share many risk factors. They have common pathologic, cellular, and 

molecular features as well as mechanisms involved in tissue destruction. This includes 

the up-regulation of pro-inflammatory cytokines and matrix metalloproteinases, the 

increased expression of RANKL [84-86,88-91].  Moreover, Porphyromonas gingivalis 

can citrullinate the proteins, resulting in the loss of immune tolerance against 

citrullinated antigens or amplification and acceleration of the autoimmune response in 

RA [92,93]. Other data show the presence of periodontal bacterial deoxyribonucleic 

acid in serum and synovial fluid in refractory rheumatoid arthritis patients [94]. 
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[85,95]. Likewise, the attachment loss was greater in patients with RA compared to non-

RA patients. Other studies showed, that the prevalence of severe periodontitis was higher 

in RA patients compared to healthy non-RA controls or that anti-cyclic citrullinated 

peptide positive RA patients were more likely to have periodontitis than controls suffering 

from OA. [96,97].  An interesting aspect is the question if treatment of the periodontitis 

could influence the RA and vice versa, since there could be a bidirectional relationship 

between the disorders. Indeed a number of studies provide evidence, that periodontal 

therapy and disease control ameliorates the severity of active rheumatoid arthritis [98-

100]. Only little has been published whether anti-rheumatic agents targeting common 

molecular pathways of inflammation in rheumatoid arthritis also affects the periodontal 

disease. Indeed, there are limited data, that anti-TNF-alpha agents can reduce local 

production of inflammatory cytokines and periodontal inflammation in RA patients with 

periodontitis [93].  

 

1.2.5 Pulmonary Disorders 

Chronic Obstructive Pulmonary Disease (COPD) is a chronic progressive 

inflammatory disorder leading to structural changes and narrowing of small airways and 

destruction of the lung parenchyma [101]. It belongs to the leading cause of death 

worldwide (place three) [101]. One of the major risk factors is smoking tobacco, other 

factors include chronic bronchitis, asthma/bronchial hyper-reactivity, a history of severe 

childhood infections, a low socioeconomic status, genetic disposition (e.g. 

mucoviscidosis), changes in lung growth and development, age and gender [101]. Apart 

from a slow progression of the disease and its symptoms, the clinical course is 

characterized by exacerbations i.e. acute episodes of worsening symptoms [101]. Most 

episodes of disease exacerbation are caused by infection by bacteria or viruses [101]. 

Other factors associated with exacerbation include the history of exacerbations, smoking 

habits, chronic inflammation, bacterial colonization and gastro-esophageal reflux disease 

[102-106].  

A number of studies have shown a higher incidence of periodontitis in patients with 

COPD compared to healthy individuals or patients without COPD [107-110]. All authors 

state that periodontitis is a risk factor for COPD [107-110]. A Chinese study showed that 

COPD was associated with a higher probing depth, attachment loss, plaque index, and 

alveolar bone loss [108]. A possible link between periodontitis and COPD could be 

circulating periodontitis-related antibodies, which have been shown to be an independent 
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predictor of frequent COPD exacerbations [110]. That periodontitis could be a risk factor 

for COPD has also been postulated in a Swiss study. Compared to non-COPD patients 

with other severe pulmonary disorders evaluated for lung transplantation, COPD patients 

had a higher prevalence of periodontitis [111]. However, the data available supporting an 

association of the disorders are limited and the studies investigating periodontitis and 

COPD remain preliminary [107]. The backbone of COPD treatment is the use of inhaled 

beta-2 agonists and corticosteroids [101]. Interestingly it has been published, that the 

prolonged use of beta-2 agonists is associated with the increased frequency of caries 

[112,113].  The use of beta-2 agonists is associated with a decreased production and 

secretion of salivary [113]. These changes result in a modified composition of the oral 

microbial flora (e.g. increase in lactobacilli and Streptococcus mutans) [113,114]. Inhaled 

corticosteroids are weak organic acids and generally are not metabolized by oral bacteria 

[112]. However, their topical effects result in an enhanced risk for oropharyngeal 

candidiasis [115]. Moreover, systemic effects of inhaled corticosteroids are known, 

continuous application of inhaled corticosteroids may impair bone metabolism resulting 

in a marked decrease in the mandibular bone mineral density [116,117]. These side effects 

of inhaled corticosteroids are also discussed for patients with asthma [118,119]. So far, 

no larger studies are available analyzing these effects of inhaled beta-2 agonists or 

corticosteroids on initiation or progression of periodontal disorders.  

Pneumonia is an infection caused by bacteria, viruses, and fungi. According to the 

setting of disease onset (in or outside hospital), community-acquired or hospital-acquired 

pneumonias are distinguished [120]. While no association between the oral microbial 

flora and community-acquired pneumonias has been found, there is a connection between 

the load of microorganisms in the oral cavity and hospital-acquired pneumonia 

[107,120,121]. Especially in patients, who require mechanical ventilation, infections of 

the lung, i.e. ventilation-associated pneumonias, are well-known complications [122]. In 

this regard, an improved oral hygiene has an important role in the prevention of hospital 

and in particular, ventilator acquired pneumonias. However, if the chronic periodontitis 

causes any increased risk of lung infections or vice versa remains unknown [107].  

 

1.2.6 Chronic Kidney Disease 

According the KDIGO (=kidney disease improving global outcomes) criteria chronic 

kidney disease (CKD) is defined as abnormalities of kidney structure or function, present 

for >3 months and based on cause, glomerular filtration rate (GFR) category (GFR<60 
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mL/min/1.73m²), and/or albuminuria category (CGA) (i.e. CGA >30 mg/d) [123]. Kidney 

failure is defined as GFR <15 mL/min/1.73m² [123]. The prevalence of CKD increases 

worldwide due to ageing, diabetes, hypertension, obesity, and cardiovascular disease 

[124]. In this regard, it is important to consider, that CKD and end stage renal disease 

(ESRD) are induced by a variety of disorders and/or dysregulations. Because of this 

complex pathogenesis the evaluation of CKD and its role for periodontitis is challenging 

[107]. Nevertheless, a number of studies have reported on interaction between CKD and 

periodontitis.  

Patients with CKD have a higher prevalence of periodontitis compared to non-CKD 

patients [125-128]. A number of factors have been proposed so far, to be responsible for 

the development or progression of periodontitis in these patients. Likewise, in patients 

with ESRD, uremia is associated with an altered cellular immune response and thus 

patients are more susceptible for inflammation like periodontitis [129,130]. A decreased 

salivary secretion and changes in its constituents including an increased pH, increased 

urea, calcium, and phosphate ions could be responsible for an increased calculus 

formation promoting periodontal disease [131-134]. There are also differences in the oral 

microbial flora between patients suffering from periodontitis with or without CKD. In 

patients with severe CKD (pre-dialysis) or ESRD Porphyromonas gingivalis, Tannerella 

forsythia, Treponema denticola and Candida albicans were more common than in control 

subjects [136]. These effects of CKD on periodontitis are more significant in patients with 

advanced CKD or ESRD than in mild CKD [128,135].  

Conversely, periodontitis is an infectious disorder and thus may have an impact on the 

CKD. Local immune response with inflammatory mediators, such as IL-1, IL-6, PGE2 

and TNF-alpha, periodontal pathogens and/or their products could spill into the 

circulation stimulating systemic acute phase and oxidative stress responses 

[128,136,137]. Due to the cross-sectional nature of the majority of studies, the higher 

prevalence of periodontitis in CKD compared to non-CKD patients mentioned above 

could also argue for these mechanisms [125-128]. In a small case series, CKD patients 

with periodontitis had an increase of circulating IL-6 and TNF-alpha compared to subjects 

with healthy teeth [138]. Moreover, in patients undergoing long-term hemodialysis severe 

periodontitis in contrast to mild periodontitis was associated with increased risk of death 

[139,140]. Interestingly, periodontal treatment reduced the signs of systemic 

inflammation in case series [141-143]. Whether this can be generalized, has to be proven 

in lager studies [128].  
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1.2.7 Pregnancy 

Adverse pregnancy outcomes (APOs) include low birth-weight (<2500 g), pre-term 

birth (<37 weeks), growth restriction, pre-eclampsia, miscarriage and/or stillbirth 

[144,145]. Three of these APOs, i.e. low birth-weight, pre-term birth and pre-eclampsia 

have been associated with maternal periodontitis [144,145]. In this regard, two pathways 

are discussed similar to other systemic interactions of periodontal disorders including 

diabetes, CVD, RA, COPD or CKD [107]. On one hand, local immune response with 

inflammatory mediators, such as IL-1, IL-6, PGE2 and TNF-alpha spilling into the blood 

stream could impact the foetal-placental unit (i.e. indirect pathway). On the other hand, 

periodontal pathogens and/or their products invading circulation possibly can reach the 

foetal-placental unit (direct pathway) [144,145]. Confirming the direct pathway data are 

available that microbial biofilms have been identified in a case of intra-amniotic infection 

with “amniotic fluid sludge” [146-150]. Moreover, in a first step mediators of 

inflammation and/or microbial products could circulate to the liver resulting in an 

enhanced production of cytokines and acute phase proteins there. Then, in a second step, 

these cytokines and acute phase proteins affect the foetal-placental unit [144].  

It also has to be considered, that pregnancy itself induces a number of changes in the 

organism. During the progress of the pregnancy, amniotic fluid levels of PGE2 and 

cytokines, such as TNF-alpha, and IL-1b rise steadily until a critical threshold level is 

reached to induce delivery [149]. With regard to bacteria, it is of note, that during 

pregnancy physiological hormonal changes induce an inclination to periodontal disease. 

In particular, a rise of anaerobic gram-negative agents including F. nucleatum, T. 

denticola, T. forsythia, and C. rectus occurs [151-152].   

In their review, Madianos at al. propose a model considering all the so far mentioned 

factors [145]. The pregnancy induced hormonal changes result in an inclination to 

periodontitis and/or the progression of periodontitis and increase vascular permeability. 

This facilitates the entrance of periodontal pathogens and/or their products into 

circulation. In addition, certain periodontal pathogens can permeabilize the endothelium 

and allow even other bacteria to penetrate. Therefore, the potential of bacteremia 

increases [145]. According to so far published data non-surgical periodontal therapy 

including scaling and root planing, does not alter rates of APOs in pregnant women with 

periodontitis [153]. 
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1.2.8 Other Disorders 

Analyzing “general health problems” in patients with periodontitis, a number of other 

problems or disorders are reported to have an association with or are influenced by the 

periodontal disorder as shown in table 1.1. On the other hand, a large variety of different 

risk factors or general health problems are under discussion to induce or promote 

periodontitis (Table 1.2). With regard to neurologic disorders, an interplay between 

periodontitis and mild cognitive impairment (MCI), Alzheimer disease (AD), multiple 

sclerosis (MS), and epilepsy have been proposed [107,154-156]. As stated by Lindhe et 

al.  the studies on MCI and AD and their association with periodontitis have a number of 

limitations. Thus, the evidence for an association of periodontal disease with MCI is weak 

and there is no evidence for a relation to AD [107]. An increase of periodontitis in females 

but not males with MS has been described, and a significant positive correlation between 

periodontal disease and seizure severity in patients with epilepsy [155,156]. Since 

periodontitis induces a chronic inflammation, interactions with other chronic 

inflammatory disorders have been proposed. Likewise, risk for psoriasis among patients 

with periodontal disease was increased [157]. Inflammatory bowel (IBD) disease is also 

of interest.  As shown in a case control study, IBD especially in patients with Crohn’s 

disease, is associated with periodontitis [158,159]. Conversely, changes in the oral 

microbial composition or cytokine concentration were found [160,161]. Moreover, reflux 

disease seems to be a risk factor for periodontal disorders [162,163].  Large studies have 

shown an association between chronic periodontitis and erectile dysfunction [164,165]. 

In this regard, elevated levels of TNF-alpha induced by the periodontal inflammatory 

seem to be the link between the two disorders. Several studies have proposed that TNF-

alpha is a key player in the induction of endothelial dysfunction [166,167]. Interestingly, 

patients with moderate to severe erectile dysfunction have increased serum levels of TNF-

alpha [166,168]. Moreover, TNF-alpha levels were associated inversely with sexual 

performance [166,168]. Finally, a study on patients with erectile dysfunction comparing 

periodontal treatment or no treatment showed that the treatment group benefited in the 

improvement of erectile dysfunction [166]. 
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1.3 Life Style Risk Factors (Smoking) 

 

Tobacco smoking is a major cause of many of the world’s deadly diseases, including 

CVD, COPD and lung cancer. Up to half of current users will eventually die of a tobacco-

related disease. Overall, smoking is responsible for the death of about 1/10 adults, 

worldwide accounting for a total number of six million people/year [169]. Approximately 

one person dies every six seconds due to tobacco [169]. The use of tobacco smoking is 

also the most important reversible environmental risk factor for periodontitis [170-172]. 

A number of local changes have been observed in smokers as compared to non 

smokers. Likewise, the microvascular density in “healthy” tissue is reduced, the oxygen 

concentration is reduced, the subgingival temperature is lower, and the recovery from 

vasoconstriction takes longer [173]. The alteration in the gingival microvasculature could 

explain the decreased bleeding tendency as well as the decreased clinical signs of 

inflammation seen in smokers.  

Several pathophysiologic mechanisms are known or are under discussion to mediate 

these adverse effects. A single puff of cigarette smoke contains up to 1017 oxidant 

molecules [174]. Reactive oxygen species can induce tissue damage either directly via 

increased oxidative stress, or indirectly by inducing a proinflammatory state [175]. 

However, whether there is increased generation of reactive oxygen species in the oral 

cavity is still unclear. Several studies observed an imbalance on oxidant-antioxidant 

levels that could contribute to periodontal tissue destruction [176]. Smoking also results 

in increased levels of several circulating enzymes, including myeloperoxidase, lysozyme, 

human neutrophil lipocalin and MMPs including matrix metalloproteinase 8 with tissue-

degrading potential [177,178]. These enzymes were elevated in gingival crevicular fluid 

and in periodontal tissues as well [178]. Moreover, in vitro data provide further evidence 

that cigarette smoke condensate increases collagen degradation from human fibroblasts 

[179]. Other in-vitro studies showed that smoke or its components alter the leukocyte 

function. There is a decreased chemotaxis, phagocytosis and respiratory burst but an 

increased degranulation and generation of eicosanoids [180, 181]. This could contribute 

to tissue destruction. Moreover, the humoral immunity is affected. Several studies have 

shown decreased levels of IgG, especially of the IgG2 subclass, in smokers [173]. IgE, 

on the other hand, has been shown to be elevated in smokers [173]. 
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Table 1.1 

Systemic disorders that are influenced by periodontitis and effects of periodontal disease 

on pregnancy  

Disorder Effect of periodontitis Literature 

Diabetes Inflammation increased oxidative stress and  

circulating cytokines (IL-6, TNF-alpha) resulting 

in an impaired of glycemic control  

37-45 

Metabolic syndrome Inflammation increased oxidative stress 51,62 

Cardiovascular 

disorders 

CRP, fibrinogen, IL-4, IL-6, IL-18, platelet 

activating factor increase expression of ICAM-1, 

VCAM-1, E-selectin and P-selectin 

Facilitation of bacteremia  

70-75 

Rheumatoid Arthritis Porphyromonas gingivalis induced loss of 

tolerance against citrullinated antigens  

Translocating of bacteria from periodontal tissue 

to synovia  

92-94 

Pulmonary disorders Circulating periodontitis-related antibodies are 

predictors of frequent COPD exacerbations 

110 

Chronic kidney 

disease 

IL-1, IL-6, PGE2 and TNF-alpha  can induce 

acute phase and oxidative stress responses 

Periodontal pathogens can induce acute phase and 

oxidative stress responses  

128, 136, 

137 

Pregnancy IL-1, IL-6, PGE2 and TNF-alpha can impact the 

foetal-placental unit (i.e. indirect pathway) 

Periodontal pathogens can reach the foetal-

placental unit (direct pathway) 

144, 145 

Neurologic disorders Conflicting data  (possible risk factor for seizures) 107,154-156 

Psoriasis Periodontitis increases risk for the disease  157 

Bowel disorders Crohn’s disease, is associated with periodontitis 158,159 

Erectile dysfunction TNF-alpha levels were associated inversely with 

sexual performance 

165 
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Table 1.2 

Influence of comorbid conditions as well as pregnancy on periodontitis 

Disorder Effect on periodontitis by Literature 

Diabetes ROS lead via NF-B to tissue damage 

Free fatty acids influence inflammation & cell 

surface marker expression in gingival fibroblasts 

Elevated AGEs and RAGE promote inflammation 

High RANKL/OPG ratio results in alveolar bone 

destruction  

22-28 

Rheumatoid 

Arthritis 

Induction of the attachment loss 

Anti-cyclic citrullinated peptide positive RA induces 

inclination to periodontal disease 

96,97 

Pulmonary 

disorders 

Beta-2 agonists increase frequency of caries, 

decreased salivary secretion, and modified 

composition of oral microbial flora  

Inhaled corticosteroids continuously used enhance 

risk for candidiasis and impair bone mineral density  

112-117 

Chronic kidney 

disease 

Uremia alters cellular immune response, decreases 

salivary secretion & changes composition and pH  

In severe CKD (pre-dialysis) or ESRD P. gingivalis, 

T. forsythia, T. denticola and C. albicans are more 

common 

129-134 

Pregnancy During pregnancy PGE2, TNF-alpha & IL-1b 

increase 

Hormonal changes induce an inclination to 

periodontal disease.  

A rise of anaerobic gram-negative bacteria is seen  

151 

Bowel disease Changes in oral microbial composition and cytokine 

concentration  

Reflux disease is a risk factor for periodontitis 

160-163 

ROS, Reactive oxygen species 
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1.4 Aims of the Analysis 

 

Only a few studies have analysed the differences in the prevalence of periodontitis 

between patients with particular disorders and healthy controls, so far. Likewise, the 

attachment loss was greater and the prevalence of severe periodontitis was higher in 

patients with RA compared to non-RA patients [96]. Moreover, anti-cyclic citrullinated 

peptide positive RA patients were more likely to have periodontitis than patients with 

OA. [96,97]. COPD was associated with a higher probing depth, attachment loss, plaque 

index, and alveolar bone loss and CKD had a higher prevalence of periodontitis compared 

to non-CKD patients [108,125-128]. Vice versa also only limited data exist on the 

prevalence of comorbidities in patients with periodontitis. In this regard, there are a 

number of open questions.  

