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I. Abbreviations 

 AAP- American Academy of Periodontology 

 ACPA- anti-citrullinated peptide antibody 

 aMCV- anti-mutated citrullinated vimentin 

 BMI- body mass index 

 BOP – bleeding on Probing 

 CAL- clinical attachment loss 

 CNS- control never smoked 

 CRP- c-reactive protein 

 CS- control, used to smoke 

 DAS28-ESR- disease activity score 

 DM- diabetes mellitus 

 DMARD- disease modifying anti-rheumatic drug 

 DNA- deoxyribonucleic acid 

 EBV- Epstein-Barr virus 

 ELISA- enzyme-linked immunosorbent assay 

 HAQ-DI- health assessment questionnaire disability index 

 HBV- hepatitis B virus 

 HbA1c-hemoglobin A1c 

 HCV- hepatitis C virus 

 HIV- human immunodeficiency virus 

 HPV- human papilloma virus 

 HLA- human leukocyte antigen 

 IDF- International Diabetes Federation 

 IFN γ- interferon gamma 

 IL- interleukin 

 LPS- lipopolysaccharides 

 MMP- matrix metalloproteinase 

 NK- natural killer cell 

 NSC- non-smokers without diabetes 

 NSDM- non-smoker diabetic patients group   
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 OHI-S-Simplified Oral Health Index 

 PMN- polymorphonuclear leukocytes 

 PD- periodontal disease 

 PG- prostaglandin  

 PNS- patient never smoked 

 PPD- probing depth 

 PS- patient, used to smoke 

 RA- rheumatoid arthritis 

 RANK- receptor activator of nuclear factor κB 

 RANKL- receptor activator of nuclear factor κB ligand 

 RF- rheumatoid factor 

 ROS- reactive oxygen species 

 SC- smoker controll group 

 SDM- smoking diabetic patients group  

 TNF- tumor necrosis factor 

 WHO- World Health Organization 
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II. Introduction 

The concept of immunity has been known since Ehrlich (1) considered it as a protection 

against infections. Now it is well-known that immune processes are much more complex, 

involving recognition, information transfer and executive functions. 

The immune system is divided into two types, innate and adaptive immune systems. 

When a pathogen crosses the physicochemical line of defense, it first encounters elements of 

the innate immune system. Once pathogens enter the body, they initiate elimination processes 

such as phagocytosis and activation of the complement and cytokine systems. The role of 

macrophages is to recognize and ingest pathogens, followed by release of alarm cytokines. 

These are interleukins, such as interleukin 1 (IL-1) and tumor necrosis factor-α (TNF-α), 

causing blood flow increase and recruitment of active nonspecific immune cells at the site of 

infection. In response to IL-6, hepatocytes produce acute phase proteins. In response to 

pathogens, cytokines (TNF-α, IL-1, IL-6, IL-12) and complement peptides C3a as well as 

C5a are produced, which activate cellular and humoral elements. 

After ingestion of the pathogen, local inflammation develops: neutrophils appear first, 

followed by monocytes, which differentiate into macrophages after being activated by 

cytokines and chemokines. These so called inflammatory cells play an important role in 

innate immunity.  

In certain circumstances, this innate protection is not enough. In this case, immature dendritic 

cells with the ingested pathogen migrate into the nearest lymph node. Meanwhile, dendritic 

cells mature and present pathogen-derived peptides on their MHC molecules to Th cells. Th 

cells interact with matching B cells, get activated, and start to divide. In response to cytokines 

released by Th cells, B cells transform to antibody-producing plasma cells, and the antibodies 

released initiate mechanisms leading to elimination of pathogens (predominantly bacteria). 

Cytokines produced by Th cells also induce Tc cell maturation to destructive lymphocytes, 

making the elimination of virus-infected cells possible. It is important to emphasize that 

during adaptive immune response, T and B memory cells are also formed, whereas in case of 

reinfection, no memory effect can be expected in innate immunity (2). 

Periodontal pathogenic bacteria and individual immune response both play a role in the 

development of periodontal disease. Therefore it is also important to overview basic 

immunological processes that explain the relationship between inflammatory reactions, being 

either periodontal or systemic in origin. 
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The aim of our study was to evaluate the relationship and interdependence between 

periodontal and systemic diseases. 

Periodontal conditions and systemic diseases influence each other (3). The most investigated 

conditions are cardiovascular diseases (4), rheumatoid arthritis (RA) (5), and diabetes 

mellitus (DM) (6-8). Other studies showed relationship with hypertension (8), osteoporosis 

(9), psoriasis (10, 11), pulmonary diseases (12), and complications in pregnancy and around 

delivery (13-16). 

The aim of our study is to evaluate the relationship between systemic diseases, including 

diabetes mellitus and rheumatoid arthritis, and periodontal disease. We investigated the effect 

of smoking on diabetes, rheumatoid arthritis, and periodontal disease. 

  

Rheumatoid arthritis 

RA is an inflammatory autoimmune disease involving several organs and organ systems. It is 

characterized by synovitis resulting bone and cartilage destruction causing deterioration of 

joint functionality and mobility. 