The only study published so far on this topic is a retrospective analysis in patients seen 

at the Department of Dental Medicine of the Karolinska Institute (Huddige, Sweden) 

[182]. This paper analysed a total number of 325 patients with severe periodontitis and 

149 patients seen because of other dental problems but without periodontitis (i.e. 

periodontal diagnosis healthy or gingivitis). Of note, the individuals diagnosed with 

periodontitis were older compared to their controls and there were significantly more 

smokers in this group. Comparing the prevalence of comorbidities, patients with 

periodontitis had a higher number of cardiovascular disorders and diabetes mellitus than 

controls and a lower number of patients without comorbidities [182]. The percentage of 

patients with pulmonary disorders did not differ between the two groups. These data 

represent a large comparison between a population with periodontal disease and a control 

cohort without periodontitis. Thus, the results are of particular importance. However, the 

control cohort represents a randomly selected group of patients seen in the centre and is 

not representative for the general Swedish population. Therefore, although these data 

provide evidence on the association of periodontitis with systemic diseases like 

cardiovascular disorders a comparison between the frequency of comorbidities and risk 

factors between patients with periodontitis and the general population remains to be done. 

Moreover, the two groups were neither age nor sex matched. Thus, several questions 

remain open. Likewise, do comorbidities predispose to an earlier onset of infectious- 

inflammatory disease affecting the periodontal tissue? Are comorbid conditions found 

more often in a group of patients with periodontitis of younger age compared to the 

general population? Another point of interest is to analyse if there is an influence of 
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different comorbidities on the response to non-surgical therapy in patients with 

periodontitis.     

In the present study, we have analysed the prevalence of systemic disorders including 

allergy, diabetes, cardiovascular disorders, and pulmonary disorders in consecutive 

patients of the Department of Periodontology of the University Clinic of Dentistry 

(Bernhard Gottlieb Universitätszahnklinik) of the Medical University of Vienna. These 

data on comorbidities were compared with those of the general Austrian population as 

assessed in the “Österreichische Gesundheitsbefragung 2006/2007”. Moreover, clinical 

relevant parameters like maximal pocket depth at diagnosis (in mm), severity of 

inflammation at diagnosis (purulent or non-purulent suppuration), API, and PBI were 

recorded at diagnosis and in follow up to analyse the effect of various comorbidities on 

the treatment response.    
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2. Materials and Methods 

2.1 Patients 

The electronic data files of the Department of Periodontology of University Clinic of 

Dentistry (Universitätszahnklinik Wien) of Medical University of Vienna were searched 

for patients diagnosed and treated with periodontitis. Looking for files marked with 

“PARS” a total number of 1300 consecutive charts of patients seen between January 2006 

and April 2009 were identified. This period was taken, because the control cohort (i.e. 

Österreichische Gesundheitsbefragung 2006/2007) recorded at the same time. After 

reviewing 101 patients had to be excluded from further analysis because of incomplete 

documentation or not meeting the criteria of periodontitis (see flowchart in Figure 2.1). 

 

Figure 2.1 

 

 

Table 2.1 

 

Disease related factors recorded at diagnosis and at follow up 

Date of periodontitis diagnosis  

Severity of disease at diagnosis maximal pocket depth 

 severity of inflammation i.e. purulent or not 

purulent 

Disease indices aproximal plaque index (= API) 

 papillary bleeding index (= PBI) 

 

1300 available patients 
treated between

January 2006 and April 
2009

Patients without 
documented case history 

n=96

Patients not meeting the 
inclusion criteria for 

periodontitis n=5

1199 patients captured 
for analysis
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Table 2.2 

Patient related factors that were captured at diagnosis 

Parameter/subgroups Captured information 

Weight   kilogram (kg) 

Size   centimeters (cm) 

Age   years 

Sex  f/m 

Profession   

Smoking habits  
 never smoker  

former smoker 

 current smoker 

Alcohol consumption 

 regular 

sometimes  

never 

Hospital admissions within the last 12 months yes/no 

Comorbidities  yes/no 

Allergies  yes/no 

Cardiovascular 

disorders 

Coronary vascular disease yes/no 

Hypertension yes/no 

Peripheral & cerebral arterial occlusive disease  yes/no 

Hyperlipidemia  yes/no 

Pulmonary disorders  yes/no 

Gastroenterological disorders  yes/no 

Diabetes  yes/no 

Hyperuricemia  yes/no 

Endocrine disorders Hypothyreosis yes/no 

Other disorders yes/no 

Psychiatric disorders  yes/no 

Headache  yes/no 

Musculo-skeletal disorders other than osteoporosis yes/no 

Osteoporosis  yes/no 

Ophthalmologic disorders  yes/no 

Hematologic/hemostaseologic disorders yes/no 

Hematologic /Oncologic malignancies   yes/no 

Varicosity  yes/no 

Others (including infections, rheumatoid disorders) yes/no 
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From the remaining 1199 patients the data were captured in an electronic data-base 

(i.e. an Access file). Data entry was performed creating pseudonyms for each patient. A 

number of disease related parameters were recorded at diagnosis and during follow up.  

Detailed information on this provides in Table 2.1 and 2.2. Moreover, patients related 

factors like comorbidities, weight, size, smoking habits and alcohol consumption were 

recorded at the time of diagnosis as shown in Table 2.2. This study was approved by the 

ethical review board of the Medical University of Vienna (EK Nr: 1589/2014). 

 

 

2.2 Definition of the lesions of the periodontitis 

 

The periodontal disorders were classified according the definition of the World Health 

Organization (WHO) published in 1978 [183-185]. The details of the grading 

stratification for gingivitis and periodontitis used is shown in table 2.3. Only patients with 

a maximal probing depth of ≥3.5 mm were included in the analysis as patients with 

periodontitis.  

 

Table 2.3 

Periodontal screening record (PSR) for periodontal screening  

 Grade Probing 

depth 

BOP Calculus/overhanging margins of 

dental  restorations 

 0 <3.5 mm - - 

G
in

g
iv

it
is

 1 <3.5 mm + - 

2 <3.5 mm +/- + 

P
er

io
d

o
n

ti
ti

s 3 3.5-5.5 mm +/- +/- 

4 >5.5 mm +/- +/- 

*Furcation involvement, pathological tooth mobility, mucogingival problems  



Sperr M   

29 
 

Figure 2.2 a 

 

Figure 2.2.b 

 

Absolute number of individuals from the “Österreichische Gesundheitsbefragung 

2006/2007” in the various age groups 
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The probe was “walked around” the sulcus/pockets in each sextant. The highest score 

found in the checkup was recorded. The sextants were defined as 18-14, 13-23, 24-28, 

34-38, 43-33, 48-44.  

 

 

2.3 Control cohort 

 

The data of the general population of Austria (control group) was obtained from the 

“Österreichische Gesundheitsbefragung 2006/2007”. The “Österreichische  

Gesundheitsbefragung 2006/2007” collected self-reported health data in 15474 Austrian 

individuals. The f:m-ratio in these 15474 individuals was 1.21:1. The number of 

individuals in the various age groups (<20, 7%; 20-29, 13%; 30-39, 16%; 40-49, 19%; 

50-59, 15%; 60-69, 14%; 70-79, 10%; ≥ 80, 6%) is shown in figure 2.2a.. The frequency 

of selected disorders reported in this study can be found in figure 2.2b.  From this cohort 

we randomly assigned two control individuals for each patient with periodontitis. These 

individuals were age and sex matched and were living in the same area (Vienna, Lower 

Austria and the Burgenland) as the patients analyzed in this study. Moreover, they were 

corrected for smoking, alcohol consumption and education. Thus, the control cohort 

consisted of 2398 individuals and had the same demographic characteristics as the 

patients’ cohort.  

 

 

2.4. Statistical Analysis 

 

The data of patients with periodontitis including body mass index (BMI), smoking 

habits, alcohol consumption, number of female and male patients, as well as the 

prevalence of comorbidities collected at diagnosis were analysed by descriptive methods.  

To evaluate differences if numerical variables including age, BMI, disease related 

variables like maximal pocket depth, API, PBI captured at diagnosis, or the response to 

therapy with regard to maximal pocket depth, API and PBI among two groups 

(smokers/non-smokers, with or without a comorbidity ) the Mann Whitney U test was 

used for univariate analysis. This test was also used for the analysis of the time from 

diagnosis to re-evaluation in the patients with or without an optimal response. 
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In case a comparison of numerical variables including age, BMI, disease related 

variables like maximal pocket depth, API, PBI captured at diagnosis between three or 

more groups like patients who declared to never, sometimes or regular drink alcohol, 

patients with 1 to ≥6 comorbidities, with or without a particular comorbidity the Kruskal 

Wallis test was applied. This test was also used for the analysis of the response to non-

surgical therapy with regard to the difference in maximal pocket depth (percent or mm), 

API, and PBI in patients without comorbidities or a single comorbidity. 

Dichotomous categorical parameters like sex (females/males), the severity of 

inflammation (purulent/non-purulent), smoking habits (smokers/non-smokers), with or 

without a particular comorbidity and optimal or non-optimal response to therapy were 

analysed by Fisher's exact test for univariate analysis.  

In case of three or more categorical parameters like patients who declared to never, 

sometimes or regular drink alcohol or patients without comorbidities or a single 

comorbidity, the likelihood ratio test was applied.  

In analysis of the differences of age, BMI, f:m-ratio, maximal pocket depth, API, and 

PBI between patients with or without a particular comorbidity the results were adjusted 

for multiple comparisons according the method of Holm–Bonferroni.  

For multivariate analysis the logistic regression (binary or multi nominal) was used for 

the comparison of the patients’ characteristic and characteristics of the periodontal 

disease between smokers and non-smokers, patients who declared to never, sometimes or 

regular drink alcohol. A general linear model was applied in the multivariate analysis for 

the evaluation of the influence of comorbidities on the API, or the influence of 

comorbidities on the response to therapy with regard to the difference in maximal pocket 

depth (percent or mm), API, and PBI.  

To correlate the time from diagnosis to re-evaluation in patients with re-evaluation 

with the level of response (maximal pocket depth, API, and PBI) we used a linear 

regression.  

The descriptive statistic work up was done using Excel 2013 and PASW Statistics 18. 

The statistical tests mentioned above were done using PASW Statistics 18. To analyze 

the significance of differences in the prevalence of comorbidities between periodontitis 

patients and controls a conditional logistic regression model was used. This was done 

using Egret statistical software (by Univ. Prof. Dr. M. Kundi). For the preparation of the 

graphs we used Excel 2013 and Graph Pad Prism 5.   
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3. Results 

3.1 Patients’ Characteristics 
 

A total number of 1199 patients with periodontitis were analysed. There were 641 

females and 558 males with a respective f:m-ratio of 1:0.9. The median age of the entire 

cohort was 49 years, ranging between 14 and 83 years. Of these patients with periodontitis 

0.5% were less than 20 years, 6.5% 20 to 30 years, 17.6% 31 to 40 years, 29.9% 41 to 50 

years, 25.6% 51 to 60 years, 16.7% 61 to 70 years, and 0.3% more than 80 years. Thus, 

the majority of our study population (55.5%) was 41-60 years of age. Figure 3.1. shows 

the respective numbers of patients in the various age groups. 

 

Figure 3.1 

 

The median BMI in the whole group of patients was 24.6 with a range from 14.2 to 

46.3. According to the criteria of the WHO (underweight, BMI <18.5; normal weight, 

BMI 18.5-<25; overweight BMI 25-<30; obesity, BMI 30-<40, morbid obesity, BMI ≥40) 

established in 2008 51.6% of our patients were within the normal range, 2.5% had 

underweight, 32.8% overweight, 11.4% were obese, and 0.8% morbid obese [186]. The 

detailed number of patients per WHO category is shown in figure 3.2.  
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Figure 3.2 

 

3.2 Characteristics of Periodontitis 

 

Periodontitis was defined as at least one tooth with maximal probing depth ≥ 3.5 mm. 

Only patients who fulfilled this criterion were included in this study and analysed. The 

median maximal probing depth in our study population was 7 mm ranging from 3.5 to 12 

mm. Details are shown in figure 3.3. The number of patients with PSR 3 and 4 were 

18.1% and 81.9%, respectively. 

Indices applied in our cohort were the API and the PBI. Both were available in the vast 

majority of our patients (API, n=1127; PBI, n=1124). The median API was 64% with a 

range of 0-100% (Figure 3.4). The range of the PBI was 0-100% with a median of 17% 

(Figure 3.4).  To assess the severity of inflammation the presence or absence of purulent 

suppuration was recorded. Data on the crevicular fluid were available in all but 9 patients. 

In 14% (167/1190) a purulent suppuration was found and in 86% (1023/1190) of our 

patients the crevicular fluid was not purulent.  

 

  

 

Number of patients analyzed in our study categorized according their BMI into the 

different WHO groups (BMI <18.5, underweight; BMI 18.5-<25, normal weight; BMI 

25-<30, overweight; BMI 30-<40, obesity; BMI ≥40, morbid obesity). 
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Figure 3.3 

 

Figure 3.4 

 In this figure the 

API and PBI 

observed in our 

patients is shown. 

The dots represent 

single patients (API, 

green; PBI, red). 

The median is 

indicated by the 

black line, the 

whiskers represent 

minimum and 

maximum.    

 

 

 

This figure shows the number of patients with particular probing depth starting at 3.5. 

mm up to 12 mm. The largest groups were patients with 6/6.5 mm and 7/7.5 mm. 

0 50 100 150 200 250

3.5

4/4.5

5/5.5

6/6.5

7/7.5

8/8.5

9/9.5

10/10.5

11/11.5

12

Number of patients

M
ax

im
al

 p
ro

b
in

g 
d

e
p

th
, 

m
m

API PBI
0

10

20

30

40

50

60

70

80

90

100

P
er

ce
n

t

 

 

 

s 



Sperr M   

35 
 

3.3 Smoking habits and Alcohol Consumption in the Study Cohort 

  

Data on smoking habits were available in 1188 patients. At diagnosis, 36.4% 

(432/1188) declared to be current smokers and 63.6% (756/1188) to be non-smokers.  Of 

the later 203 (i.e. 26.9%) were former smokers. Figure 3.5 provides detailed information 

on the percentage of smokers, former smokers, and patients who never smoked. When  

 

Figure 3.5 

 

comparing demographic data between smokers and non-smokers significant differences 

were observed. The smokers were younger (46 vs 52 years), had a lower BMI (24 vs. 

24.9) and the percentage of males was higher (Table 3.1). These differences were found 

to be significant as assessed by uni- and multivariate analysis. With regard to the 

characteristic of the periodontitis the API was higher in patients who smoked (68 vs 61%) 

and the PBI was lower (12 vs. 18%). Again, the differences were significant as assessed 

by uni- and multivariate analysis.  The maximal probing depth was similar in both groups, 

the smokers and the non smokers (Table 3.1.)  

   

Numbers of patients that were current smokers, former smokers, or had no history of 

smoking at diagnosis of periodontitis 
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Table 3.1  

Comparison of the patients’ characteristic and characteristics of the periodontal disease 

between smokers and non-smokers  

Smoking habits Yes (n=432) No (n=759) 

Uni-

variate 

Multi-

variate 

Analysis 

Age, median (range) 46 (17-82) 52 (14-83) <0.051 <0.053 

BMI, median (range) 24.0 (17-44) 24.9 (14-46) <0.051 <0.053 

f:m-ratio 1:1.03  1:0.79  <0.052 <0.053 

Maximal probing depth, 

median (range) 
7.0 (4-12) 7.0 (3.5-12) n.s. 1 n.s. 3 

API, median (range) 68 (0-100) 61 (4-100) <0.051 <0.053 

PBI, median (range) 12 (0-100) 18 (0-100) <0.051 <0.053 

Severity of periodontitis Purulent  

Non 

purulent Purulent  

Non 

purulent   

 
57 

(13.2%) 

374 

(86.8%) 

110 

(14.7%) 

639 

(85.3%) 
- - 

BMI, body mass index; f:m-ratio, female to male ratio, n.s. not significant; 1Mann 

Whitney U test; 2Fisher's exact test; 3logistic regression 

 

 

With regard to alcohol consumption, data of 1189 patients were recorded. Of these, 

15.2% (181) declared to regularly consume alcohol and 36.4% (434) to consume alcohol 

sometimes. The rest 48.3% (574) denied to drink alcohol as shown in figure 3.6.  This is 

in line with data of the “Statistik Austria” of the year 2008 where 42% of the individuals 

declared to be abstinent and 58% to consume alcohol regularly or sometimes [187]. Apart 

from the maximal pocket depth no significant difference in the characteristics of the 

periodontal disease, i.e. API, and PBI could be found in patients who denied alcohol 

consumption, who declared to regularly drink alcohol or with sporadic alcohol 

consumption in uni- and multivariate analysis (Table 3.2). With regard to demographic 

characteristics of the three groups age and f:m-ratio differed significantly  with a higher 

percentage of males in the group with regular alcohol consumption (Table 3.2.). The 

group with regular alcohol consumption had the highest median age and there was a 
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higher percentage of males in contrast to the group who stated to never drink alcohol, 

which had the lowest median age and more females. The BMI was only significant 

different in uni- but not in multivariate analysis. 

 

Table 3.2  

Comparison of the patients’ characteristic and characteristics of the periodontal disease 

between patients who declared to regularly consume alcohol, patients who stated to 

consume alcohol sometimes and individuals who denied to drink alcohol.  

Alcohol Regular (n=181) 

Sometimes 

(n=434) Never (n=574) 

Uni-

variate 

Multi-

variate³ 

Analysis 

Age, median 

(range) 
51 (24-75) 49 (17-81) 48 (14-83) <0.051 <0.05 

BMI, median 

(range) 
24.9 (17-45) 24.8  (16-46) 24.2  (14-44) <0.051 n.s. 

f:m-ratio 1:2  1:1  1:0.6  <0.052 <0.05 

Maximal 

probing depth, 

median 

(range) 

7 (4-12) 7 (3.5-12) 7 (3.5-12) <0.051 <0.05 

API, median 

(range) 
66 (10-100) 63 (3-100) 63 (0-100) n.s. 1 n.s. 

PBI, median 

(range) 
15  (0-100) 14 (0-100) 18  (0-100) n.s. 1 n.s. 