The disease involves 0.5-1% of the adult population with an onset at around the age of 35-

50 years (17). 

In the susceptibility to RA, human leukocyte antigens (HLAs) play a crucial role. In patients 

with HLA-DR4, the course of the disease is unfavourable; therefore, these genes are of 

prognostic significance. In genetically susceptible individuals, the disease is triggered by 

external environmental factors. In RA, triggering factors (infective antigens) may include 

viruses (hepatitis B virus (HBV), hepatitis C virus (HCV), Epstein-Barr virus (EBV), human 

immunodeficiency virus (HIV), human papilloma virus (HPV) vaccination) and bacteria 

(mycobacterium, E. coli, Chlamydia) (18, 19). 

In recent years, several true autoantibodies were detected in RA. Amongst these, anti-cyclic 

citrullinated peptide (anti-CCP), antifilaggrin, and antiperinuclear factor can be 

pathognomonic early in the disease process (20). Genetic predisposition, environmental 

factors, and autoimmune phenomena together trigger inflammation of the synovium 

(synovitis). In synovitis, inflammatory leukocytes (initially neutrophil granulocytes, followed 

by T cells and monocytes/macrophages) flow out through the vessel wall into the extravasal 

space and synovium. In arthritis, synovium is composed of T cells accumulated in the 
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interstitium, interstitial macrophages, fibroblasts, lymphocytes, and a large number of small 

vessels formed as a result of enhanced angiogenesis. Amongst proinflammatory cytokines, 

tumor necrosis factor alpha (TNF-α), interleukin 1 (IL-1), IL-6, and IL-8 play a crucial role in 

the initiation and propagation of the inflammatory process. C-reactive protein (CRP) is 

increased in RA. Some cytokines (e.g., TNF-α and IL-1), enzymes (e.g., matrix 

metalloproteinases: collagenase, stromelysin), and prostanoids (e.g., prostaglandin E2) 

produced by inflammatory cells destroy cartilage covering the end of the bones forming the 

joints and also the bone itself (21). Receptor activator of nuclear factor κB (RANK)-RANK 

ligand (RANKL) interaction plays a key role in osteoclast activation and bone erosion. 

RANKL is an important cytokine in the development and activation of osteoclasts. It is 

secreted by osteoblasts and stromal cells and binds to its receptor RANK expressed on the 

surface of osteoclast (22). RANK-RANKL interaction plays a crucial role in bone resorption, 

metabolic bone diseases, arthritis, and malignant bone tumors (23). A change in oxygen 

metabolism is seen and inflammation results in production of reactive oxygen species (ROS). 

ROS exert harmful effects on nucleic acids, proteins, and lipids by initiating a redox cascade 

(24). 

Natural killer cells (NK) are prominent components of the innate immune response and 

because of their ability to secrete a variety of cytokines they could have a disease-promoting 

or a disease-controlling role in autoimmune diseases including RA. It has been suggested that 

NK cells can play both a protective and a pathogenic role in rheumatoid arthritis. The 

interplay between NK cells and other cells of natural and specific immunity will occur 

through release of cytokines. One of the most potent osteoclastogenic cytokines which is 

pivotal in the pathogenesis of RA is TNF-α. In RA, decreased NK cell activity has been 

observed (25).  

Several studies have evaluated the relationship between RA and periodontal disease. As 

shown by Pischon et al, there is a positive correlation between RA and periodontal disease 

(26). The periodontal pathogen, Porphyromonas gingivalisis expresses the citrullinating 

enzyme peptidyl-arginine deiminase (PPAD). Compared to the general population, subjects 

with periodontal disease (PD) are at an increased risk of developing RA, and vice versa, 

which suggests that once they are established, they mutually aggravate each other (27).  
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Diabetes mellitus 

Based on International Diabetes Federation’s (IDF) data, the prevalence of DM in 2014 was 

8.5% in the 20 to 79 age group, projected to reach 592 millions in 2035 (28). 

Types of diabetes: 

1. type 1 

a. autoimmune 

b. idiopathic 

2. type 2 

3. gestational 

4. other (e.g., diseases of the exocrine pancreas, endocrinopathy, genetic 

disturbances in insulin effect) 

 

In type 1 diabetes, the pancreas is unable to produce enough insulin, which is mainly the 

result of an autoimmune process continuously destructing pancreatic beta cells (29). 

Environmental factors combined with genetic susceptibility are thought to contribute to the 

development of the disease. In genetically susceptible individuals, still mostly unknown 

environmental factors trigger cellular autoimmunity, which specifically targets pancreatic 

beta cells and causes their death. Certain viruses may play a role in disease development, such 

as Coxsackievirus B, rotavirus, mumps virus, and cytomegalovirus (30). In the development 

of diabetes some publications have also raised the role of HCV, EBV, varicella zoster, 

rubella, retrovirus (31).  

The autoimmune Type 1 diabetes is a T cell-mediated disease. The process occurring in the 

islets of Langerhans is accompanied by the appearance of one or more autoantibodies to 

different beta cell antigens. Macrophages are also critical mediators of islet inflammation due 

to their ability to secrete cytokines, such as IL-1β and TNF-α and ROS. The three cytokines 

that seem to be implicated in the inflammation of pancreatic beta cells in T1D are the 

synergic action of interferon gamma (IFN-γ) and the innate inflammatory cytokines TNF-α 

and IL-1β (32).  

Type 2 diabetes is most often related to obesity, sedentary lifestyle, and calory 

overconsumption. In addition to environmental factors, genetic predisposition also plays a 

role in disease development. Kim et al showed that NK cell activity is decreased in poorly 

controlled type 2 diabetes (33). 
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Oxidative stress facilitates ROS production, and due to elevated proinflammatory cytokine 

and chemokine levels, beta cell function is impaired. 

IL-6 together with other inflammatory cytokines induces apoptosis in pancreatic islets, 

resulting in progression of T2D. TNF-α plays and essential role in creating a linkage among 

pancreatic islet cells, insulin resistance, and obesity. Its overproduction in adipose tissue 

maintains inflammation in the pancreas, causes beta cell death, and produces additional 

insulin resistance in peripheral tissues (32). 

Patients with T2DM have more immature bone cells precursors, with increased number of 

osteoclasts and decreased osteoblasts, confirming low bone turnover and reduced cytokines 

(34). In T1DM, serum RANKL level found significanty increased (35). In T2DM, the number 

of NK cells is increased, as shown in a 2020 study (36). 

Diabetes mellitus has several complications. These include retinopathy, nephropathy, 

neuropathy, macrovascular abnormalities, prolonged wound healing, and periodontitis (37).  

DM is one of the main risk factors for developing chronic kidney disease. Diabetic 

nephropathy is the most common cause of end stage renal disease, contributing to 

approximately 45% of new cases, and is also an independent risk factor for cardiovascular 

disease (38, 39). 

Recent studies have shown that an interrelation between inflammation and metabolic 

abnormalities in diabetes leads to endothelial injury and the development of vascular 

complications. It has been suggested that the early indicator of these effects is endothelial 

dysfunction together with the development of a pro-coagulant state (40, 41). The increased 

expression of inflammatory cytokines and adhesion molecules can amplify the inflammatory 

responses, leading to an aggravation of diabetic vascular complications. Also, pro-

inflammatory cytokines TNF-α, IL-1 and IL-6 are important to mediate the pro-coagulant 

effect of damaged endothelial cells (38). 

In hyperglycemia, IL-1β, matrix metalloproteinase 8 (MMP-8), and MMP-9 levels are 

elevated (42). 

Many researchers focus on the relationship between DM and periodontitis. Due to cytokines 

and mediators involved in both diseases, these two conditions affect each other probably by 

worsening symptoms and disease manifestation vice versa.  

https://www.sciencedirect.com/topics/medicine-and-dentistry/chronic-kidney-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/diabetic-nephropathy
https://www.sciencedirect.com/topics/medicine-and-dentistry/diabetic-nephropathy
https://www.sciencedirect.com/topics/medicine-and-dentistry/end-stage-renal-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelium-injury
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-dysfunction
https://www.sciencedirect.com/topics/medicine-and-dentistry/endothelial-dysfunction
https://www.sciencedirect.com/topics/medicine-and-dentistry/procoagulant
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A strong correlation was found between periodontitis and DM (43-45) as well as between 

periodontitis and the metabolic control of DM both in type 1 and type 2 diabetes (46-52). 

However, not all results support these findings with certainty: in a 3-year follow-up study, 

Joshipura did not find a relationship between DM and periodontitis (53, 54). Some authors 

believe that the relationship is two-way (55-57), and therefore they hypothesize that 

periodontal therapy may influence DM (58) (59). A positive effect of periodontal therapy on 

DM outcomes was observed (59, 60), but results are either contradictory or not sufficiently 

detailed (61).  

 

Periodontitis 

Periodontitis is a chronic, destructive oral condition characterized by supporting tissue 

inflammation, which results in progressive loss of adhesion and bone (62). Its major symptom 

is clinical attachment loss (CAL), radiologically detectable bone destruction and is 

accompanied by pocket formation and gingival bleeding.  

Dental plaque accumulation increases the number of polymorphonuclear leukocytes (PMN) 

within a few days. PMNs release proteolytic enzymes causing tissue destruction, formation of 

plasma cell-rich scar tissue, and decrease of gingival collagen content, and the number of 

lymphocytes increases within 20 days (63).  

In periodontitis, bacterial strains of the oral biofilm interfere with the body’s defense 

mechanisms. Bacteria have both direct and indirect effects. Direct destruction is mediated by 

proteolytic enzymes and endotoxins. Their indirect effect exerted via endotoxins 

(lipopolysaccharides (LPS)) may trigger a strong immune reaction.  Activation of the immune 

system results in inflammation and immune response (64, 65). Inflammatory cytokines play 

an important role in the initiation of immune response. They attract PMN to the site of 

inflammation, stimulate osteoclasts and bone resorption, increase production of the collagen-

degrading enzyme MMP, and inhibit bone formation. By affecting the bone marrow, they 

increase the number of white blood cells and stimulate macrophage functions. The level of C 

reactive protein and prostaglandin E2 (PGE2) is elevated. PGEs enhance the effect of 

inflammatory cytokines, stimulate MMP production, and induce bone resorption. At the same 

time, IL-1β and TNF-α levels also increase (66). An increase in the presence and 
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concentration of these inflammatory mediators can also be observed in diabetes mellitus (67, 

68). 