Severity of 

periodontitis Purulent  

Non 

purulent Purulent  

Non 

purulent Purulent  

Non 

purulent   

N 

 (%) 

28 

(15.6) 

151 

(84.4) 

67 

(15.6) 

363 

(84.4) 

71 

(12.4) 

501 

(87.6) 
- - 

BMI, body mass index; f:m-ratio, female to male ratio, n.s. not significant; 1Kruskal Wallis 

test; 2likelihood ratio test, ³logistic regression  
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  Figure 3.6 

 

Figure 3.7 
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3.4 Type and Frequency of Comorbidities in the Patients with Periodontitis   

 

Comorbidities were found in 821 (68.6%) patients with periodontitis whereas 378 

(31.5%) did not report any comorbid condition. To calculate the number of comorbidities 

per patients, peripheral arterial occlusive disease (AOD), CVD, and hypertension were 

combined to the group cardio-vascular disorders. Patients without comorbidity 

represented the largest group (n=378), followed by the group with one known disorder 

(n=364), and then the patients with two (n=198), and three (n=125) comorbidities as 

shown in figure 3.7. Comparable to the general population the average number of 

comorbidities raised with the increase of age. Patients without comorbidities had the 

lowest median age with 45 years. By contrast, in the groups who reported ≥5 

comorbidities the median age was 60 years each.  Moreover, a steadily increase in the 

median age was observed the more comorbidities were found in the patients (Figure 3.8). 

The differences in age among the different groups were found to be statistically 

significant as assessed by Kruskal Wallis test (p<0.05). 

 

Figure 3.8. 
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Median age in patients without comorbidities and patients with 1, 2, 3, 4, 5, and ≥6 

comorbid conditions. The box represents the 25-75% percentile in each group, the 

horizontal line within the boxes defines the median and the whiskers represent the 

range. The differences were significant as assessed by Kruskal Wallis test (p<0.05). 
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With regard to particular health-problems, allergies were the most common 

comorbidity in our patients with periodontitis with a frequency of 29.2%.  Other disorders 

present in more than 70 individuals were hypertension (19.4%), musculo-skeletal 

disorders (17.2%), endocrine disorders (11.2%), psychiatric disorders (9.7%), and 

pulmonary disorders (8.5%). Disorders of particular interest, because a bidirectional 

interaction between periodontitis and the disease is under discussion, were coronary 

vascular disease and diabetes. Seventy patients (5.9%) had diabetes and 40 (3.4%) 

reported a history of CVD.  More data on the numbers of individuals with regard to their 

comorbidities, as well as patients without these disorders or in whom the state of disease 

was not reported is depicted in figure 3.9. From the patients summarized in other disorders  

 

Figure 3.9 

 

Frequency of particular disorders in our group of patients with periodontitis. The red 

bars represent the number of patients with the disorder, the blue bar the number of 

patients without the disorder and the light blue bar the number of individuals in whom 

the state of disease was not known.*i.e. non-malignant hematologic and 

hemostaseologic disorders. 
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(others) 30 had infectious disorders including hepatitis (n=17) and HIV (=human 

immunodeficiency virus; n=5), 28 had a neurologic disease including multiple sclerosis 

(n=11) and epilepsy (n=10), 15 had dermatological problems, 11 a deep vein thrombosis, 

and 20 male patients had problems with the prostate. 

 

3.5 Age, BMI and f:m-Ratio in Patients with and without Comorbidities  

 

Next we compared the characteristics of patients with or without particular 

comorbidities with regard to age, BMI as well as the f:m-ratio (Table 3.3-a,b,c,d). In the 

vast majority of comorbidities, the group with comorbid conditions were significant older 

compared to individuals without this disorder. Only among patients with allergies and 

headache, no differences in age were observed.  The BMI differed significantly among 

patients with or without CVD, hypertension, hyperlipidemia, diabetes mellitus, endocrine 

disorders, hyperuricemia, musculo-skeletal disorders, osteoporosis, ophtalmologic 

disorders and other disorders (Table 3.3-a,b,c,d). In almost all of these disorders, the 

group affected had a higher BMI compared to the non-affected individuals, except 

osteoporosis. In these patients, a lower BMI was seen. In peripheral arterial occlusive 

disease the BMI was also higher in patients with the disease compared to the groups 

without the disorder (27.1 versus 25.0), but due to the low number of patients with 

peripheral arterial occlusive disease (n=15) the level of significance was not reached. 

There was a female predominance in the whole group of patients with periodontitis 

analysed in this study with a f:m-ratio of 1:0.9. Compared to the whole group the 

percentage of males was significantly higher in CVD, hypertension, hyperlipidemia, 

diabetes mellitus, and hyperuricemia and higher without reaching significance in 

peripheral arterial occlusive disease (Table 3.3-a,b,c,d). Female patients were found 

significantly more often among patients with allergies, endocrinology disorders, 

psychiatric disorders, musculo-skeletal disorders, varicosity, and headache compared to 

the entire groups. A markedly but not significantly higher percentage of females was seen 

in patients with gastrointestinal disorders, osteoporosis, neoplasms, hemostaseologic or 

non-malignant hematologic disorders, and ophthalmologic disorders. In the groups with 

pulmonary disorders and other disorders the f:m-ratio was similar as in the whole groups 

of patients analyzed. Comparing age, BMI and f:m-ratio but also characteristics of the 

periodontitis (i.e. maximal pocket depth, API, PBI) among patients with and without a   
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Table 3.3-a 

Comparison between patients with periodontitis with and without particular 

comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

p-

value* 

Allergy (n=348)      

Age, median (range) 48 (22-82) 49 (14-83) n.s.1 

BMI, median (range) 24 (17-46) 24 (14-44) n.s.1 

f:m-ratio 1:0.63  1:0.99  <0.052 

Coronary vascular disease (n=40)     

Age, median (range) 63 (40-83) 48 (14-82) <0.051 

BMI, median (range) 26 (20-38) 25 (14-46) <0.051 

f:m-ratio 1:2.34  1:0.79  <0.052 

Hypertension (n=219)      

Age, median (range) 59 (30-83) 47 (14-79) <0.051 

BMI, median (range) 27 (14-45) 24 (15-46) <0.051 

f:m-ratio 1:1.3  1:0.79  <0.052 

Peripheral arterial occlusive disease (n=15)    

Age, median (range) 62 (53-77) 49 (14-83) <0.051 

BMI, median (range) 27.1 (21-35) 25 (14-46) n.s.1 

f:m-ratio 1:2  1:0.83  n.s.2 

Hyperlipidemia (n=76)      

Age, median (range) 60 (29-83) 48 (14-81) <0.051 

BMI, median (range) 26.7 (14.2-41) 24.4 (15.2-46) <0.051 

f:m-ratio 1:1.72  1:0.83  <0.052 

Pulmonary disorders (n=102)      

Age, median (range) 53 (22-83) 49 (14-82) <0.051 

BMI, median (range) 25.4 (17-44) 24.5 (14.2-46) n.s.1 

f:m-ratio 1:0.89  1:0.87  n.s.2 

BMI, body mass index; f:m-ratio, female to male ratio, n.s. not significant, 1Mann 

Whitney U test; 2Fisher's exact test;*adjusted for multiple comparisons according the 

method of Holmes–Bonferroni 
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Table 3.3-b 

Comparison between patients with periodontitis with and without particular 

comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

p-

value* 

Gastrointestinal disorders (n=90)     

Age, median (range) 55 (22-77) 48 (14-83) <0.051 

BMI, median (range) 24.7 (17-44) 24.6 (14.2-46) n.s.1 

f:m-ratio 1:0.56  1:0.92  n.s.2 

Diabetes mellitus (n=70)      

Age, median (range) 57.5 (30-79) 48 (14-83) <0.051 

BMI, median (range) 27.4 (14-44) 24.6 (15.2-46) <0.051 

f:m-ratio 1:1.7  1:0.84  <0.052 

Endocrinologic disorders (n=116)      

Age, median (range) 53 (24-83) 48 (14-82) <0.051 

BMI, median (range) 25.9 (17-44) 24.4 (14.2-46) <0.051 

f:m-ratio 1:0.27  1:0.98  <0.052 

Hyperuricemia (n=26)      

Age, median (range) 62 (38-77) 49 (14-83) <0.051 

BMI, median (range) 29.6 (21-44) 24.5 (14-46) <0.051 

f:m-ratio 1:5.55  1:0.84  <0.052 

Psychiatric disorders (n= 110)      

Age, median (range) 53.5 (19-79) 48 (14-83) <0.051 

BMI, median (range) 24.6 (18-41) 24.7 (14.2-46) n.s.1 

f:m-ratio 1:0.56  1:0.92  <0.052 

Musculo-skeletal disorders (n=134)     

Age, median (range) 59 (30-79) 48 (14-83) <0.051 

BMI, median (range) 25.9  (18.-44) 24.6  (14-46) <0.051 

f:m-ratio 1:0.56  1:0.92  <0.052 

BMI, body mass index; f:m-ratio, female to male ratio, n.s. not significant, 1Mann 

Whitney U test; 2Fisher's exact test;*adjusted for multiple comparisons according the 

method of Holmes–Bonferroni 
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Table 3.3-c 

Comparison between patients with periodontitis with and without particular 

comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

p-value* 

Osteoporosis (n=34)      

Age, median (range) 60 (47-75) 48 (14-83) <0.051 

BMI, median (range) 22.9 (20-41) 24.7 (14-46) <0.051 

f:m-ratio 1:0.36  1:0.90  n.s.2 

Neoplasms (n=40)      

Age, median (range) 60.5 (34-76) 48 (14-83) <0.0051 

BMI, median (range) 25.9 (20-44) 24.6 (14-46) n.s.1 

f:m-ratio 1:0.54  1:0.89  n.s.2 

Hemostaseologic or non-malignant hematologic disorders (n=14)  

Age, median (range) 51 (19-77) 49 (14-83) n.s.1 

BMI, median (range) 23.3 (17-30) 24.6 (14-46) n.s.1 

f:m-ratio 1:0.40  1:0.88  n.s.2 

Varicosity (n=72)  

Age, median (range) 59 (42-76) 49 (14-83) <0.051 

BMI, median (range) 25.2 (17-44) 24.5 (14-46) n.s.1 

f:m-ratio 1:0.39  1:0.92  <0.052 

Ophtalmologic disorders (n=73)      

Age, median (range) 56 (31-79) 49 (14-83) <0.051 

BMI, median (range) 25.9 (18-42) 24.5 (14-46) <0.051 

f:m-ratio 1:0.59  1:0.89  n.s.2 

Headache (n=16)      

Age, median (range) 46.5 (27-75) 49 (14-83) n.s.1 

BMI, median (range) 24.8 (18.-40) 24.6 (14-46) n.s.1 

f:m-ratio 1:0.24  1:0.88  <0.052 

BMI, body mass index; f:m-ratio, female to male ratio, n.s. not significant, 1Mann 

Whitney U test; 2Fisher's exact test;*adjusted for multiple comparisons according the 

method of Holmes–Bonferroni 
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Table 3.3-d 

Comparison between patients with periodontitis with and without particular 

comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

p-value* 

Other (n=205)      

Age, median (range) 53 (14-83) 48 (17-81) <0.051 

BMI, median (range) 25.9 (17-44) 24.6 (14-46) <0.051 

f:m-ratio 1:0.84  1:0.88  n.s.2 

BMI, body mass index; f:m-ratio, female to male ratio, n.s. not significant, 1Mann 

Whitney U test; 2Fisher's exact test;*adjusted for multiple comparisons according the 

method of Holmes–Bonferroni 

 

particular disorder the statistic results (i.e. p-values) were adjusted for multiple 

comparisons within a group according the method of Holmes-Bonferroni.   

 

3.6 Characteristics of Periodontitis in Patients with and without 

Comorbidities 

Evaluating the frequency of comorbidities among patients with comorbidities, we also 

analysed, whether there were differences with regard to characteristics of the periodontal 

disease. Therefore, periodontitis related markers like the maximal pocket depth, the API 

as well as the PBI were analysed in patients who were affected by a particular disorder or 

not (Table 3.4-a,b,c,d). In general almost none of the markers differed significantly 

between patients with or without comorbidities as assessed by univariate analysis that 

was adjusted for multiple comparisons within a group according the method of Holmes-

Bonferroni considering the maximal pocket depth, API, and PBI as well as patients related 

variables (i.e. age, BMI and f:m-ratio).  The only significant difference was observed 

regarding the API in patients with and without pulmonary disorders. In these patients, the 

API was significantly higher in the group with pulmonary disorders compared to the 

group without pulmonary disorders (i.e. 72% versus 63%, respectively, p<0.05).  This 

could be confirmed by multivariate analysis including allergy, coronary vascular disease, 

hypertension, hyperlipidemia, pulmonary disorders, gastrointestinal disorders, diabetes  
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Table 3.4-a 

Comparison of periodontitis related parameters between patients with and without 

particular comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

Uni-

variate1* 

Multi-

variate 

 Median Range Median Range Analysis 

Allergy (n=348)       

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 64 (11-100) 64 (0-100) n.s. n.s.2 

PBI 18 (0-96) 16 (0-100) n.s. - 

Coronary vascular disease (n=40)     

Maximal probing depth 6.5 (4-12) 7.0 (3.5-12) n.s. - 

API 70.4 (25-100) 64 (0-100) n.s. n.s.2 

PBI 14 (0-100) 16.7 (0-100) n.s. - 

Hypertension (n=219)       

Maximal probing depth 7.0 (4-12) 7.0 (3.5-12) n.s. - 

API 67 (10-100) 63.2 (0-100) n.s. n.s.2 

PBI 16 (0-100) 16.7 (0-100) n.s. - 

Peripheral arterial occlusive disease (n=15)    

Maximal probing depth 7.0 (4-12) 7.0 (3.5-12) n.s. - 

API 63 (33-100) 64 (0-100) n.s. n.s.2 

PBI 21 (0-83) 16.6 (0-100) n.s. - 

Hyperlipidemia (n=76)       

Maximal probing depth 7.0 (4-12) 7.0 (3.5-12) n.s. - 

API 71 (7-100) 63.3 (0-100) n.s. n.s.2 

PBI 20 (0-100) 16 (0-100) n.s. - 

Pulmonary disorders (n=102)      

Maximal probing depth 7.0 (4-12) 7.0 (3.5-12) n.s. - 

API 72 (18-100) 63 (0-100) <0.05 <0.052 

PBI 17 (0-100) 16.2 (0-100) n.s. - 

1Mann Whitney U test , 2 multivariate analysis using a general linear model, *adjusted 

for multiple comparisons according the method of Holmes–Bonferroni, ** not included 

in the multivariate analysis since interaction is unlikely 
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Table 3.4-b 

Comparison between patients with periodontitis with and without particular 

comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

Uni-

variate* 

Multi-

variate 

 Median Range Median Range Analysis 

Gastrointestinal disorders (n=90)     

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 68 (22-100) 63.5 (0-100) n.s. n.s.2 

PBI 17 (0-96) 16.4 (0-100) n.s. - 

Diabetes mellitus (n=70)     

Maximal probing depth 7.0 (4-12) 7.0 (3.5-12) n.s. - 

API 72 (29-100) 63.6 (0-100) n.s. n.s.2 

PBI 28 (0-100) 15 (0-100) n.s. - 

Endocrinologic disorders (n=116)     

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 63 (12-100) 64 (0-100) n.s. n.s.2 

PBI 17 (0-100) 16.6 (0-100) n.s. - 

Hyperuricemia (n=26)       

Maximal probing depth 7.0 (5-12) 7.0 (3.5-12) n.s. - 

API 69.8 (31-100) 64 (0-100) n.s. n.s.2 

PBI 23.3 (0-78) 15.9 (0-100) n.s. - 

Psychiatric disorders (n= 110)      

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 60.7 (0-100) 64.3 (3.6-100) n.s. n.s.2 

PBI 14.3 (0-95) 16.7 (0-100) n.s. - 

Musculo-skeletal disorders (n=134)     

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 60.7 (11-100) 64.3 (0-100) n.s. n.s.2 

PBI 17.9 (0-100) 15.8 (0-100) n.s. - 

1Mann Whitney U test , 2 multivariate analysis using a general linear model, *adjusted 

for multiple comparisons according the method of Holmes–Bonferroni, ** not included 

in the multivariate analysis since interaction is unlikely 
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Table 3.4-c 

Comparison between patients with periodontitis with and without particular 

comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

Uni-

variate* 

Multi-

variate 

 Median Range Median Range Analysis 

Osteoporosis (n=34)       

Maximal probing depth 6.0 (4-12) 7.0 (3.5-12) n.s. - 

API 64 (18-100) 64 (0-100) n.s. n.s.2 

PBI 20.0 (0-96) 16.2 (0-100) n.s. - 

Neoplasm (n=40)       

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 60.7 (26-100) 64 (0-100) n.s. n.s.2 

PBI 17.1 (0-75) 16.4 (0-100) n.s. - 

Hemostaseologic or non-malignant hematologic disorders (n=14)  

Maximal probing depth 7.0 (5-12) 7.0 (3.5-12) n.s. - 

API 60.7 (22-95.8) 64.1 (0-100) n.s. n.s.2 

PBI 21.7 (0-43) 16.5 (0-100) n.s. - 

Varicosity (n=72)       

Maximal probing depth 7.0 (4-12) 7.0 (3.5-12) n.s. - 

API 59.5 (10-100) 64.3 (0-100) n.s. n.s.2 

PBI 22.5 (0-100) 15.4 (0-100) n.s. - 

Ophtalmologic disorders (n=73)     

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 70.8 (10-100) 64 (0-100) n.s. n.s.2 

PBI 22.2 (0-96) 15.4 (0-100) n.s. - 

Headache (n=16)       

Maximal probing depth 6.5 (4-12) 7.0 (3.5-12) n.s. - 

API 70.8 (38-100) 64 (0-100) n.s. n.s.2 

PBI 16.7 (0-73) 17 (0-100) n.s. - 

1Mann Whitney U test , 2 multivariate analysis using a general linear model, *adjusted 

for multiple comparisons according the method of Holmes–Bonferroni, ** not included 

in the multivariate analysis since interaction is unlikely 
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Table 3.4-d 

Comparison between patients with periodontitis with and without particular 

comorbidities  

 

Patients with 

comorbidity 

Patients without 

comorbidity 

Uni-

variate* 

Multi-

variate 

 Median Range Median Range Analysis 

Other (n=205)       

Maximal probing depth 7.0 (3.5-12) 7.0 (3.5-12) n.s. - 

API 67.9 (0-100) 63.0 (4-100) n.s. -** 

PBI 14.8 (0-100) 16.7 (0-100) n.s. - 

1Mann Whitney U test , 2 multivariate analysis using a general linear model, *adjusted 

for multiple comparisons according the method of Holmes–Bonferroni, ** not included 

in the multivariate analysis since interaction is unlikely 

 

Table 3.6-a 

Comparison of severity of periodontitis (i.e. purulent or non purulent) among patients 

with or without comorbidities  

 

Patients with 

comorbidities 

Patients without 

comorbidities  

Severity of periodontitis Purulent  

Non 

purulent Purulent  

Non 

purulent 

Fisher’s 

exact test 

Allergy, n (%)  

50 

(15.5) 

295 

(85.5) 

117 

(13.9) 

723 

(86.1) n.s. 