The pathological changes occurring during progression of chronic periodontitis are 

summarized in a 2009 publication by Ohlrich et al (69).Table 1. 

An increase in PMN count and TNF alfa can already be observed in the initial lesion. In the 

progressive lesion, B cell response dominates, IL-1 és IL-6 are increased, and connctive 

tissue lost and bone breakdown is seen.  

In the advanced lesion, high levels of IL-6, TNF and PGE2 stimulate fibroblasts and 

macrophages to produce more MMP. PG enhances the effect of inflammatory mediators 

which induce edema and stimulate MMP production. MMPs are classified into six subgroups. 

From a parodontological point of view, collagenase subgroup consisting of MMP-1, MMP-8, 

and MMP-13 is of particular importance. MMPs can modulate the severity and progression of 

periodontitis. Granulocytes released during periodontal tissue inflammation activate and 

secrete MMP-8. Activated enzymes degrade the collagen layer of dense connective tissue, 

thereby immune cells, including granulocytes, macrophages, and osteoclasts, can reach the 

source of inflammation. 90-95% of collagenolytic activity of sulcus fluid is originated from 

MMP-8 (70). 

RANKL expression in periodontal tissues is a very complicated process that involves many 

factors. RANKL is identified in lymphocytes, stromal cells, and many other cell types in 

periodontal tissues which play an important role in direct or indirect regulatory roles.  

According to the study of Wilensky published in 2000, the number and effect of NK cells is 

questionable. Based on immunohistochemistry results, some authors deny interaction (71). 

However, positive correlation is more likely. According to Fijita and Stelin, the number of 

NK cells is increased in periodontitis (72, 73). This finding is supported by in vitro 

experiments, where the number of NK cells is elevated in the presence of 

periodontopathogenic bacteria (P. gingivali, A. actinomycetemcommitans, F. nucleatum (74, 

75). Periodontitis induces excessive ROS production in periodontal tissue, clinical studies 

have shown that periodontitis is correlated with increased lipid peroxidation in gingival 

crevicular fluid (76). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/lipid-peroxidation
https://www.sciencedirect.com/topics/medicine-and-dentistry/gingivitis
https://www.sciencedirect.com/topics/medicine-and-dentistry/gingivitis
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Cytokines such as IL-1β and TNF-α can upregulate RANKL expression in periodontal cells 

and increase osteoclast formation (77). 

 

Table 1.: The immunpathogenesis of chronic periodontitis (Olrich et al. 2009) 

New periodontal classification: 

The 2018 classification introduced a number of modifications to the 1999 American 

Academy of Periodontology (AAP) classification. At the initial examination, staging is done, 

which describes severity. Grading describes disease progression, biological background, the 

effect of periodontitis on general health, and risk factors, such as diabetes mellitus or smoking 

(78). Determinants of clinically healthy periodontium include health status and smoking as 

internal and external environmental factors, respectively. 

We started our study before publication of the new classification, therefore the at that time 

relevant, accepted classification was used. The 2018 classification has high clinical 

specificity. Many variables are to be considered (4 stages, 3 classes, and many other 

modification factors), therefore it is difficult to use for epidemiological studies. Moreover, 

due to the many groups and classes, it is difficult to perform interpretable statistical analyses.  

Initial lesion Up to 4 days following plaque accumulation. Polymorphonuclear leukocytes (PMN), 

complement activation, loss of connective tissue. Mast cells release tumor necrosis 

factor alpha, PMNs migrate into the gingival sulcus, but as the bacteria are protected 

by the biofilm, abortive phagocytosis occurs. PMNs release lysosomalcontents, 

which leads to further tissue destruction 

Early lesion/Stable 

lesion 

7-21 days after plaque accumulation, clinically evident approximately from Day 12. 

Dominantly macrophages and lymphocytes (CD4+:CD8+2:1).Perivascular 

inflammatory infiltrate. Intercellular spaces between epithelial cells widen, bacterial 

products infiltrate the gingival tissues at a higher rate. Escalation of response. If 

plaque is removed, tissue remodeling can take place 

Established/Progressive 

lesion 

Dominantly B cell/plasma cell response. High levels of IL-1 and IL-6: connective 

tissue loss, bone breakdown 

Advanced lesion Overt loss of attachment. High levels of IL-1, TNFaand PGE2 stimulate fibroblasts 

and macrophages to produce matrix metalloproteases. The junctional epithelium 

progresses in apical direction (deepening periodontal pocket) 
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Smoking 

Smoking is a global public health issue and is defined by World Health Organization (WHO) 

as one of the most important risk factors of oral cancer. In 2015, over 1.1 billion people 

smoked tobacco, which was the cause of more than one in ten deaths worldwide, killing 

alltogether above 6 million people. Although smoking prevalence and the caused morbidity 

so as mortality seem to be falling in most rich countries, but there is a predilection in low- and 

middle-income countries for future mortality increase. Worldwide a total of 933 million 

people, so as 1 in 4 men are estimated to be daily smokers, whereas 4/5th of these individuals 

live in low- and middle income countries (79). 

Smoke not only induces airway and lung inflammation, but also systemic cellular and 

humoral inflammation and oxydative stress, significantly changes vasomotor and endothelial 

function, and increases concentration of several coagulation factors. These systemic effects of 

smoking lead to the development of chronic conditions, such as cardiovascular and metabolic 

diseases and malignancies induced by smoking (80). 

Smoking modulates immune function in many ways: it inhibits bactericidal function of 

macrophages and neutrophils and production of several proinflammatory cytokines, 

suppresses primary immune response, and causes T cell anergy (81). These effects can favor 

the occurrence of infections considered as risk factors for both RA and DM, such as 

Coxsackievirus B, rotavirus, mumps virus, and cytomegalovirus, HBV, HCV, and EBV. 

Oxidative substances released from tobacco smoke (ROS) damage epithelial cells lining the 

airways by inducing peroxidation of lipids and other cell membrane constituents, activate 

oxidative-sensitive cellular pathways, and induce deoxyribonucleic acid DNA damage (82).  

ROS activate epithelial cell intracellular signaling cascades that lead to inflammatory gene 

activation IL-8 and TNFα. The secretion of these inflammatory mediators promotes chronic 

immune cell recruitment and inflammation. 

Smoke suppresses certain T helper 1 responses and facilitates Th2 inflammatory reactions. 

Cozen et al found elevated levels of IL-13 and IL-5 in smokers (83).  

In smokers, less NK cells are produced. The role of NK cells is the body’s innate protection 

against microbes and cells underwent malignant transformation. In smokers, cytotoxic effects 

of NK cells decrease (84). 

Interferons (type 1 IFN α and -β and type 2 IFN γ), IL-18, and TNF also stimulate NK cells. 

In smokers, MMP-8 levels are also elevated (85). Smoking modulates the RANK/RANKL 

system, and cigarette smokers tend to have higher serum concentrations of RANKL (86).  
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Smoking has a direct harmful effect on the periodontium, and nicotine negatively affects 

fibroblasts. Due to the negative effect of nicotine on circulation, the intensity of gingivitis is 

always lower in smokers (87).  

Bacteriology examinations have shown that in smokers, periodontopathogenic 

microorgansims appear earlier and in larger proportion (88). 

Smoking affects immunity, promotes colonization of periodontopatogenic bacteria and 

locally acts as an irritant.  

It is obvious that inflammatory processes are performed via the same routes and mediators 

when the systemic diseases we reviewed,  periodontal disease, and smoking are present. Thus 

it seems clear that these conditions closely affect and aggravate each other. Table 2. 

summarizes mediators involved in the discussed systemic diseases and smoking. 

 

 

 
Inflammatory cytokines 

(IL-1, IL-6, TNF-α) 

ROS 

↑ 

MMP 

↑ 

Changes in 

NK activity 

RANK/RANKL 

modifications 

DM 

DMT1: TNFα,  IL-1β, IL-

6 

DMT2: TNFα, IL-6 

  
NK cell  

number ↑ 
RANKL ↑ 

RA 
TNFα, IL-1, IL-6, IL-8, 

PGE2   
NK 

activity ↓ 
RANKL ↑ 

PD IL-8, TNFα, PMN 
  questionable 

 

RANKL ↑ 

Smoking TNFα, IL-8, IL-5, IL-13 
  NK ↓ RANKL ↑ 

 

Table 2.: Diabetes mellitus (DM), rheumatoid arthritis (RA), periodontal disease (PD),  

and mediators in smokers 

As the above shown table suggests, these diseases might have a strong connection. Therefore, 

we wanted to test these hypotheses, if these connections can be also seen in patients suffering 

in DM or RA and PD. Also as the role of smoking is quite unmapped yet, and as the 

theoretical background suggests, this might play an essential role in the worsening of these 

conditions.  

https://szotar.sztaki.hu/search?searchWord=questionable&fromlang=eng&tolang=hun&outLanguage=hun
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III. Aims of the study 

Rheumatoid arthritis 

1. We wished to find out about if smoking acts as a booster of periodontal deterioration also 

in the context of RA. Later this hypothesis was modified to previous smokers. 

2. We hypothesized that the periodontal status of patients with no smoking history would be 

significantly poorer than that of healthy controls (the effect of RA).   

3. We were also interested in the relationship between rheumatological factors and 

periodontal status. 

 

Diabetes mellitus 

1. We hypothesized that the periodontal status of patients with DM with no smoking history 

would be significantly poorer than that of healthy non-smoking controls, and that 

periodontal status in the former would be further exacerbated by smoking. 

2. We aimed to find out if periodontal status is different in patients with type 1 and type 2 

diabetes. 

3. We aimed to investiagte, the relationship between glycemic control and periodontal 

disease. 
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IV.  Material and Methods 

Rheumatoid arthritis 

Our study had three observed parameters: rheumatoid arthritis, periodontal disease, and 

smoking. 