Coronary vascular disease, n 

(%) 

2  

(5.0) 

38 

(95.0) 

164 

(14.4) 

975 

(85.6) n.s. 

Hypertension, n (%) 

31 

(13.5) 

199 

(86.5) 

136 

(14.2) 

821 

(85.8) n.s. 

Peripheral arterial occlusive 

disease, n (%) 3 (20.0) 

12 

(80.0) 

164 

(14.0) 

1009 

(86.0) n.s. 

Hyperlipidemia, n (%) 

13 

(17.1) 

63 

(82.9) 

154 

(13.8) 

958 

(86.2) n.s. 

Pulmonary disorders, n (%) 

12 

(11.8) 

90 

(88.2) 

155 

(14.3) 

930 

(85.7) n.s. 

n, number of patients;  n.s., not significant 
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Table 3.6-b 

Comparison of severity of periodontitis (i.e. purulent or non purulent) among patients 

with or without comorbidities  

 

Patients with 

comorbidities 

Patients without 

comorbidities  

Severity of periodontitis Purulent  

Non 

purulent Purulent  

Non 

purulent 

Fisher’s 

exact test 

Gastrointestinal disorders, n (%) 

11 

(12.4) 

78  

(87.6) 

155 

(14.1) 

941 

(85.9) n.s. 

Diabetes mellitus, n (%) 

12 

(17.4) 

57 

(82.6) 

155 

(13.9) 

964 

(86.1) n.s. 

Endocrinologic disorders, n (%) 

12 

(10.3) 

104 

(89.7) 

155 

(14.5) 

915 

(85.5) n.s. 

Hyperuricemia, n (%) 2 (7.7) 

24 

(92.3) 

165 

(14.2) 

996 

(85.8) n.s. 

Psychiatric disorders, n (%) 

15 

(13.9) 

93 

(86.1) 

152 

(14.1) 

927 

(85.9) n.s. 

Musculo-skeletal disorders, n 

(%) 

14 

(10.8) 

116 

(89.2) 

153 

(14.5) 

904 

(85.5) n.s. 

Osteoporosis, n (%) 

2  

(5.9) 

32 

(94.1) 

165 

(14.3) 

992 

(85.7) n.s. 

Neoplasm, n (%) 

4  

(10.0) 

36 

(90.0) 

163 

(14.2) 

988 

(85.8) n.s. 

Hemostaseologic or non-  

malignant hematologic 

disorders, n (%) 

2 

 (14.3) 

12 

(85.7) 

165 

(14.0) 

1012 

(86.0) n.s. 

Varicosity, n (%) 

11 

(15.3)  

91 

(84.7) 

156 

(13.9) 

963 

(86.1) n.s. 

Ophtalmologic disorders, n (%) 8 (11.3) 

63 

(88.7) 

158 

(14.2) 

956 

(85.8) n.s. 

Headache, n (%) 2 (12.5) 

14 

(87.5) 

165 

(14.1) 

1006 

(85.9) n.s. 

Other, n (%) 

31 

(15.3) 

172 

(84.7) 

136 

(13.8) 

848 

(86.2) n.s. 

n, number of patients;  n.s., not significant 
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mellitus, endocrinologic disorders, hyperuricemia, psychiatric disorders, musculo- 

skeletal disorders, osteoporosis, neoplasm, hemostaseologic or non-malignant 

hematologic disorders, varicosity, ophtalmologic disorders, and headache. Finally, the 

severity of the periodontal disease was analyzed. For this purpose the presence or absence 

of a purulent suppuration at diagnosis was recorded. As visible in table 3.6-a,b the 

percentage of patients with or without purulent suppuration did not differ among patients 

with or without comorbidities.  

 

 

Table 3.7 

Comparison of the frequency of comorbid conditions in patients with periodontitis and 

control individuals 

Disorders Odds ratio Confidence interval p-value 

Headache 0.050 0.0298 -0.084 < 0.001 

Coronary vascular disease 0.160 0.094 -0.270  < 0.001 

Musculo-skeletal disorders 0.169 0.137 -0.208 < 0.001 

Asthma 0.169 0.103 -0.279 < 0.001 

Hypertension 0.423 0.347 -0.516 < 0.001 

Osteoporosis 0.522 0.349 -0.781 0.002 

Depression 0.526 0.406 -0.681 < 0.001 

Hyperlipidemia 0.536 0.396 -0.727 < 0.001 

Psychiatric disorders 

(excluding depression) 0.865 0.681 -1.100 0.233 

Diabetes mellitus 0.956 0.709 -1.287 0.763 

Cancer 0.987 0.672 -1.451 0.948 

Gastrointestinal disorders 1.058 0.809 -1.384 0.679 

Allergy 1.384 1.181 -1.620  < 0.001 

Pulmonary disorders 2.058 1.554 -2.727 < 0.001 

To analyze the significance of differences in the prevalence of comorbidities 

between periodontitis patients and controls a conditional logistic regression model 

was used. 
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Figure 3.10 

 

 

Prevalence of particular disorders in patients with periodontitis (red columns) and the  

control cohort (blue columns). The patients with periodontitis differed significantly from  

the control cohort with regard to the prevalence of various comorbid conditions. 

* excluding depression 
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3.7 Comparison between Patients with Periodontitis and the General 

Austrian Population 

To evaluate whether frequency of comorbidities differ between individuals with 

periodontal disease and the general Austrian population we compared the prevalence of 

comorbid conditions in our group of 1199 patients suffering from periodontitis and the 

2398 age and sex matched controls randomly assigned from the “Österreichische 

Gesundheitsbefragung 2006/07”.   

The patients with periodontitis differed significantly from the control cohort with 

regard to the prevalence of various comorbid conditions. The number of individuals with 

allergies (29.2% vs 22.9%) or pulmonary disorders (8.5% vs 4.3%) was significantly 

higher in the group with periodontitis compared to the general Austrian population 

(p<0.05; Figure 3.10). With a calculated odds ratio of 1.384 for allergies and 2.058 for 

pulmonary disorders, these individuals have a higher risk to develop a periodontal 

disease. On the other hand, several comorbidities like asthma (1.5% vs. 5.6%), coronary 

vascular disorders (1.8% vs. 10.5%), depression (7.1% vs. 10.4%), headache (1,3% vs. 

20%), hyperlipidemia (6.4% vs. 14.8%), hypertension (14.2% vs. 24.5%), musculo- 

skeletal disorders (11.2% vs. 41.7%), and osteoporosis (2.8% vs. 5.1%) had a significant 

lower prevalence in patients with periodontitis compared to the control cohort (p<0.05; 

Table 3.7). Interestingly the percentage of individuals with cancer (3.3% vs. 3.4%), 

diabetes mellitus (5.9% vs. 6.1%), gastroenterological disorders (7.5% vs. 7.0%) and 

psychiatric disorders (excluding depression; 9.2 vs. 10.4%) did not differ between the two 

groups compared in our analysis (p>0.05; Table 3.7).  

 

3.8 Response to Initial Non-Surgical Therapy in all Patients 

 

All patients received non-surgical therapy for periodontitis including scaling, root 

planning, antimicrobial therapy as necessary as well as elimination of local factors (i.e. 

elimination of defective restorations and overhangs and treatment of carious lesions). In 

645/1199 patients (53.7%) a re-evaluation was available. The median age of these 645 

patients with 49 years did not differ from the entire group and no differences were seen 

in the percentage of patients in the different age groups (Figure 3.11). Four hundred thirty 

three patients (67.3%) had comorbidities (one comorbidity, n=188; 2 comorbidities,  
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Figure 3.11 

 

Figure 3.12 

 

Median maximal pocket depth at 

diagnosis and at re-evaluation. 

There was a reduction of the 

median maximal pocket depth of 2 

mm, when analysing the group of 

646 patients, who had a re-

evaluation after a median of 5 

months.  The box represents the 

25-75% percentile in each group, 

the horizontal line within the 

boxes defined the median and the 

whiskers represent the range. 
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The percentage of patients per age-groups did not differ between the entire group of 

1199 patients (blue bar) and the 656 patients (red bars) with a re-evaluation. 
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Figure 3.13 

Median API at diagnosis and at re-

evaluation. There was a reduction of the 

median API in the vast majority of 

patients. The box represents the 25-75% 

percentile in each group, the horizontal 

line within the boxes defined the median 

and the whiskers represent the range. 

 

 

 

 

 

 

 

Figure 3.14 

Median PBI at diagnosis and at re-

evaluation. There was a reduction of the 

median PBI in the vast majority of 

patients. The box represents the 25-75% 

percentile in each group, the horizontal 

line within the boxes defined the median 

and the whiskers represent the range. 
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n=108; 3 comorbidities, n=62; 4 comorbidities, n=38; 5 comorbidities, n=23; ≥ 6 

comorbidities, n=16) and 210 (32.7%) did not report any comorbidity. The distribution 

among the different subgroups (i.e. no, one or more comorbidities) was similar as in the 

entire group.  The median duration between diagnosis and re-evaluation was 5.3 months 

ranging from 1-25 months (interquartile range 3.5 months). Of these 656 patients the 

maximal pocket depth was recorded in 646 individuals (98.5%), the API in 621 (94.7%), 

and the PBI in 622 (94.8%). To evaluate the response to therapy the difference of the 

maximal pocket depth, the API and the PBI were recorded at re-evaluation. These results 

were compared to the values captured at diagnosis.    

With regard to the pocket depth, an optimal response was defined according the 

proposal of the “Viennese Treatment Strategy” [188]. The reduction of pocket depth, that 

had to be achieved for an optimal response was calculated with the formula shown below: 

 

 

Using the results of this calculation, of the 646 evaluable patients only 192 (29.7%) and 

thus a minority showed an optimal response to the non-surgical therapy for periodontitis. 

However, a substantial number i.e. 492 of the 646 individuals (76.2%) had a reduction of 

the maximal pocket depth. In 115 patients (17.8%) the pocket depth remained stable and 

39 (6%) showed a higher pocket depth compared to the initial check-up. Overall, 

analysing all patients, the median maximal pocket depth found at re-evaluation was 5 

mm, compared to the status at diagnosis with 7 mm (Fig. 3.12). The median relative 

reduction was 20% with a range of -80% (seen in a patient with worsening of his disease) 

to 75%. Since the time between first check-up and re-evaluation differed among the 

patients analysed, we were interested whether there was a time dependent difference in 

the response. The time between diagnosis and re-evaluation had not influence on the 

response. The median difference between diagnosis and re-evaluation in the patients with 

optimal response was 5 months (range 1-20 months), compared to 5.3 month (range 1.4-

25.5 months) in the group without optimal response. This difference was not statistically 

significant as assessed by Mann Whitney U test (p>0.05). In a next step, we correlated 

the time to response-evaluation with the difference in pocket depth per patient using a 

linear regression model. Again no significant correlation was found (r=0.06).  

At the time of re-evaluation, there was also a decrease in the API in the vast majority i.e. 

574/608 (94.4%) of patients. In 2 patients (0.3%) no difference was found compared to 

the initial check-up and 32 (5.3%) show a worsening. Overall, analysing all patients, the 

maximal pocket depth at diagnosis in mm 

2 
+1 = pocket depth at re-evaluation in mm 
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median API found at re-evaluation was 21.4%, compared to the status at diagnosis with 

64.3% (Fig. 3.13). There was no statistically significant correlation between the time to 

response and the difference in API between diagnosis and re-evaluation as assessed by 

linear regression.  

When analysing the differences in the PBI between diagnosis and re-evaluation again, 

decrease was found in the PBI in the majority i.e. 440/608 (72.2%) of patients. In 119 

(19.5%) no difference was found compared to the initial check-up and 50 (8.2%) show a 

worsening. Overall, analysing all patients, the median PBI found at re-evaluation was 0%, 

compared to the status at diagnosis with 16.7% (Fig. 3.14). There was no statistically 

significant correlation between the time to response and the difference in PBI between 

diagnosis and re-evaluation as assessed by linear regression. 

 

3.9 Influence of Comorbidities on the Response to Initial Non-Surgical 

Therapy  
 

Another point of interest was to analyse if there is an influence of different 

comorbidities on the response to non-surgical therapy in patients with periodontitis. In a 

first step, we included only patients without or with a single comorbidity in our analysis. 

From these 398 patients 211 had no comorbidities, 63 allergies, 31 cardio-vascular 

 

Table 3.8 

Percentage of patients with and without the optimal response in the group 

without comorbidities and several groups with particular comorbidities.  

 Aims not achieves Aims achieves 

No comorbidities  156 (73.9%) 55 (26.1%) 

Allergies 42 (66.7%) 21 (33.3%) 

Cardiovascular disorders 24 (77.4%) 7 (22.6%) 

Endocrinologic disorders 11 (78.6%) 3 (22.6%) 

Musculo-skeletal disorders 4 (66.7%) 2 (33.3%) 

Pulmonary disorders 3 (33.3%) 6 (66.7%) 

Psychiatric disorders 4 (57.1%) 3 (42.9%) 

Gastrointestinal disorders 4 (66.7%) 2 (33.3%) 

The results among the different disorders or the group without disorders were 

not statistically significant as assessed by the likelihood ratio test.  
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Table 3.9 

Number and percentage of patients who were smokers or had particular comorbidities 

Comorbidity Number of 

patients  

Percent of all 645 patients  

Smoking 190 29.7% 

No comorbidities 201 30.7% 

Allergies 187 28.9% 

Cardiovascular disorders 150 23.2% 

Musculo-skeletal disorders 70 10.8% 

Endocrinologic disorders 66 10.2% 

Psychiatric disorders 58 9.0% 

Pulmonary disorders 55 8.5% 

Gastrointestinal disorders 53 8.2% 

Hyperlipidemia 48 7.4% 

Varicosity 41 6.3% 

Ophthalmological disorders 37 5.7% 

Diabetes 32 5.0% 

Cancer* 20 3.1% 

Hyperuricemia* 18 2.8% 

Osteoporosis* 17 2.6% 

Headache* 14 2.2% 

Non-malignant or reactive 

hematologic disorders* 

10 1.5% 

Others** 93  14% 

*These groups were not included in further analysis because of their low frequency 

** This group was not included in further analysis because of its heterogeneity 

 

 

disorders, 14 endocrinologic disorders, 12 muculo-skeletal disorders, 9 pulmonary 

disorders, 7 psychiatric disorders, 6 gastrointestinal disorders, 5 ophthalmologic 

disorders, 4 varicosity and cancer each, 3 headache, hyperlipidemia, and diabetes each, 2 

osteoporosis, and 1 hyperuricemia. Only groups with ≥6 patients were included in the 

further analysis. There was no significant difference between patients without or any of   
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 Figure 3.15 

In this figure, the response to non-surgical therapy is shown with regard to the mm pocket 

depth (A), percent reduction of pocket depth (B), percent API (C), and percent PBI (D). 

The black marks represent the patients, the median is indicated by the red line, and the 

whiskers (blue line) represent minimum and maximum. There was no statistically 

significant difference as assessed by Kruskal Wallis test. 
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Table 3.10 

Influence of smoking and comorbidities on the percentage of patients with an optimal 

response to non-surgical therapy  

  
no optimal 

response 
optimal response Uni-

variate1 

Multi-

varate2 
 n no yes no yes 

Smoking 190 
291 

(64.7%) 

159 

(35.3%) 

136 

(71.6%) 

54 

(28.4%) 
0.09 0.135 

Allergies 187 
319 

(70.7%) 

132 

(29.3%) 

136 

(71.2%) 

55 

(28.8%) 
0.90 0.964 

Cardiovascular 

disorders 
150 

350 

(77.1%) 

104 

(22.9%) 

145 

(29.3%) 

46 

(24.1%) 
0.74 0.813 

Musculo-

skeletal 

disorders 

70 
408 

(90.3%) 

44 

(9.7%) 

165 

(86.4%) 

26 

(13.6%) 
0.15 0.128 

Endocrinologic 

disorders 
66 

409 

(90.5%) 

43 

(9.5%) 

168 

(88.0%) 

23 

(12.0%) 
0.33 0.340 

Psychiatric 

disorders 
58 

413 

(70.6%) 

39 

(8.6%) 

172 

(90.1%) 
19 (9.9%) 0.59 0.537 

Pulmonary 

disorders 
55 

417 

(92.3%) 

35 

(7.7%) 

171 

(89.5%) 

20 

(10.5%) 
0.26 0.263 

Gastro-

intestinal 

disorders 

53 
415 

(91.8%) 

37 

(8.2%) 

174 

(91.6%) 
16 (8.4%) 0.92 0.869 

Hyperlipidemia 48 
420 

(92.5%) 

34 

(7.5%) 

177 

(92.7%) 

14 

(29.6%) 
0.94 0.997 

Varicosity 41 
425 

(93.6%) 

29 

(6.4%) 

180 

(93.8%) 
12 (6.3%) 0.95 0.943 

Ophthalmo-

logical 

disorders 

37 
429 

(95.1%) 

22 

(4.9%) 

176 

(92.1%) 
15 (7.9%) 0.14 0.140 

Diabetes 32 
436 

(96.2%) 

17 

(3.8%) 

176 

(92.1%) 
15 (7.9%) 0.03 0.038 

1Univariate analysis by Fisher’s exact test,  2multivariate analysis using a general 

linear model 
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the included comorbidities with regard to achieving an optimal response (Table 3.8). The 

reduction of pocket depth did not differ as well regardless if calculated as differences in 

mm between diagnosis and re-evaluation or reduction of pocket depth between diagnosis 

and re-evaluation in percent (Figure 3.15 A, B). Similar results were obtained when 

analysing the reduction in API, or reduction of PBI (Figure 3.15 C, D).        