 

Patients, exclusion criteria 

RA patients were recruited from among the patients of the Department of Rheumatology, 

University of Szeged. The control group was recruited from among people attending 

mandatory lung screening in the same city and the same period. The study was approved by 

the Institutional and Regional Ethics Committee for Medical Biological Researchat the 

University of Szeged (approval No.144/2014), and the study design conformed to the 

Declaration of Helsinki in all respects. Demographic and tobacco use data were collected by a 

questionnaire. Written informed consent was obtained from all participants. 

Demographic and tobacco use data were collected by a questionnaire. Participants were 

divided into four demographic groups. 

1. CNS - control, never smoked  

2. CS - control, used to smoke 

3. PNS - patient, never smoked 

4. PS-patient, used to smoke  

 

Exclusion criteria were determined based on the literature of the subject and included obesity 

(body mass index - BMI≥30 kg/m
2
), excessive alcohol consumption, drug abuse, diabetes 

mellitus, diseases causing neutropenia and local or systemic inflammatory conditions (other 

than RA) (89). Those patients who should receive antibiotic prophylaxis or those who 

received antibiotics within 2 weeks prior to study initiation and patients wearing orthodontic 

braces were also excluded from the study.  

Pregnant women, patients receiving oncological therapy, toothless patients or patients with 

less than 3 teeth were excluded from the study. Poor oral hygiene, defined as Simplified Oral 

Health Index (OHI-S)- > 3 was also an exclusion criterion. For the Simplified Oral Hygiene 
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Index, only six surfaces (from four posterior and two anterior teeth) are examined for debris 

and calculus (90). 

Rheumatological parameters 

To characterize the patient population from a rheumatological point of view, the following 

indices and laboratory values were recorded: IgM rheumatoid factor seropositivity and levels 

(RF) measured with nephelometry, anti-citrullinated peptide antibody (ACPA) seropositivity 

and levels with antigenic specificity to anti-mutated citrullinated vimentin (aMCV) measured 

with enzyme-linked immunosorbent assay (ELISA), disease activity score (DAS28-ESR) at 

the latest visit and its average of the past 12 months, and the health assessment questionnaire 

disability index (HAQ-DI). Data on the conventional and biological disease modifying anti-

rheumatic drug (DMARD) and corticosteroid therapy of the patients were also recorded. 

Laboratory values were determined as part of the routine examinations (i.e. not especially for 

this study). 

Periodontal parameters 

We used the staging proposed by Fernandes and colleagues (62). The reason for using this 

classification was that its clinical staging matches the pathological/pathophysiological 

changes in PD very well (69), and that our research team already had experience with it 

(11). The staging requires the following parameters to be recorded: bleeding on probing 

(BOP; the presence or absence of bleeding within 15 s after probing), probing depth (PPD; in 

millimeters), and clinical attachment loss (CAL; distance of the cemento-enamel junction 

from the bottom of the pocket). All subjects received a full-mouth examination and their 

periodontal status was classified into one of the four categories of the staging:  

1. Healthy: no clinical attachment loss (CAL) or bleeding on probing (BOP)  

2. Early periodontitis: CAL ≥1 mm at ≥2 teeth  

3. Moderate periodontitis: CAL ≥4 mm at 3 locations and PPD ≥3 mm in at least 

2 locations  

4. Severe/manifest periodontitis: CAL ≥6 mm at ≥2 teeth and PPD ≥5 mm ≥ at 

1 location.  
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For the examination, Williams probes (Hu-Friedy Manu-facturing Co., Chicago, USA) were 

used. 

Smoking parameters 

Tobacco use data were collected by a questionnaire. Our study design was to identify 

smoking and non-smoking groups, but our patients turned out to be non-smokers. We 

managed to find only a few (8 in total) smoker RA patients; therefore, study parameters were 

modified. 

The majority of our patient sample consisted of non-smokers and former smokers. Former 

smoking was defined as smoking for at least 10 years.  

Statistical analysis 

Required sample size was calculated with G*Power 3.1.5. (University of Kiel, Germany), a 

software designed especially for statistical power and sample size computation (91). The 

software allows the computation of achieved statistical power (post-hoc) and required sample 

size (a priori). As mostly categorical variables were to be analyzed, a priori sample size 

estimation was performed for cross tabs/chi square/contingency tables, with the following 

input parameters: effect size (w): 0.3; α: 0.05; power (1-β): 0.9; df: 3. 

Within-group analyses (Mann-Whitney U tests) were also performed in the patient group, 

according to the smoking status. For the analyses, SPSS 21.0 (IBM,USA) was used. 
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Diabetes mellitus  

Patients, exclusion criteria 

Diabetic patients were recruited form the 1st Department of Internal Medicine of the 

University of Szeged, Faculty of General Medicine, Albert Szent-Györgyi Medical Centre, 

and the control group was recruited from among people attending mandatory lung screening 

in the same city and the same period. Before enrollment, all participants were informed about 

the study. Participation was voluntary, and written informed consent was obtained from each 

participant.  