 

Table 3.11 

Influence of smoking and comorbidities on the response to non-surgical therapy, with 

regard to the maximal pocket depth in mm 

 n 
Difference in pocket depth, mm; 

median (range) 

Uni-

variate1 

Multi-

variate2 

  no yes   

Smoking 190 1 (-3 - 9) 1 (-4 - 7) 0.15 0.37 

Allergies 187 1 (-3 - 9) 1 (-4 - 7) 0.49 0.73 

Cardiovascular 

disorders 
150 1 (-4 - 8) 1.5 (-2 - 9) 0.93 0.72 

Musculo-skeletal 

disorders 
70 1 (-4 - 9) 1 (-3 - 8) 0.71 0.66 

Endocrinologic 

disorders 
66 1 (-4 - 9) 1 (-2 - 6) 0.59 0.89 

Psychiatric 

disorders 
58 1 (-4 - 9) 1 (-2 - 7) 0.40 0.91 

Pulmonary 

disorders 
55 2 (-4 - 9) 2 (-2 - 7) 0.05 0.28 

Gastrointestinal 

disorders 
53 1 (-4 - 9) 1 (-1 - 6) 0.79 0.65 

Hyperlipidemia 48 2 (-4 - 9) 2 (-2 - 7) 0.46 0.94 

Varicosity 41 1 (-4 - 9) 1 (-1 - 6) 0.83 0.82 

Ophthalmological 

disorders 
37 1 (-4 - 9) 2 (-1 - 6) 0.58 0.93 

Diabetes 32 1 (-4 - 8) 2 (0 - 9) 0.06 0.03 

1Univariate analysis by 1Mann Whitney U test,  2multivariate analysis using a general 

linear model 
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Table 3.12 

Influence of smoking and comorbidities on the response to non-surgical therapy, with 

regard to the maximal pocket depth in percent 

 n 
Difference in pocket depth, percent; 

median (range) 

Uni-

variate1 

Multi-

variate2 

  no yes   

Smoking 190 20 (-75 - 75) 21 (-80 - 63) 0.42 0.51 

Allergies 187 20 (-80 - 73) 20 (-40 - 75) 0.77 0.71 

Cardiovascular 

disorders 
150 20 (-80 - 73) 22 (-50 - 72) 0.86 0.70 

Musculo-skeletal 

disorders 
70 20 (-80 - 73) 22 (-33 - 73) 0.43 0.44 

Endocrinologic 

disorders 
66 20 (-80 - 75) 24 (-33 - 100) 0.26 0.43 

Psychiatric 

disorders 
58 20 (-80 -75) 19 (-25 - 67) 0.46 0.63 

Pulmonary 

disorders 
55 20 (-80 - 75) 25 (-29 -58) 0.03 0.07 

Gastrointestinal 

disorders 
53 20 (-80 - 75) 20 (-20 - 56) 0.98 0.93 

Hyperlipidemia 48 20 (-80 - 75) 22 (-50 - 67) 0.48 0.77 

Varicosity 41 21 (-80 - 75) 21 (-20 - 60) 0.86 0.70 

Ophthalmological 

disorders 
37 20 (-80 - 75) 27 (-14 - 50) 0.30 0.54 

Diabetes 32 20 (-80 - 73) 29 (0 - 75) 0.04 0.03 

1Univariate analysis by 1Mann Whitney U test,  2multivariate analysis using a general 

linear model 
 

 

Since the number of patients was limited in this first analysis, in a second step all 645 

patients with re-evaluation were included. This was of particular importance to increase 

the number of patients with diabetes, cardiovascular disorders, and hyperlipidemia, since 

especially these groups had a large overlap. Again, the patients were divided into several 

groups (Table 3.9). Only comorbidities with a frequency ≥ 5% were included in the 

analysis. In this calculation also smoking was included as variable to avoid a bias.  

Comorbidities as well as smoking habits had only little influence on the optimal response  
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Table 3.13 

Influence of smoking and comorbidities on the response to non-surgical therapy, with 

regard to API (percent) 

 n 
Difference in API, percent; median 

(range) 

Uni-

variate1 

Multi-

variate2 

  no yes   

Smoking 190 41 (-43 - 100) 45 (-9 - 89) 0.05 0.06 

Allergies 187 43 (-43 - 96) 40 (-21-100) 0.85 0.77 

Cardiovascular 

disorders 
150 42 (-43 - 100) 44 (-28 - 89) 0.40 0.58 

Musculo-skeletal 

disorders 
70 43 (-43 -100) 40 (-11 - 80) 0.60 0.58 

Endocrinologic 

disorders 
66 43 (-43 -100) 42 (-17 - 89) 0.95 0.80 

Psychiatric 

disorders 
58 44 (-43 -100) 32 (-14 - 83) 0.02 0.00 

Pulmonary 

disorders 
55 43 (-43 - 100) 43 (-1 -86) 0.84 0.92 

Gastrointestinal 

disorders 
53 43 (-43 - 100) 42 (-6 - 56) 0.31 0.17 

Hyperlipidemia 48 42 (-43- 100) 48 (-28 - 83) 0.23 0.76 

Varicosity 41 42 (-43- 100) 43 (-9 - 88) 0.48 0.41 

Ophthalmological 

disorders 
37 43 (-43 - 100) 40 (10-68) 0.99 0.98 

Diabetes 32 42 (-43 - 100) 50 (10 - 86) 0.10 0.04 

1Univariate analysis by 1Mann Whitney U test,  2multivariate analysis using a general 

linear model 

 

 

to non-surgical therapy. Only diabetes was a significant predictive variable for the 

response to therapy in univariate and multivariate analysis (p<0.05; Table 3.10). It was 

of particular interest that in the group with diabetes the treatment response was found in 

relatively more patients i.e. 7.3% showing an optimal response compared to the other 

group with 3.8%. However, in both groups the majority i.e. >90% had no optimal 

response. A tendency toward significance was also seen for smoking in the univariate  
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Table 3.14 

Influence of smoking and comorbidities on the response to non-surgical therapy with 

regard to PBI (percent) 

 n 
Difference in PBI, percent; median 

(range) 

Uni-

variate1 

Multi-

variate2 

  no yes   

Smoking 190 13 (-25 - 100) 10 (-33 - 100) 0.08 0.21 

Allergies 187 11 (-33 - 100) 13 (-23 - 91) 0.20 0.16 

Cardiovascular 

disorders 
150 11 (-33 -100) 10 (-25 - 100) 0.26 0.82 

Musculo-skeletal 

disorders 
70 11 (-33 - 100) 18 (-7 - 94) 0.22 0.14 

Endocrinologic 

disorders 
66 11 (-33 - 100) 13 (-6 - 100) 0.89 0.70 

Psychiatric 

disorders 
58 12 (-33 - 100) 15 (-16 - 82) 0.62 0.59 

Pulmonary 

disorders 
55 12 (-25 - 100) 10 (-33 - 100) 0.38 0.34 

Gastrointestinal 

disorders 
53 11 (-33 - 100) 13 (-6 - 91) 0.98 0.62 

Hyperlipidemia 48 12 (-33 - 100) 10 (-25 - 100) 0.64 0.88 

Varicosity 41 11 (-33 - 100) 14 (-6 - 100) 0.38 0.79 

Ophthalmological 

disorders 
37 11 (-33 - 100) 14 (-23 - 91) 0.98 0.93 

Diabetes 32 11 (-33 - 100) 20 (-1 - 100) 0.11 0.10 

1Univariate analysis by 1Mann Whitney U test,  2multivariate analysis using a general 

linear model 

 

analysis (Table 3.10). All other disorders were not of significant predictive potential. 

Patients with diabetes also showed an improved reduction in the maximal pocket depth 

in mm and percent (p<0.05; Tables 3.9 and 3.10). Pulmonary disorders had an improved 

reduction of pocket depth in the univariate analysis as well (p<0.05), but in the multi-

variate calculation there was no clear significance but a tendency in the reduction of 

pocket depth in percent (p=0.07). All other comorbid conditions as well as a history of 

smoking did not improve or worsen the response of the periodontal disorder to non- 

surgical therapy.  
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Finally, we were interested to analyse the differences in API and PBI seen between the 

time of diagnosis and re-evaluation. The improvement in API was significantly worse in  

the group of patients with psychiatric disorders, compared to the other patients (p<0.05) 

whereas in patients with diabetes there was a tendency to an improved response (Table 

3.13). No influence of the other variables tested was seen. With regard to the PBI no effect 

of the comorbidities included in our analysis as well as smoking was observed (Table 

3.14). Together, comorbidities and smoking had only limited effects on the response to 

non-surgical therapy of periodontitis in our study cohort. Interestingly, in patients with 

diabetes an improved response was observed.     
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4. Discussion 

 

Periodontitis is an infectious-inflammatory disorder of the periodontal tissue that 

involves a complex immune/inflammatory cascade [1-4]. In contrast to simple gingivitis, 

which is limited to the soft-tissue of the gingival epithelium and connective tissue, 

periodontitis is an inflammation of the supporting tissues of the teeth leading to a 

progressive attachment loss and bone destruction [1-3]. Therefore, interactions with 

systemic disorders are likely. In particular, the interplay of periodontitis with 

comorbidities affecting the immune system including diabetes, cardiovascular disorders, 

or rheumatoid arthritis is of interest and has been analysed extensively [18-100]. Other 

disorders including COPD and CKD as well as pregnancy are known to interact with 

periodontitis as well [101-153]. With regard to the interplay, a bidirectional relationship 

between the periodontal and systemic diseases was found for many disorders. Examples 

for such relationships are diabetes, RA, COPD, CKD, and inflammatory bowel disease 

but also pregnancy [22-28,37-45,92-97,110-117,128-137,144,145,151,158]. Other 

disorders or health problems, including CVD, psoriasis or erectile dysfunction are 

influenced by the periodontitis but there is no effect vice versa [70-75,157,165]. 

Conflicting data are reported for disorders like seizures [154-157]. A particular problem 

of most studies is the small sample size limiting their explanatory power [107]. Apart 

from comorbidities also life style factors are known to affect periodontitis. Likewise, 

tobacco smoking can modify the periodontal disorders [173]. It results in an alteration of 

the gingival microvasculature and by this in a decreased bleeding tendency as well as the 

decreased clinical signs of inflammation in smokers [173]. 

In the light of these data the prevalence of systemic disorders in patients with 

periodontitis is of particular interest. However, only a few studies have addressed this 

question so far. Limited data exist suggesting a higher prevalence of periodontitis in some 

disorders. Likewise, in RA patients the prevalence of severe periodontitis is higher 

compared to non-RA patients and anti-cyclic citrullinated peptide positive RA patients 

were more likely to have periodontitis [96,97]. COPD was also associated with a higher 

probing depth, attachment loss, plaque index, and alveolar bone loss and CKD had a 

higher prevalence of periodontitis compared to non-CKD patients [109, 125-128].  

The only study published so far to analyse the prevalence of comorbidities in a cohort 

of patients with periodontitis was published from the Department of Dental Medicine of 

the Karolinska Institute (Huddige, Sweden) [182]. This paper analysed a total number of 
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325 patients with severe periodontitis and compared this cohort with 149 patients seen 

because of other dental problems but without periodontitis (i.e. periodontal diagnosis 

healthy or gingivitis) [182]. They recorded cardiovascular disorders, diabetes, respiratory 

distress and smoking habits in their patients.  

The prevalence of cardiovascular disorders, diabetes and pulmonary disorders was 

44.2%, 21.2% and 18.8%, respectively [182]. These data differ markedly form the results 

in our study, where the prevalence of cardiovascular disorders, diabetes and pulmonary 

disorders were 22.8%, 5.8% and 8.5%, respectively. However, significant differences in 

the study cohort can explain these differences. Firstly, the median age in the Swedish 

patients is 62 years and thus much older than the median age in our patients with 49 years 

[182]. Since of cardiovascular disorders, diabetes and pulmonary disorders are found 

more often at higher ages this difference in the median age of 13 years is one of the main 

causes of the discrepancy between the two studies. In this regard, it is of note, that in both 

studies the patients with comorbidities had a higher median age compared to the group 

without comorbidities. Secondly, while the Swedish cohort has a relatively even gender 

distribution in our patients the percentage of female individuals was higher [182]. This 

could also cause differences. In line, both studies showed that the groups with 

cardiovascular disorders and/or diabetes had a higher percentage of male individuals. 

Thirdly, the different sample size i.e. 325 versus 1199 patients could contribute to 

differences in the results [182]. Despite the differences in the study cohorts and respective 

results, a number of similarities have to be mentioned. As already discussed, there was a 

male predominance in patients with cardiovascular disorders and diabetes. Moreover, the 

individuals affected by a comorbidity were older. Hypertension was the most common 

cardiovascular disorder found in both studies. In the Swedish study 37.2% of the patients 

claimed that they did not suffer from any disease, which is quite similar to our data where 

31.2% reported to have no comorbidities [182]. With regard to other health problems, 

allergies were the most common comorbidity in our patients with periodontitis (29.2%). 

Other disorders with a prevalence of >100 individuals were musculo-skeletal disorders 

(17.2%), endocrinologic disorders (11.2%), and psychiatric disorders (9.7%). Together, 

one of the key messages of both analysis is that the majority of patients with periodontitis 

present with comorbidities. In this regard, the knowledge of the interaction between 

periodontitis and systemic disorders is of particular importance. This interplay has to be 

considered in the follow up of patients with systemic disorders but also in the treatment 

of patients with periodontitis.   
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Marjanovic et al. also reported that the percentage of smokers was 55.1 % among the 

patients with periodontitis [182]. This is higher, compared to our data where the 

percentage of current smokers was 36.4%. Differences in the period of data collection 

have to be taken into account in this regard. The data of the Swedish cohort were collected 

by chart review of patients seen between 2002 and 2008, whereas the patients analysed 

in this study were seen between 2006 and 2009. Considering the falling prevalence of 

tobacco smoking over the years this could be one of the reasons for the different 

proportions of smokers in the two studies [169]. However, it is of interest, the WHO 

reports a lower percentage of adult individuals current tabacco smoking in Sweden 

compared to Austria (22% versus 39%, respectively) for the year 2012 [169]. So even if 

a change over time is considered, a selection bias in the Swedish study has to be discussed. 

When comparing demographic data between smokers and non-smokers in our cohort 

significant differences were observed. The smokers were younger and there was a male 

predominance. This is in line with data of the “Statistik Austria” of 2006 where the 

percentage of smoker decreases with age and the percentage of males among the smokers 

is higher, compared to female individuals [189]. With regard to the characteristic of the 

periodontitis, the API was higher in patients who smoked and the PBI was lower, which 

is in line with previously published data [173-175]. The maximal probing depth was 

similar in both groups.  

So far published data suggest, that a higher prevalence of periodontitis or higher 

severity of the periodontal disorder is seen in some disorders including RA, COPD or 

CKD [96,97,108,125-128]. In our cohort, almost none of the markers like the maximum 

pocket depth, API, PBI, or the severity of the periodontal disease (purulent or non-

purulent) differed significantly between patients with or without comorbidities. Only the 

API was significant higher in patients with pulmonary disorders compared with the 

groups without pulmonary disorders. This could be confirmed by multivariate analysis 

including all other comorbidities. The relevance of these data are supported by the 

previous published data showing that COPD influences periodontitis and these patients 

had a higher plaque index [125-128]. With regard to RA and CKD only a very small 

number of patients with these disorders was included in our analysis and can be found in 

the groups musculo- skeletal disorders and others. Therefore, with regard to RA and CKD 

no finally conclusions can be drawn from this study. The patients characteristics like age, 

BMI, and f:m-ratio showed a number of differences between patients with and without 

particular comorbidities. Mostly, the group with comorbid conditions was significant 
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older compared to individuals without disorders, except allergies and headache, where no 

differences in age were observed. The BMI was higher among patients with 

cardiovascular disorders, hyperlipidemia, diabetes mellitus, endocrinologic disorders, 

hyperuricemia, musculo-skeletal disorders, ophtalmologic disorders, and lower in 

individuals with osteoporosis compared to the groups without this particular disorder. 

There were more females than males in the whole cohort. However, in cardiovascular 

disorders, hyperlipidemia, diabetes mellitus, and hyperuricemia the percentage of males 

was significantly higher. In contrast, a higher percentage of female patients was seen 

among patients with allergies, endocrinologic disorders, psychiatric disorders, musculo-

skeletal disorders, varicosity, and headache compared to the entire group. This is in line 

with the observation in the general Austrian population [190].  

In a next step, we compared the prevalence of comorbidities in the patients with 

periodontitis with the general Austrian population. For this controls were randomly 

selected from the cohort of the “Österreichische Gesundheitsbefragung 2006/2007” 

which represents a collection of self-reported health data in 15474 Austrian individuals.  

For each patient two age and sex matched controls corrected for smoking, alcohol and 

education were assigned. A number of differences could be observed between patients 

and controls.  

Allergies and pulmonary disorders had a significantly higher prevalence in patients 

with periodontal disorders. With regard to allergies, to the best of our knowledge, an 

interplay with periodontitis has not been reported so far. However, in patients with 

allergies the contact of the immune system with the allergen results in an activation of 

various inflammatory reactions. The clinical symptoms are caused by cellular (IgE-

triggered) responses to an allergen. These effector cells include eosinophil and basophil 

granulocytes, as well as tissue mast cells. Moreover, cytokines  including IL-3, IL-5 and 

granulocyte-macrophage colony-stimulating factor are involved [191]. Similar, a 

complex immune/inflammatory reaction inducing the production of cytokines, 

neuropeptides as well as complement components and involving macrophages, mast cells, 

lymphocytes and neutrophils, is the central mechanism in periodontitis [1-11]. Thus, 

inflammation of the oral mucosa induced by allergens might also trigger the inflammatory 

reaction caused by the periodontitis and this “boosted” inflammation could of course 

induce profound damage of periodontal tissue.  

A number of studies have already shown a higher prevalence of periodontitis in 

patients with COPD, compared to healthy individuals or patients without COPD [107-
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112]. In one study, vice versa COPD was associated with a higher probing depth, 

attachment loss, plaque index, and alveolar bone loss [108]. On one hand, the 

periodontitis of our patients could have made them susceptible for COPD or at least 

enforce a preexisting pulmonary disorder and therefore result in a higher percentage of 

pulmonary disorders in our patients. A possible link between the disorders explaining 

their coincidence could be the presence of circulating periodontitis-related antibodies, 

which have been shown to be an independent predictor of frequent COPD exacerbations 

[110]. On the other hand, the backbone of COPD treatment are inhaled beta-2 agonists 

and corticosteroids [101]. In this regard, it is of note, that the use of beta-2 agonists is 

associated with an increased frequency of caries, a decreased production and secretion of 

salivary, as well as a modified composition of the oral microbial flora [112-114]. 

Moreover, the topical effects of inhaled corticosteroids are responsible for an enhanced 

risk for oropharyngeal candidiasis and their systemic effects may impair bone metabolism 

[115-117]. All these effects could trigger various periodontal disorders and finally could 

be an explanation for the high frequency of pulmonary disorders found in our patients.  

On the other hand, cardiovascular disorders like coronary vascular disease or 

hypertension had a significant lower prevalence in patients with periodontitis compared 

to the control cohort and the prevalence of diabetes did not differ between patients and 

controls. These findings are in contrast to the data reported by Marjanovic et al. [182]. 

However, again, a number of differences between the two studies have to be considered 

being responsible for these discrepancies. Firstly, in the Swedish study a total number of 

325 patients with periodontitis is compared to 149 patients seen because of other dental 

problems but without periodontitis [182]. Thus, due to the smaller number of patients and 

controls a selection bias is more probable compared with our analysis with 2389 controls 

and 1199 patients with periodontitis. Secondly, individuals with and without periodontitis 

were not matched for age or gender as this was the case in our evaluation. Since both, 

cardiovascular disorders and diabetes show an increase of their prevalence with age this 

could be a good explanation for the discrepancy between the studies. Thirdly, there were 

significantly more smokers in the cohort of periodontitis patients. Since smoking 

represents an established risk factor for cardiovascular disorders this could explain the 

significant difference in the increased prevalence of these disorders in the patients with 

periodontal disorders in the Swedish study [170-172, 182]. Fourthly, in our analysis we 

could only compare coronary vascular disease and hypertension between patients and 

controls. Marjanovic et al.  included in the group with cardiovascular disorders coronary 
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vascular disease, AOD, heart failure, tachycardia, hypertension, heart murmur and heart 

valve problems [182]. Therefore, one could speculate in case of a similar study design 

not major differences between the two studies might be seen. 

Several comorbidities like asthma, depression, headache, hyperlipidemia, musculo- 

skeletal disorders, and osteoporosis had also a significant lower prevalence in patients 

with periodontitis compared to the control cohort whereas no differences were found for 

cancer, gastroenterological disorders, and psychiatric disorders excluding depression. No 

data on larger cohorts analyzing these disorders have become available, so far. With 

regard to musculo-skeletal disorders, it is of note that in cases with rheumatoid arthritis 

an interaction with periodontitis has been described [78-85]. However, due to the 

retrospective nature of our evaluation it was not possible to differentiate between 

rheumatoid disorders and orthopedic complains or different rheumatologic disorders. In 

this regard further studies are needed to evaluate the prevalence of autoimmune mediated 

inflammatory diseases including OA, RA, lupus, ankylosing spondylitis, Sjogren's 

syndrome in patients with periodontitis. 

Finally, we were also interested in the response of our patients to non-surgical therapy 

for periodontitis and if comorbidities were predictive for a better or worse response. A re-

evaluation was available in 645 patients. This cohort did not differ from the entire group 

of 1199 patients and the percentage of individuals in the different age groups, the median 

age, and other characteristics including patients with no, one or more comorbidities where 

almost identical. Applying the criteria of an optimal response proposed in “Das Wiener 

parodontologische Behandlungskonzept, Teil II. Reevaluation – weiterführende 

Parodontaltherapie (konservativ/chirurgisch) – Recall” only a third of the patients showed 

an optimal response. Since these are rather strict criteria, we also analysed the absolute 

and relative reduction of the maximal pocket depth. In these analysis 76.2% of the patients 

showed a reduction of pocket depth and thus a response to therapy. Similar data were 

obtained for the API and PBI. In a next step, we included a subset of our patients who 

had no comorbidities or a single comorbidity in the analysis to see the effect of each 

comorbid condition on the response to therapy. To learn more about the effect of 

comorbid conditions on the response to the non-surgical therapy we compared patients 

without comorbidities with those that had only one comorbidity. This approach was taken 

to rule out interaction between two or more comorbidities in a patient. The total number 

of patients in the analysis was 398. Sixty-three had allergies, 31 cardio-vascular disorders, 

14 endocrinologic disorders, 12 muculo-skeletal disorders, 9 pulmonary disorders, 7 
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psychiatric disorders, 6 gastrointestinal disorders, 5 ophthalmologic disorders, 4 

varicosity and cancer each, 3 headache, hyperlipidemia, and diabetes each, 2 

osteoporosis, and 1 hyperuricemia. Two hundred eleven had no comorbidities. There was 

no significant difference between patients without or any the included comorbidities in 

their response to therapy. The major limitation of this analysis was the low number of 

patients. There were differences in the median reduction of pocket depth, API and BPI 

but due to the low number of patients in some groups this results were not of statistical 

significance. In particular, there were only 3 patients with diabetes and even the group 

with cardio-vascular disorders there were only 31 individuals. In this regard, we cannot 

ruled out that the differences in response would be significant if a larger cohort would be 

included in the analysis. Moreover, in the ‘”real world” patients often have more than one 

systemic disorder. Likewise, diabetes is a risk factor for cardio-vascular disorders and 

renal disease, hyperlipidemia interacts with cardio-vascular disorders as well. 

Therefore, to consider the presence of more than one comorbidity in a patient and to 

overcome the limited number of patients, in a second step all 645 patients with re-

evaluations were included in the analysis. By this, the number of patients with 

comorbidities of interest including diabetes, cardiovascular disorders, and hyperlipidemia 

could be increased significantly, since especially these groups had a large overlap. Since 

tobacco smoking is a major cause of many of disorders, including cardiovascular 

disorders, COPD and malignancies, we also included smoking in the analysis to avoid a 

bias [169]. Overall, comorbidities as well as smoking habits had only little influence on 

the optimal response to non-surgical therapy. Diabetes was a significant predictive 

variable for the good response to non-surgical therapy. The differences to the patients 

without diabetes were significant with regard to the pocket depth and there was a clear 

tendency toward an improved respond for API and PBI.  A tendency toward significance 

favourable response was also seen for smoking with regard to the API and for the relative 

reduction of pocket depth in pulmonary disorders. The group with psychiatric disorders 

had a significantly poor response to therapy with regard to the API, smokers a tendency 

to a worse outcome with regard to the PBI. 

Some of these results are surprising, especially the favourable response of the patients 

with diabetes. This group is known to have a higher risk of severe inflammations. One 

probable explanation would be that the group of patients with diabetes willing to improve 

their dental status has also the will to improve their glycemic control. However, so far no 

data are available to support this theory. On the other hand, several reports suggest that 
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the periodontal disease may have a significant impact on the metabolic state in patients 

with diabetes and surgical or non-surgical periodontal treatment was associated with 

improved glycemic control in type 2 patients [49-57]. Therefore, the non-surgical 

periodontal treatment could have improved the glycemic control in our patients with 

diabetes. Considering the bidirectional relationship of the two disorders the improved 

glycemic control results in a better response of the periodontitis.    

Local changes of the tissue including a reduced microvascular density, oxygen 

concentration and lower subgingival temperature have been observed in smokers as 

compared to non-smokers [173]. This results in a lower PBI in the group of smokers. This 

low PBI at diagnosis could explain that the decrease in percent PBI in smokers cannot 

reach the amount seen in non-smokers. The tendency toward a better response in the API 

was seen in this group. In this regard, it is tempting to speculate, that the awareness of 

dental problems and the improved dental hygiene contribute to these results.  

Interestingly, the group with psychiatric disorders had a significantly poor reduction 

in API. In this regard, it has to be considered that ataractics including benzodiazepines, 

tricyclic antidepressants, and venlafaxine are associated with a decreased production and 

secretion of salivary and patient often complain on a “dry mouth” [192]. By this, the 

plaque formation could be promoted, resulting in a decreased reduction of the API. These 

results may also suggest that the ability of a patient with depression to follow the 

instructions of the physician and to collaborate is low. 

Together, our data clearly show that the majority of patients with periodontitis present 

with comorbidities. Therefore, the knowledge of the interaction between periodontitis and 

systemic disorders is of particular importance and has to be considered in the follow up 

of patients with systemic disorders but also in the treatment of patients with periodontitis. 

Compared to the general population patients with periodontitis differed significantly with 

regard to the prevalence of various comorbid conditions. The number of individuals with 

allergies or pulmonary disorders was significantly higher in the group with periodontitis. 

Other comorbidities like asthma, coronary vascular disorders, depression, headache, 

hyperlipidemia, hypertension, musculo-skeletal disorders, and osteoporosis had a 

significant lower prevalence while the prevalence of individuals with cancer, diabetes 

mellitus, gastroenterological disorders and psychiatric disorders (excluding depression) 

did not differ between the two groups. Moreover, our data suggest that systemic disorders 

including diabetes, pulmonary disorders, and psychiatric disorders as well as life style 

factors including smoking affect the response to therapy in periodontitis. To clarify these 
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interactions further in more detail lager studies including more patients with follow up 

are warranted.  

  



Sperr M   

75 
 

5. References 

 

1. Socransky SS. Haffajee AD Periodontal Infections. In: Lindhe J. Lang NP. Karring 

T editor. Clinical periodontology and implant dentistry. Blackwell Publishing 

Company 2008: 207-267 

2. Beck J. Arbes SJ Jr. Epidemiology of gingival and periodontal diseases. In: 

Newman MG. Takei HH. Klokkevold PR. in Carranza FA editor. Clinical 

periodontology. St. Louis: Saunders/Elsevier. 2006: 110–132 

3. Flemmig TF. Periodontitis. Ann Periodontol. 1999; 4: 32–38 

4. Page RC. Schroeder HE. Pathogenesis of inflammatory periodontal disease. A 

summary of current work. Lab Invest. 1976; 34: 235–249 

5. Cekici A. Kantarci A. Hasturk H. van Dyke TE. Inflammatory and immune 

pathways in the pathogenesis of periodontal disease. Periodontol 2000. 2014; 64: 

57-80 

6. Janeway CA Jr. Medzhitov R. Innate immuneComparing  recognition. Annu Rev 

Immunol. 2002; 20: 197–216 

7. Medzhitov R. Janeway CA Jr. Innate immunity: the virtues of a nonclonal system 

of recognition. Cell. 1997; 91: 295–298 

8. Cochran DL. Inflammation and bone loss in periodontal disease. J Periodontol. 

2008; 79: 1569–1576 

9. Loos BG. Systemic markers of inflammation in periodontitis. J Periodontol. 2005; 

76: 210 –215  

10. Zadeh HH. Nichols FC. Miyasaki KT. The role of the cell-mediated immune 

response to Actinobacillus actinomycetemcomitans and Porphyromonas gingivalis 

in periodontitis. Periodontol 2000. 1999; 20: 239–288 

11. Cutz E. Chan W. Track NS. Goth A. Said SI. Release of vasoactive intestinal 

polypeptide in mast cells by histamine liberators. Nature. 1978; 275: 661–662 

12. Raud J.Intravital microscopic studies on acute mast cell-dependent inflammation. 

Acta Physiol Scand Suppl. 1989; 578: 1-58 

13. Fiorellini JP. Ishikawa SO. Kim DM. Gingival inflammation. In: Carranza FA. 

editor. Clinical periodontology. Philadelphia: Elsevier Saunders. 2006: 355–361 

14. Liu YC. Lerner UH. Teng YT. Cytokine responses against periodontal infection: 

protective and destructive roles. Periodontol 2000. 2010; 52: 163–206 



Sperr M   

76 
 

15. Van Dyke TE. van Winkelhoff AJ. Infection and inflammatory mechanisms. J Clin 

Periodontol. 2013; 40: S1–S7 

16. Graves DT. Li J. Cochran DL. Inflammation and uncoupling as mechanisms of 

periodontal bone loss. J Dent Res. 2011; 90: 143–153 

17. Kim MS. Day CJ. Selinger CI. Magno CL. Stephens SR. Morrison NA. MCP-1-

induced human osteoclast-like cells are tartrate-resistant acid phosphatase. 

NFATC1. and calcitonin receptor-positive but require receptor activator of 

NFkappaB ligand for bone resorption. J Biol Chem. 2006; 281: 1274–1285 

18. Preshaw PM Periodontal diseases. In: Carranza FA editor. Clinical periodontology. 

St. Louis: Saunders/Elsevier. 2006: 76–100 

19. Bullon P. Newman HN. Battino M. Obesity. diabetes mellitus. atherosclerosis and 

chronic periodontitis: a shared pathology via oxidative stress and mitochondrial 

dysfunction? Periodontol 2000. 2014; 64: 139-153  

20. American Diabetes Association: Standards of medical care in diabetes-2011. 

Diabetes Care. 2011; 34: S11–S61 

21. El-Osta A. Brasacchio A. Yao A. Pocai A. Jones PL. Roeder RG. Cooper ME. 

Brownlee M. Transient high glucose causes persistent epigenetic changes and 

altered gene expression during subsequent normoglycemia. J. Exp. Med. 2008; 205:  

22. Lin Y. Berg AH. Iyengar P. Lam TK. Giacca A. Combs TP. Rajala MW. Du X. 

Rollman B. Li W. Hawkins M. Barzilai N. Rhodes CJ. Fantus IG. Brownlee M. 

Scherer PE. The hyperglycemia-induced inflammatory response in adipocytes: the 

role of reactive oxygen species. J Biol Chem. 2005; 280: 4617-4626 

23. Shikama Y. Kudo Y. Ishimaru N. Funaki M. Possible Involvement of Palmitate in 

Pathogenesis of Periodontitis. J Cell Physiol. 2015; 230: 2981-2989.  

24. Taylor JJ. Preshaw PM. Lalla E. A review of the evidence for pathogenic 

mechanisms that may link periodontitis and diabetes. J Clin Periodontol. 2013; 40: 

S113–S134. 

25. Takeda. M.. Ojima. M.. Yoshioka. H.. Inaba. H.. Kogo. M.. Shizukuishi. S.. 

Nomura. M. Amano. A. Relationship of serum advanced glycation end products 

with deterioration of periodontitis in type 2 diabetes patients. Journal of 

Periodontology. 2006; 77: 15-20  

26. Anderson MM. Requena JR. Crowley JR. Thorpe SR. Heinecke JW. The 

myeloperoxidase system of human phagocytes generates Nepsilon-

(carboxymethyl) lysine on proteins: a mechanism for producing advanced glycation 



Sperr M   

77 
 

end products at sites of inflammation. Journal of Clinical Investigation. 1999; 104: 

103–113 

27. Giacco. F. & Brownlee. M. Oxidative stress and diabetic complications. Circulation 

Research. 2010; 107: 1058–1070 

28. Santos VR. Lima JA. Goncalves TE. Bastos MF. Figueiredo LC. Shibli JA. Duarte 

PM. Receptor activator of nuclear factor-kappa B ligand/osteoprotegerin ratio in 

sites of chronic periodontitis of subjects with poorly and well-controlled type 2 

diabetes. Journal of Periodontology. 2010; 81: 1455–1465 

29. Vieira Ribeiro F. de Mendonca AC. Santos VR. Bastos MF. Figueiredo LC. Duarte 

P M (2011) Cytokines and bone related factors in systemically healthy patients with 

chronic periodontitis and patients with type 2 diabetes and chronic periodontitis. 

Journal of Periodontology. 2011; 82: 1187–1196 

30. Duarte PM. Bezerra JP. Miranda TS. Feres M. Chambrone L. Shaddox LM. Local 

levels of inflammatory mediators in uncontrolled type 2 diabetic subjects with 

chronic periodontitis. J Clin Periodontol. 2014; 41: 11–18 

31. Colombo NH. Shirakashi DJ. Chia FY. de Lima Coutinho MS Ervolino E Adas 

Saliba Garbin C. Fabres Machado U. Sumida DH. Periodontal Disease Decreases 

Insulin Sensitivity and Insulin Signaling. J Periodontol. 2012; 83: 864-870 

32. Pacios. S.. Kang. J.. Galicia. J.. Gluck. K..Patel. H.. Ovaydi-Mandel. A.. Petrov. S.. 

Alawi. F.. Graves. D. T. Diabetes aggravates periodontitis by limiting repair 

through enhanced inflammation. FASEB J. 2012; 26: 1423–1430 

33. Kaur G. Holtfreter B. Rathmann W. Schwahn C. Wallaschofski H. Schipf S. Nauck 

M. Kocher T. Association between type 1 and type 2 diabetes with periodontal 

disease and tooth loss. J Clin Periodontol. 2009; 36: 765-774  

34. Jimenez M. Hu FB. Marino M. Li Y. Joshipura KJ. Type 2 diabetes mellitus and 20 

year incidence of periodontitis and tooth loss. Diabetes Res Clin Pract. 2012; 98: 

494-500 

35. Tanwir F. Altamash M. Gustafsson A. Effect of diabetes on periodontal status of a 

population with poor oral health. Acta Odontol Scand. 2009; 67: 129-133 

36. Susanto H. Nesse W. Dijkstra PU. Agustina D. Vissink A. Abbas F. Periodontitis 

prevalence and severity in Indonesians with type 2 diabetes. J Periodontol. 2011; 

82: 550-557 

37. Casanova L. Hughes FJ. Preshaw PM. Diabetes and periodontal disease: a two-way 

relationship. Br Dent J.. 2014; 217: 433-7 



Sperr M   

78 
 

38. Van Dyke TE. Serhan CN. Resolution of inflammation: a new paradigm for the 

pathogenesis of periodontal diseases. J Dent Res. 2003; 82: 82-90 

39. Prabhu A. Michalowicz BS. Mathur A. Detection of local and systemic cytokines 

in adult periodontitis. J Periodontol. 1996; 67: 515-522 

40. Scannapieco FA. Position paper of The American Academy of Periodontology: 

periodontal disease as a potential risk factor for systemic diseases. J Periodontol. 

1998; 69: 841-850 

41. Chapple ILC. Genco R. Diabetes and periodontal diseases: consensus report of the 

Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases. J Clin 

Periodontol. 2013; 40: S106–S112. 

42. Ogawa H. Damrongrungruang T. Hori S. Nouno K. Minagawa K. Sato M. Miyazaki 

H. Effect of periodontal treatment on adipokines in type 2 diabetes. World J 

Diabetes. 2014; 15: 924-931 

43. van Beek L. Lips MA. Visser A. Pijl H. Ioan-Facsinay A. Toese R. Berends FJ. van 

Dijk KW. Koningd F. van Harmelena V. Increased systemic and adipose tissue 

inflammation differentiates obese women with T2DM from obese women with 

normal glucose tolerance. Metabolism. 2014; 63: 492-501 

44. Allen EM. Matthews JB. O’ Halloran DJ. Griffiths HR. Chapple IL: Oxidative and 

inflammatory status in Type 2 diabetes patients with periodontitis. J Clin 

Periodontol. 2011; 38: 894–901 

45. Taylor GW. Burt BA. Becker MP. Genco RJ. Shlossman M. Knowler WC. Pettitt 

DJ. Severe periodontitis and risk for poor glycemic control in patients with non-

insulindependent diabetes mellitus. J Periodontol .1996; 67: 1085-1093 

46. Amar S. Han X. The impact of periodontal infection on systemic diseases. Med Sci 

Monit. 2003; 9: 291-299 

47. Lim SG. Han K. Kim H-A. Pyo SW. Cho Y-S. Kim K-S. Yim HW. Lee W-C. Park 

YG. Park Y-M. Association between insulin resistance and periodontitis in Korean 

adults. J Clin Periodontol. 2014; 41: 121–130 

48. Xiong X. Elkind-Hirsch KE. Xie Y. Delarosa R. Maney P. Pridjian G. Buekens P. 

Periodontal disease as a potential risk factor for the development of diabetes in 

women with a prior history of gestational diabetes mellitus. J Public Health Dent. 