The protocol of the study conformed to the tenets of the Declaration of Helsinki in all 

respects, and it was approved by the Regional Research Ethics Committee for Medical 

Research at the University of Szeged, Hungary (144/2014-B/001, accepted 2014, modified in 

2019). Participants were divided into four groups. 

1. SDM - smoker diabetic patients group  

2. NSDM - non-smoker diabetic patients group  

3. SC - smoker control group  

4. NSC - non-smoker control group 

 

The exclusion criteria for all groups were determined based on relevant literature and 

included obesity (BMI ≥ 30 kg/m
2
), excessive alcohol consumption, drug abuse, rheumatoid 

arthritis and diseases causing neutropenia and local or systemic inflammatory conditions 

(other than DM) (89). Poor oral hygiene, defined as a Simplified Oral Health Index (OHI-S) 

score > 3 (90) was also an exclusion criterion. Pregnant women, patients receiving cancer 

therapy, toothless patients or patients with < 3 teeth, patients with a serum creatinine level ≥ 

1.6 mg/dL, and patients with hemoglobinopathy or any other type of hemorrhagic disorder 

were excluded from the study. Patients in need of antibiotic prophylaxis for any reason or 

who had received antibiotics within 2 weeks prior to study initiation were also excluded, as 

were individuals wearing orthodontic braces. 

 

 

 

 



21 
 

Diabetological parameters 

Control of diabetes was estimated by measuring hemoglobin A1c (HbA1c) levels in the 

peripheral blood (92). Glucose bound to hemoglobin indicates the amount of the glycemic 

control. As the lifespan of red blood cells is 8 to 12 weeks, actual HbA1c level reflects the 

average blood glucose level approximately in the last 3 months. Accordingly, laboratory 

examinations are performed every 3 months, therefore diabetes control of the last 9 months 

was determined from the last 3 measurements. Patients were assigned into 3 groups based on 

the arithmetic mean of the last 3 measurements (62). 

 

1. Well-controlled, if HbA1c is ≤7%  

2. Moderately controlled, if HbA1c is >7.01% and ≤8.5%  

3. Poorly controlled, if HbA1c is >8.5%  

Periodontal parameters 

Periodontal status of the patients was assessed by full oral examination, where probing depth: 

PPD (distance between the marginal gingiva and the bottom of the periodontal pocket), 

bleeding on probing: BOP, clinical attachment loss: CAL (distance of the cemento-enamel 

junction from the bottom of the pocket), and the amount of plaque were evaluated. Probing 

depth, bleeding, clinical attachment loss, and the amount of plaque was measured at six 

locations per tooth (mediobuccally, buccally, distobuccally, distolingually, lingually, and 

mediolingually) except for the wisdom teeth (which were not evaluated in this study). 

Williams probes (Hu-Friedy Manufacturing Co. Chicago, USA) were used. 

For the assessment of periodontal status, the same classification and periodontal 

characteristics were used as described previously in the rheumatoid arthritis- periodontal 

parameters section.  

From an immunological/pathological aspect, two stages (healthy/early and moderate/severe) 

can be distinguished based on the main pathomechanisms. The reason for using this 

classification was that its clinical staging is in line with the pathological/pathophysiological 

changes in PD (69). Therefore, data recorded on the basis of Fernandes classification were 

treated as binary (mild/severe) variables.  
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Smoking parameters 

Smoking habits were evaluated by using a self-administered questionnaire. A smoker was 

defined as a person who reported smoking at least two cigarettes for an uninterrupted period 

of 1 year prior to study initiation. A non-smoker was defined as a person with no self-reported 

tobacco use for 30 years prior to study initiation. Former smokers were not included in the 

sample. 

Statistical analysis 

Statistical analyses were performed in SPSS version 21.0 statistical software (IBM Corp., 

Armonk, NY, USA). Continuous variables were described as means ± SD, and categorical 

variables were characterized as frequencies. For hypothesis testing, one-way analysis of 

variance (ANOVA; with Tukey’s post-hoc test) or Kruskal–Wallis ANOVA (with Mann–

Whitney U tests for the pairwise comparisons) were used, depending on whether the 

normality and homogeneity assumptions were fulfilled. To test the association between 

categorical variables, we used the chi-square test. If a significant association was found, the 

dataset was further analyzed with Kruskal–Wallis ANOVA (with Mann–Whitney U tests for 

the pairwise comparisons). The general limit of significance was set at p = 0.05, but it was 

corrected for multiple comparisons with the Bonferroni correction where necessary. 
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V. Results 

Rheumatoid arthritis 

Demographic and tobacco use characteristic 

As we mentioned, we defined four demographic groups. 

The demographic and tobacco use characteristics of the four studied groups are given in 

Table 3. It can be seen that the vast majority of the participants were females. This is because 

RA affects predominantly women and the control group was selected to match the patient 

group age- and gender-wise as closely as possible. 