2013;73: 41-49 



Sperr M   

79 
 

49. Kiran M. Arpak N. Unsal E. Erdogan MF. The effect of improved periodontal 

health on metabolic control in type 2 diabetes mellitus. J Clin Periodontol. 2005: 

32: 266–272 

50. Koromantzos PA. Makrilakis K. Dereka X. Katsilambros N. Vrotsos IA. Madianos 

PN. A randomized. controlled trial on the effect of non-surgical periodontal therapy 

in patients with type 2 diabetes. Part I: effect on periodontal status and glycaemic 

control. J Clin Periodontol. 2011; 38: 142–147 

51. Jones JA. Miller DR. Wehler CJ. Rich SE. Krall-Kaye EA. McCoy LC. 

Christiansen CL. Rothendler JA. Garcia RI. Does periodontal care improve 

glycaemic control? The department of veterans affairs dental diabetes study J of 

Clin Periodontol. 2007; 34: 46–52 

52. Yun F. Firkova EI. Jun-Qi L. Xun H. Effect of non-surgical periodontal therapy on 

patients with type 2 diabetes mellitus. Folia Medica. 2007; 49: 32–36 

53. Singh S. Kumar V. Kumar S. Subbappa A. The effect of periodontal therapy on the 

improvement of glycaemic control in patients with type 2 diabetes mellitus: a 

randomized controlled clinical trial. Int J of Diab Develop Countries. 2008; 28: 38–

44 

54. Katagiri S. Nitta H. Nagasawa T. Uchimura I. Izumiyama H. Inagaki K. Kikuchi T. 

Noguchi T. Kanazawa M. Matsuo A. Chiba H. Nakamura N. Kanamura N. Inoue 

S. Ishikawa I. Izumi Y. Multi-centerintervention study on glycohemoglobin 

(HbA1c) and serum. high-sensitivity CRP (hs-CRP) after local anti-infectious 

periodontal treatment in type 2 diabetic patients with periodontal disease. Diabetes 

Research and Clinical Practice. 2009; 83: 308–315 

55. Sun WL. Chen LL. Zhang SZ. Wu YM. Ren YZ. Qin GM. Inflammatory cytokines. 

adiponectin. insulin resistance and metabolic control after periodontal intervention 

in patients with type 2 diabetes and chronic periodontitis. Int Med. 2011; 50: 1569–

1574 

56. Chen L. Luo G. Xuan D. Wei B. Liu F. Li J. Zhang J. Effects of non-surgical 

periodontal treatment on clinical response. serum inflammatory parameters. and 

metabolic control in patients with type 2 diabetes: a randomized study. Journal of 

Periodontol. 2012; 83: 435–443 

57. Moeintaghavi A. Arab HR. Bozorgnia Y. Kianoush K. Alizadeh M. Non-surgical 

periodontal therapy affects metabolic control in diabetics: a randomized controlled 

clinical trial. Aust Dent J. 2012; 57: 31–37 



Sperr M   

80 
 

58. Tervonen T. Lamminsalo S. Hiltunen L. Raunio T. Knuuttila M. Resolution of 

periodontal inflammation does not guarantee improved glycemic control in type 1 

diabetic subjects. J Clin Periodontol. 2009; 36: 51–57 

59. Prasad H. Ryan DA. Celzo MF. Stapleton D. Metabolic syndrome: definition and 

therapeutic implications. Postgrad Med. 2012; 124: 21-30  

60. Marchetti E. Monaco A. Procaccini L. Mummolo S. Gatto R. Tetè S. Baldini A. 

Tecco S. Marzo G. Periodontal disease: the influence of metabolic syndrome. Nutr 

Metab (Lond). 2012; 9: 88 

61. D'Aiuto F. Sabbah W. Netuveli G. Donos N. Hingorani AD. Deanfield J. Tsakos 

G. Association of the metabolic syndrome with severe periodontitis in a large U.S. 

population-based survey. J Clin Endocrinol Metab. 2008; 93: 3989-3994 

62. Tu Y-K. D’Aiuto F. Lin H-J. Chen Y-W. Chien K-L. Relationship between 

metabolic syndrome and diagnoses of periodontal diseases among participants in a 

large Taiwanese cohort. J Clin Periodontol. 2013; 40: 994–1000 

63. Tonetti MS. Van Dyke TE and on behalf of working group 1 of the joint EFP/AAP 

workshop. Periodontitis and atherosclerotic cardiovascular disease: consensus 

report of the Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases. J 

Clin Periodontol. 2013; 40: S24–S29 

64. Bahekar AA. Singh S. Saha S. Molnar J Arora R The prevalence and incidence of 

coronary heart disease is significantly increased in periodontitis: A meta-analysis. 

Am Heart J. 2007; 154: 830-837 

65. Dietrich T. Jimenez M. Krall Kaye EA. Vokonas PS. Garcia RI. Age-dependent 

associations between chronic periodontitis/edentulism and risk of coronary heart 

disease. Circulation. 2008; 117: 1668-1674 

66. Dietrich. T.. Sharma. P.. Walter. C.. Weston. P.  Beck. J. The epidemiological 

evidence behind the association between periodontitis and incident atherosclerotic 

cardiovascular disease. Journal of Clinical Periodontology. 2013; 40: 70–84 

67. Pressman GS. Qasim A. Verma N. Miyamae M. Arishiro K. Notohara Y. Crudu V. 

Figueredo VM. Periodontal disease is an independent predictor of intracardiac 

calcification. Biomed Res Int. 2013; 2013: 854340 

68. Tabrizi F. Buhlin K. Gustafsson A. Klinge B. Oral health of monozygotic twins 

with and without coronary heart disease: a pilot study. J Clin Periodontol. 2007; 34: 

220–225 



Sperr M   

81 
 

69. Reyes L. Kozarov E. Herrera D. Roldan S. Progulske-Fox A. Periodontal bacterial 

invasion and infection: Contribution to cardiovascular disease. Journal of Clinical 

Periodontology. 2013; 40: 30–50 

70. Schenkein HA. Loos BG. Inflammatory mechanisms linking periodontal diseases 

to cardiovascular diseases. Journal of Clinical Periodontology. 2013; 40: 51–69 

71. Teles R. Wang CY. Mechanisms involved in the association between periodontal 

diseases and cardiovascular disease. Oral Diseases. 2011; 17: 450–461 

72. Kozarov E. Dorn B. Shelburne C. Dunn W. Progulske-Fox A. (2005) Human 

atherosclerotic plaque contains viable invasive Porphyromonas gingivalis and 

Actinobacillus actinomycetemcomitans. Arteriosclerosis. Thrombosis. and 

Vascular Biology. 2005; 25: 17–18. 

73. Kozarov E. Sweier D. Shelburne C. Progulske-Fox A. Lopatin D. Detection of 

bacterial DNA in atheromatous plaques by quantitative PCR. Microbes and 

infection/Institut Pasteur 2006. 8: 687–693 

74. Rafferty B. Jonsson D. Kalachikov S. Demmer RT. Nowygrod R. Elkind MS. Bush 

H. Kozarov E. Impact of monocytic cells on recovery of uncultivable bacteria from 

atherosclerotic lesions. Journal of Internal Medicine. 2011; 270: 273–280 

75. Tonetti MS1. D'Aiuto F. Nibali L. Donald A. Storry C. Parkar M. Suvan J. 

Hingorani AD. Vallance P. Deanfield J. Treatment of periodontitis and endothelial 

function. N Engl J Med. 2007; 356: 911-920 

76. Jockel-Schneider Y. Harks I. Haubitz I. Fickl S. Eigenthaler M. Schlagenhauf U. 

Baulmann J. Arterial stiffness and pulse wave reflection are increased in patients 

suffering from severe periodontitis. PLoS One. 2014; 9: e103449  

77. D’Aiuto F. Orlandi M. Gunsolley JC. Evidence that periodontal treatment improves 

biomarkers and CVD outcomes. J Clin Periodontol. 2013; 40: S85–S105. 

78. Dorland's Medical Dictionary. 27th edition. W.B. Saunders Company 1988. 1460 

79. Agnihotri R Gaur S. Rheumatoid arthritis in the elderly and its relationship with 

periodontitis: A review. Geriatr Gerontol Int. 2014; 14: 8–22 

80. Smolik I. Robinson D. El-Gabalawy HS. Periodontitis and rheumatoid arthritis: 

epidemiologic. clinical. and immunologic associations. Compend Contin Educ 

Dent. 2009; 30: 188-190 

81. Dev YP. Khuller N. Basavaraj P. Suresh G. Rheumatoid Arthritis among 

Periodontitis Patients in Baddi Industrial Estate of Himachal Pradesh. India: A 

Cross Sectional Study. J Clin Diagn Res. 2013; 7: 2334-2337 



Sperr M   

82 
 

82. Detert J. Pischon N. Burmester GR. Buttgereit F. The association between 

rheumatoid arthritis and periodontal disease. Arthritis Res Ther. 2010; 12: 218  

83. Rutger Persson G. Rheumatoid arthritis and periodontitis – inflammatory and 

infectious connections. J Oral Microbiol. 2012; 4 

84. Agnihotri R. Gaur S Rheumatoid arthritis in the elderly and its relationship with 

periodontitis: A review. Geriatr Gerontol Int. 2014; 14: 8–22 

85. Payne JB. Golub LM. Thiele GM. Mikuls TR. The link between periodontitis and 

rheumatoid arthritis: a periodontist's perspective. Curr Oral Health Rep. 2015; 2: 

20-29 

86. Smolik I. Robinson D. El-Gabalawy HS.Periodontitis and rheumatoid arthritis: 

epidemiologic. clinical. and immunologic associations. Compend Contin Educ 

Dent. 2009; 30: 188-90 

87. Cantley MD. Haynes DR. Marino V. Bartold PM. Pre-existing periodontitis 

exacerbates experimental arthritis in a mouse model. J Clin Periodontol. 2011; 38: 

532–541 

88. Bozkurt FY. Berker E. Akkus¸ S. Bulut S. Relationship between interleukin-6 levels 

in gingival crevicular fluid and periodontal status in patients with rheumatoid 

arthritis and adult periodontitis. J Periodontol. 2000; 71: 1756–1760 

89. Crotti T. Smith MD. Hirsch R. Soukoulis S. Weedon H. Capone M. Ahern MJ. 

Haynes D. Receptor activator NF kappaB ligand (RANKL) and osteoprotegerin 

(OPG) protein expression in periodontitis. J Periodontal Res. 2003; 38: 380–387 

90. Haynes DR. Barg E. Crotti TN. Holding C. Weedon H. Atkins GJ. Zannetino A. 

Ahern MJ. Coleman M. Roberts-Thomson PJ. Kraan M. Tak PP. Smith MD. 

Osteoprotegerin expression in synovial tissue from patients with rheumatoid 

arthritis. spondyloarthropathies and osteoarthritis and normal controls. 

Rheumatology (Oxford). 2003; 42: 123–134 

91. Bartold PM. Cantley MD. Haynes DR. Mechanisms and control of pathologic bone 

loss in periodontitis. Periodontol 2000. 2010; 53: 55–69 

92. Rosenstein ED. Greenwald RA. Kushner LJ. Weissmann G. Hypothesis: the 

humoral immune response to oral bacteria provides a stimulus for the development 

of rheumatoid arthritis. Inflammation. 2004; 28: 311–318 

93. Han JY. Reynolds MA.  Effect of anti-rheumatic agents on periodontal parameters 

and biomarkers of inflammation: a systematic review and meta-analysis. Journal of 

Periodontal and Implant Science. 2012; 42: 3-12 



Sperr M   

83 
 

94. Martinez-Martinez RE. Abud-Mendoza C. Patin˜o-Marin N. Rizo-Rodrı´guez JC. 

Little JW. Loyola-Rodrı´guez JP. Detection of periodontal bacterial DNA in serum 

and synovial fluid in refractory rheumatoid arthritis patients. J Clin Periodontol. 

2009; 36: 1004–1010 

95. Kaur S. White S. Bartold PM. Periodontal disease and rheumatoid arthritis: a 

systematic review. J Dent Res. 2013; 92: 399–408 

96. de Smit MJ. Westra J. Vissink A. Doornbos-van der Meer B. Brouwer E. van 

Winkelhoff AJ. Periodontitis in established rheumatoid arthritis patients: a cross-

sectional clinical. microbiological and serological study. Arthritis Res Ther. 2012; 

14: R222 

97. Mikuls TR. Payne JB. Yu F. Thiele GM. Reynolds RJ. Cannon GW. Markt J. 

McGowan D. Kerr GS. Redman RS. Reimold A. Griffiths G. Beatty M. Gonzalez 

S. Bergman DA. Hamilton BC. Erickson AR. Sokolove J. Robinson W. Walker C. 

Chandad F. O’Dell JR. Periodontitis and Porphyromonas gingivalis in patients with 

rheumatoid arthritis. Arthritis Rheum. 2014; 66: 1090–1100 

98. Témoin S. Chakaki A. Askari A. El-Halaby A. Fitzgerald S. Marcus RE. Han YW. 

Bissada NF. Identification of oral bacterial DNA in synovial fluid of patients with 

arthritis with native and failed prosthetic joints. J Clin Rheumatol. 2012; 18: 117-

121  

99. Ortiz P. Bissada NF. Palomo L. Han YW. Al-Zahrani MS. Panneerselvam A. 

Askari A. Periodontal therapy reduces the severity of active rheumatoid arthritis in 

patients treated with or without tumor necrosis factor inhibitors. J Periodontol. 

2009; 80: 535-540  

100. Al-Katma MK. Bissada NF. Bordeaux JM. Sue J. Askari AD. Control of 

periodontal infection reduces the severity of active rheumatoid arthritis. J Clin 

Rheumatol. 2007; 13: 134-137 

101. Global strategy for diagnosis. management. and prevention of COPD updated 2015. 

Available from http://www.goldcopd.com. 

102. Hurst JR. Vestbo J. Anzueto A. Locantore N. Müllerova H. Tal-Singer R. Miller B. 

Lomas DA. Agusti A. Macnee W. Calverley P. Rennard S. Wouters EF. Wedzicha 

JA; Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints 

(ECLIPSE) Investigators. N Engl J Med. 2010; 363: 1128-1138 

103. Stoller JK. Clinical practice. Acute exacerbations of chronic obstructive pulmonary 

disease. N Engl J Med. 2002; 346: 988–994 

http://www.goldcopd.com/


Sperr M   

84 
 

104. Bhowmik A. Seemungal TA. Sapsford RJ. Wedzicha JA. Relation of sputum 

inflammatory markers to symptoms and lung function changes in COPD 

exacerbations. Thorax. 2000; 55: 114–120 

105. Patel IS. Seemungal TA. Wilks M. Lloyd-Owen SJ. Donaldson GC. Wedzicha JA. 

Relationship between bacterial colonisation and the frequency. character. and 

severity of COPD exacerbations. Thorax. 2002; 57: 759-764 

106. Terada K. Muro S. Sato S. Ohara T. Haruna A. Marumo S. Kinose D. Ogawa E. 

Hoshino Y. Niimi A. Terada T. Mishima M. Impact of gastro-oesophageal reflux 

disease symptoms on COPD exacerbation. Thorax. 2008; 63: 951-955 

107. Linden GJ. Lyons A. Scannapieco FA. Periodontal systemic associations: review 

of the evidence. J Clin Periodontol. 2013; 40: S8–S19 

108. Si Y. Fan H. Song Y. Zhou X. Zhang J. Wang Z. Association between periodontitis 

and chronic obstructive pulmonary disease in a Chinese population. J Periodontol. 

2012; 83: 1288-1296  

109. Prasanna SJ. Causal relationship between periodontitis and chronic obstructive 

pulmonary disease J Indian Soc Periodontol. 2011; 15: 359–365 

110. Takahashi T. Muro S. Tanabe N. Terada K. Kiyokawa H. Sato S. Hoshino Y. 

Ogawa E. Uno K. Naruishi K. Takashiba S. Mishima M. Relationship between 

periodontitis-related antibody and frequent exacerbations in chronic obstructive 

pulmonary disease. PLoS One. 2012; 7: e40570  

111. Leuckfeld I. Obregon-Whittle MV. Lund MB.Geiran O. Bjørtuft Ø. Olsen I. Severe 

chronic obstructive pulmonary disease: Association with marginal bone loss in 

periodontitis. Respiratory Medicine. 2008; 102: 488–494 

112. Godara N. Godara R. Khullar M. Impact of inhalation therapy on oral health. Lung 

India. 2011; 28: 272-275 

113. Ryberg M. Moller C. Ericson T. Saliva composition and caries development in 

asthmatic patients treated with beta-2 adrenoceptor agonists: A 4-year follow-up 

study. Scand J Dent Res. 1991; 99: 212-821 

114. Levin JA. Glick M. Dental management of patients with asthma. Compendium. 

1996; 17: 284-292 

115. Yang IA. Clarke MS. Sim EH. Fong KM. Inhaled corticosteroids for stable chronic 

obstructive pulmonary disease. Cochrane Database Syst Rev. 2012; 7: CD002991 

116. Pandya D. Puttanna A. Balagopal V. Systemic effects of inhaled corticosteroids: an 

overview. Open Respir Med J. 2014; 8: 59-65 



Sperr M   

85 
 

117. Komerik N. Akkaya A. Yildiz M. Buyukkaplan US. Kuru L. Oral health in patients 

on inhaled corticosteroid treatment. Oral Dis. 2005; 11: 303-308 

118. Han ER1. Choi IS. Kim HK. Kang YW. Park JG. Lim JR. Seo JH. Choi JH. Inhaled 

corticosteroid-related tooth problems in asthmatics. J Asthma. 2009; 46: 160-164 

119. Thomas MS. Parolia A. Kundabala M. Vikram M. Asthma and oral health: a review. 

Aust Dent J. 2010; 55: 128-133 

120. Raghavendran K. Mylotte JM. Scannapieco FA. Nursing home-associated 

pneumonia. hospital-acquired pneumonia and ventilator-associated pneumonia: the 

contribution of dental biofilms and periodontal inflammation. Periodontology 2000. 

2007; 44: 164–177 

121. Craven DE. Barber TW. Steger KA. Montecalvo MA.Nosocomial pneumonia in 

the 1990s: update of epidemiology and risk factors. Semin Respir Infect. 1990; 5: 

157-172 

122. Pesola GR. Ventilator-associated pneumonia in institutionalized elders: are teeth a 

reservoir for respiratory pathogens? Chest. 2004; 126: 1401-1403 

123. Kidney Int Suppl 2; 2013 

124. Levey AS. Coresh J. Chronic kidney disease. Lancet. 2012; 379: 165-180 

125. Ioannidou E. Swede H. Disparities in periodontitis prevalence among chronic 

kidney disease patients. J Dent Res. 2011; 90: 730-734 

126. Zhao D1. Zhang S. Chen X. Liu W. Sun N. Guo Y. Dong Y. Mo A. Yuan Q. 

Evaluation of periodontitis and bone loss in patients undergoing hemodialysis. J 

Periodontol. 2014; 85: 1515-1520 

127. Brito F1. Almeida S. Figueredo CM. Bregman R. Suassuna JH. Fischer RG. Extent 

and severity of chronic periodontitis in chronic kidney disease patients. J 

Periodontal Res. 2012; 47: 426-430 

128. Sharma P. Dietrich T. Sidhu A. Vithlani V. Rahman M. Stringer S. Jesky M. Kaur 

O. Ferro C. Cockwell P. Chapple ILC. The periodontal health component of the 

Renal Impairment In Secondary Care (RIISC) cohort study: a description of the 

rationale. methodology and initial baseline results. J Clin Periodontol. 2014; 41: 

653-661 

129. Tonelli M.Pfeffer MA. Kidney disease and cardiovascular risk. Annual Review of 

Medicine. 2007; 58: 123-139 



Sperr M   

86 
 

130. Akar H. Akar GC. Carrero JJ. Stenvinkel P. Lindholm B. Systemic consequences 

of poor oral health in chronic kidney disease patients. Clinical Journal of the 

American Society of Nephrology. 2011; 6: 218-226 

131. Kao CH1. Hsieh JF. Tsai SC. Ho YJ. Chang HR. Decreased salivary function in 

patients with end-stage renal disease requiring hemodialysis. Am J Kidney Dis. 

2000; 36: 1110-1114 

132. Martins C. Siqueira WL. de Oliveira E. Primo LS. Nicolau J. Salivary analysis of 

patients with chronic renal failure undergoing hemodialysis. Spec Care Dentist. 

2006; 26: 205-208 

133. Epstein SR. Mandel I. Scopp IW. Salivary composition and calculus formation in 

patients undergoing hemodialysis. J Periodontol. 1980; 51: 336-338 

134. Kao CH. Hsieh JF. Tsai SC. Ho YJ. Chang HR. Decreased salivary function in 

patients with end-stage renal disease requiring hemodialysis. Am J Kidney Dis. 

2000; 36: 1110-1114 

135. Bastos JA. Diniz CG. Ba   stos MG. Vilela EM. Silva VL. Chaoubah A. Souza-

Costa DC. Andrade LC. Identification of periodontal pathogens and severity of 

periodontitis in patients with and without chronic kidney disease. Arch Oral Biol. 

2011; 56: 804-811 

136. Kshirsagar AV. Offenbacher S. Moss KL. Barros SP. Beck JD. Antibodies to 

periodontal organisms are associated with decreased kidney function. The Dental 

Atherosclerosis Risk In Communities study. Blood Purif. 2007; 25: 125-132 

137. Fisher MA. Taylor GW. Papapanou PN. Rahman M. Debanne SM. Clinical and 

serologic markers of periodontal infection and chronic kidney disease. Periodontol. 

2008;79:1670-1678 

138. Niedzielska I. Chudek J. Kowol I. Slabiak-Blaz N. Kolonko A. Kuczera P. Wiecek 

A. The odontogenic-related microinflammation in patients with chronic kidney 

disease. Ren Fail. 2014; 36: 883-888 

139. Kshirsagar AV. Craig RG. Moss KL. Beck JD. Offenbacher S. Kotanko P. 

Klemmer PJ. Yoshino M. Levin NW. Yip JK. Almas K. Lupovici EM. Usvyat LA. 

Falk RJ. Periodontal disease adversely affects the survival of patients with end-

stage renal disease. Kidney Int. 2009; 75: 746-751 

140. Chen LP. Chiang CK. Peng YS. Hsu SP. Lin CY. Lai CF. Hung KY. Relationship 

between periodontal disease and mortality in patients treated with maintenance 

hemodialysis. Am J Kidney Dis. 2011; 57: 276-282  



Sperr M   

87 
 

141. Siribamrungwong M. Yothasamutr K. Puangpanngam K. Periodontal treatment 

reduces chronic systemic inflammation in peritoneal dialysis patients. Ther Apher 

Dial. 2014; 18: 305-308 

142. Graziani F. Cei S. La Ferla F. Vano M. Gabriele M. Tonetti M. Effects of non-

surgical periodontal therapy on the glomerular filtration rate of the kidney: an 

exploratory trial. J Clin Periodontol. 2010; 37: 638-643 

143. Vilela EM. Bastos JA. Fernandes N. Ferreira AP. Chaoubah A. Bastos MG. 

Treatment of chronic periodontitis decreases serum prohepcidin levels in patients 

with chronic kidney disease. Clinics (Sao Paulo). 2011; 66: 657-662 

144. Sanz M. Kornman K. and on behalf of working group 3 of the joint EFP/AAP 

workshop. Periodontitis and adverse pregnancy outcomes: consensus report of the 

Joint EFP/AAP Workshop on Periodontitis and Systemic Diseases. J Clin 

Periodontol. 2013; 40: S164–S169 

145. Madianos PN. Bobetsis YA. Offenbacher S. Adverse pregnancy outcomes (APOs) 

and periodontal disease: pathogenic mechanisms. J Clin Periodontol. 2013: 40: 

S170–S180 

146. Katz J. Chegini N. Shiverick KT. Lamont RJ. Localization of P. gingivalis in 

Preterm Delivery Placenta J Dent Res. 2009: 88: 575-578 Moura da Silva G. 

147. Coutinho SB. Piscoya MD. Ximenes RA. Jamelli SR. Periodontitis as a risk factor 

for preeclampsia. J Periodontol. 2012; 83: 1388-1396  

148. Romero R. Schaudinn C. Kusanovic JP. Gorur A. Gotsch F. Webster P. Nhan-

Chang CL. Erez O. Kim CJ. Espinoza J. Gonçalves LF. Vaisbuch E. Mazaki-Tovi 

S. Hassan SS. Costerton JW. Detection of a microbial biofilm in intraamniotic 

infection. Am J Obstet Gynecol. 2008; 198: 135.e1-5  

149. Barak S. Oettinger-Barak O. Machtei EE. Sprecher H. Ohel G. Evidence of 

periopathogenic microorganisms in placentas of women with preeclampsia. J 

Periodontol. 2007; 78: 670-676 

150. Swati P. Thomas B. Vahab SA. Kapaettu S. Kushtagi P. Simultaneous detection of 

periodontal pathogens in subgingival plaque and placenta of women with 

hypertension in pregnancy. Arch Gynecol Obstet. 2012; 285: 613-619 

151. Haram K. Mortensen JH. Wollen AL. Preterm delivery: an overview. Acta Obstet 

Gynecol Scand. 2003; 82: 687-704 

152. Carta G. Persia G. Falciglia K. Iovenitti P. Periodontal disease and poor obstetrical 

outcome. Clin Exp Obstet Gynecol. 2004; 31: 47-49 



Sperr M   

88 
 

153. Michalowicz BS. Gustafsson A. Thumbigere-Math V. Buhlin K. The effects of 

periodontal treatment on pregnancy outcomes. J Clin Periodontol. 2013; 40: S195–

S208 

154. Sparks Stein P1. Steffen MJ. Smith C. Jicha G. Ebersole JL. Abner E. Dawson D. 

Serum antibodies to periodontal pathogens are a risk factor for Alzheimer's disease. 

Alzheimers Dement. 2012; 8: 196-203 

155. Sheu JJ. Lin HC Association between multiple sclerosis and chronic periodontitis: 

a population-based pilot study. Eur J Neurol. 2013; 20: 1053-1059 

156. Costa AL. Yasuda CL. Shibasaki W. Nahás-Scocate AC. de Freitas CF. Carvalho 

PE. Cendes F. The association between periodontal disease and seizure severity in 

refractory epilepsy patients. Seizure. 2014; 23: 227-230 

157. Keller JJ. Lin HC. The effects of chronic periodontitis and its treatment on the 

subsequent risk of psoriasis. Br J Dermatol. 2012; 1338-1344 

158. Vavricka SR. Manser CN. Hediger S. Vögelin M. Scharl M. Biedermann L. Rogler 

S. Seibold F. Sanderink R. Attin T. Schoepfer A. Fried M. Rogler G. Frei P. 

Periodontitis and gingivitis in inflammatory bowel disease: a case-control study. 

Inflamm Bowel Dis. 2013;19: 2768-2777  

159. Stein JM. Lammert F. Zimmer V. Granzow M. Reichert S. Schulz S. Ocklenburg 

C. Conrads G. Clinical periodontal and microbiologic parameters in patients with 

Crohn's disease with consideration of the CARD15 genotype. J Periodontol. 2010; 

81: 535-545 

160. Brito F1. Zaltman C. Carvalho AT. Fischer RG. Persson R. Gustafsson A. 

Figueredo CM. Subgingival microflora in inflammatory bowel disease patients with 

untreated periodontitis. Eur J Gastroenterol Hepatol. 2013; 25: 239-245  

161. Song JY1. Kim HH2. Cho EJ1. Kim TY1.73. The Relationship between 

Gastroesophageal Reflux Disease and Chronic Periodontitis. Gut Liver. 2014; 8: 

35-40  

162. Kaneto C. Toyokawa S. Inoue K. Inoue M. Senba T. Suyama Y. Miyoshi Y. 

Kobayashi Y. Association between periodontal disease and peptic ulcers among 

Japanese workers: MY health up study. Glob J Health Sci. 2012; 4: 42-49  

163. Keller JJ. Chung S-D. Lin H-C. A nationwide population-based study on 

theassociation between chronic periodontitis and erectile dysfunction. J Clin 

Periodontol. 2012; 39: 507–512 



Sperr M   

89 
 

164. Oğuz F. Eltas A. Beytur A. Akdemir E. Uslu MÖ. Güneş A. Is there a relationship 

between chronic periodontitis and erectile dysfunction? J Sex Med. 2013; 10: 838-

843 

165. Zadik Y1. Bechor R. Galor S. Justo D. Heruti RJ. Erectile dysfunction might be 

associated with chronic periodontal disease: two ends of the cardiovascular 

spectrum. Sex Med. 2009; 6: 1111-1116 

166. Abubekir Eltas. Fatih Oguz. Mustafa Ozay Uslu. Ender Akdemir. The effect of 

periodontal treatment in improving erectile dysfunction: a randomized controlled 

trial. J Clin Periodontol. 2013; 40: 148–154 

167. Bhagat K. Vallance P. Inflammatory cytokines impair endothelium-dependent 

dilatation in human veins in vivo. Circulation. 1997; 96: 3042-3047 

168. Vlachopoulos C. Rokkas K. Ioakeimidis N. Stefanadis C. Inflammation. metabolic 

syndrome. erectile dysfunction. and coronary artery disease: common links. Eur 

Urol. 2007; 52: 1590-1600 

169. The top 10 causes of death: http://www.who.int/mediacentre 

170. Albandar JM. Global risk factors and risk indicators for periodontal diseases. 

Periodontol 2000. 2002; 29: 177-206 

171. Johannsen A. Susin C. Gustafsson A. Smoking and inflammation: evidence for a 

synergistic role in chronic disease. Periodontology 2000. 2014; 64: 111-126 

172. Gelskey SC. Cigarette smoking and periodontitis: methodology to assess the 

strength of evidence in support of a causal association. Community Dent Oral 

Epidemiol. 1999; 27: 16-24 

173. Preshaw PM. Chambrone L. Novak KF. Smoking and Periodontal disease. In: 

Carranza FA. Forrest JL. Jepsen S. Klokkevold PR. Newman MG. Preshaw P.  

Takei HH. Toeughels W editors. Clinical periodontology. St. Louis: 

Saunders/Elsevier. 2015: 178-185  

174. Pryor WA. Biological effects of cigarette smoke. wood smoke. and the smoke from 

plastics: the use of electron spin resonance. Free Radic Biol Med. 1992; 13: 659–

676 

175. Chapple IL. Matthews JB. The role of reactive oxygen and antioxidant species in 

periodontal tissue destruction. Periodontol 2000. 2007; 43: 160–232 

176. Yanbaeva DG. Dentener MA. Creutzberg EC. Wesseling G. Wouters EF. Systemic 

effects of smoking. Chest. 2007; 131: 1557-1566 

http://www.who.int/mediacentre


Sperr M   

90 
 

177. Andelid K. Bake B. Rak S. Linden A. Rosengren A. Ekberg-Jansson A. 

Myeloperoxidase as a marker of increasing systemic inflammation in smokers 

without severe airway symptoms. Respir Med. 2007; 101: 888-895 

178. Soder B. Jin LJ. Wickholm S. Granulocyte elastase. matrix metalloproteinase-8 and 

prostaglandin E2 in gingival crevicular fluid in matched clinical sites in smokers 

and non-smokers with persistent periodontitis. J Clin Periodontol. 2002; 29: 384–

391 

179. Zappacosta B. Martorana GE. Papini S. Gervasoni J. Iavarone F. Fasanella S. 

Giardina B. De Sole P. Persichilli S. Morpho-functional modifications of human 

neutrophils induced by aqueous cigarette smoke extract: comparison with 

chemiluminescence activity. Luminescence. 2011; 26: 331–335 

180. Zhang W. Fang M. Song F. Windsor LJ. Effects of cigarette smoke condensate and 

nicotine on human gingival fibroblast-mediated collagen degradation. J 

Periodontol. 2011; 82: 1071–1079 

181. Dale DC. Boxer L. Liles WC. The phagocytes: neutrophils and monocytes. Blood. 

2008; 112: 935–945 

182.  Marjanovic M. Buhlin K. Periodontal and systemic diseases among Swedish dental 

school patients - a retrospective register study. Oral Health Prev Dent. 2013; 11: 

49-55 

183. World Health Organization Technical Report Series 621. Epidemiology. etiology. 

and prevention of periodontal diseases. Geneva. 1978 

184. Ainamo J. Barmes D. Beagrie G. Cutress T. Martin J. Sardo-Infirri J. Development 

of the World Health Organization (WHO) community periodontal index of 

treatment needs (CPITN). Int Dent J. 1982; 32: 281-291 

185. Meyle J, Jepsen S. The Periodontal Screening-Index (PSI). Parodontologie. 2000; 

11: 17-21 

186. World Health Organization. Physical status: the use and interpretation of 

anthropometry. Report of a WHO Expert Committee. World Health Organ Tech 

Rep Ser. 1995; 854: 1–452  

187. Uhl A, Bachmayer S, Puhm A, Strizek J, Kobrna U, Musalek M. Handbuch. 

Alkohol – Österreich; Band 1: Statistiken und Berechnungsgrundlagen 2013. 

http://bmg.gv.at/site2/Schwerpunkte/Drogen_Sucht/Alkohol/ 

http://bmg.gv.at/site2/Schwerpunkte/Drogen_Sucht/Alkohol/


Sperr M   

91 
 

188. Durstberger G, Bruckmann C, Matejka M. Das Wiener parodontologische 

Behandlungskonzept, Teil II. Reevaluation – weiterführende Parodontaltherapie 

(konservativ/chirurgisch) – Recall. Stomatologie. 2006; 103: 33-38   

189. http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/

gesundheitsdeterminanten/rauchen/031115.html 

190. http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/

index.html 

191. Sperr WR, Agis H, Valenta R, Bankl HC, Sillaber C, Scheiner O, Kraft D, Lechner 

K, Valent P. Effector cells in allergy: biological principles and new pharmacologic 

concepts. Wien Klin Wochenschr. 1993; 105: 677-81 

192. http://www.nimh.nih.gov/health/topics/mental-health-medications/mental-health-

medications.shtml 

 

  

http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/gesundheitsdeterminanten/rauchen/031115.html
http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/gesundheitsdeterminanten/rauchen/031115.html
http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/index.html
http://www.statistik.at/web_de/statistiken/menschen_und_gesellschaft/gesundheit/index.html
http://www.nimh.nih.gov/health/topics/mental-health-medications/mental-health-medications.shtml
http://www.nimh.nih.gov/health/topics/mental-health-medications/mental-health-medications.shtml


Sperr M   

92 
 

6. Appendix 

 

6.1. Abbreviations 

AD      Alzheimer disease 

AGE     advanced glycogen end-products 

AOD      arterial occlusive disease 

APOs      adverse pregnancy outcomes 

API        aproximal plaque index 

BMI        body mass index  

C complement component 

CGA        albuminuria category 

COPD chronic obstructive pulmonary disease 

CKD    chronic kidney disease 

CRP      c-reactive protein 

CVD      coronary vascular disease 

DM         diabetes mellitus 

ESRD      end stage renal disease 

GFR         glomerular filtration rate  

HDL high-density lipoprotein 

IBD    inflammatory bowel disease 

ICAM-1 intercellular adhesion molecule 1  

IL        interleukin 

KHK    Koronare Herzerkrankung 

MCI      mild cognitive impairment  

MMPs    matrix metalloproteinases 

MS          multiple sclerose 

OA           osteoarthritis 

OPG         osteoprotegerin 

PBI           papillary bleeding index 

PGE2 prostaglandin E2 

PSR       periodontal screening record 

PRIND   prolonged ischemic neurological deficit 

RA           rheumatoid arthritis 
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RAGE      receptor for advanced glycation end-products 

RANKL   receptor activator of nuclear factor kappa-B ligand 

ROS         reactive oxygen species 

TIA          transient ischemic attack  

TNF-alpha  tumor necrosis factor-alpha        

VCAM-1 vascular cell adhesion molecule-1 

WHO World Health Organization  
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