 

 

Group 
Sex ratio 

F(%):M(%) 

Smoke-free for 

(mean years, SD) 

Smoked for 

(mean years, SD) 

Cigarettes 

smoked per 

day (rounded 

average, SD) 

Age in years 

(mean, SD) 

CNS (n= 55) 44(80):11(20 ) NA NA NA 55.7 (13.3) 

CS (n= 22) 12(54):10 (45) 11.3(12.5) 13.8(10.2) 11 (7.9) 58.1 (13.5) 

PNS (n= 42) 33(79): 9 (21) NA NA NA 56.5 (12.7) 

PS (n= 31) 24(77):7 (23) 16.4(12.2) 18.3(11.4) 14 (10.2) 59.3 (13.6) 

 

Table 3.: Demographic and tobacco use characteristics 

CNS control, never smoked, CS control, used to smoke, PNS patient, never smoked, PS patient, used 

to smoke 

 

The within-group comparisons in the patient group did not indicate significant difference in 

any of the rheumatological indices between former smoking and non-smokers. To test the 

effect of RF positivity on periodontal status, a separate multinomial regression analysis was 

conducted. While no statistically significant effects were found, seropositivity for RF 

increased the odds of the moderate stage to 1.65, and that of the severe stage to 2.51. The 

rheumatological indices of the patient group are summarized in Table 4. 
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Rheumatoid factor positivity [> 30 U/ml] n (%) 
FS 20 (64.5) 

NS 24 (57.1) 

Anti-citrullinated peptide antibody positivity 

[> 20 U/ml] n(%) 

FS 20 (64.5) 

NS 25 (59.5) 

Patients on conventional DMARD therapy n (%) 
FS 25 (80.6) 

NS 36 (85.7) 

Patients on biological DMARD therapy n (%) 
FS 17 (54.8) 

NS 18 (42.8) 

DAS28 at visit mean (SD; range) 
FS (n = 21) 3.10 (1.42; 0.97–6.52) 

NS (n = 35) 2.94 (1.30; 0.79–6.33) 

Average DAS28 in the previous 12 months mean 

(SD; range) 

FS (n = 10) 3.20 (1.68; 1.38–5.22) 

NS (n = 8) 2.41 (1.30; 1.20–5.30) 

HAQ mean (SD) 
FS 

 
(n = 15) 0.98 (0.84) 

 

NS 
 
(n = 7) 2.21 (0.70) 

 

 

Table 4.:  Rheumatological characterization of the patient population by smoking in patient history 

FS former smoker, NS never smoked, DMARD disease-modifying antirheumatic drug, DAS28 disease 

activity score, HAQ score on the health assessment questionnaire for rheumatoid arthritis. Where 
data from not all patients were available, the actual number of patients is given in parentheses 

 

The periodontal status and CAL data of each group is shown in Table 5. It is noteworthy that 

while the majority of the cases in both control groups falls into the healthy and early stages, 

in the patient groups the situation is just the opposite. This tendency is the most remarkable 

among the patients who used to smoke. 81% of them were classified as having moderate or 

severe PD. Note also that in the patient groups nobody was found who could be classified as 

periodontally healthy. 

When assessing CAL values, it can be concluded that highest values are observed in the PS 

group, followed by PNS and control groups.  
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 Rheumatoid arthritis Control 

Total n =73 
CAL 

3.55(±1.62) 
n=77 CAL 2.03(±1.17) 

 PNS PS CNS CS 

Total n=42 

CAL 

3.18 

(±1.39) 

n=31 

CAL 

4.06 

(±1.79) 

n=55 

CAL 

2.08 

(±1.26) 

n=22 

CAL 

1.91 

(±0.89) 

Healthy 0 NA 0 NA 
8 

(15) 

0.67 

(±0.30) 

4 

(18) 

0.76 

(±0.89) 

Early 
12 

(29) 

1.81 

(±0.21) 

6 

(19) 

1.89 

(±0.31) 

30 

(55) 

1.52 

(±0.39) 

12 

(55) 

1.76 

(±0.37) 

Moderate 
22 

(52) 

3.07 

(±0.32) 

12 

(39) 

3.50 

(±0.89) 

13 

(24) 

3.35 

(±0.21) 

5 

(23) 

3.19 

(±0.25) 

Severe 
8 

(19) 

5.52 

(±1.21) 

13 

(42) 

5.57 

(±1.46) 
4 (7) 

4.99 

(±0.14) 
1 (5) 

4.72 

(±NA) 

 

Table 5.:  Periodontal status of the participants, according to Fernandes et al.(62) 

Data are given as n (%, rounded percantages), CAL (mm, mean±SD) 

 

The results of the multinomial regression analysis are given in Table 6.  The analysis 

indicated no significant influence of either age or sex on periodontal status. Male sex appears 

to be associated with an increased risk for both the moderate and the severe stages, but given 

the under-representation of the male sex in this study, we would not draw conclusions from 

this. As for the odds of developing the moderate or severe stages, these were significantly 

higher in both patient groups for both stages as compared to controls who never smoked.  

Controls who used to smoke did not have significantly higher odds to develop any of these 

stages than controls who never smoked, while an increment was definitely seen. The highest 

significant odds ratio for the severe stage (16,25) was found in the RA group of FS.  
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Periodontal status 

(reference: early) 
 B df Sig. Exp(B) 95%Clfor Exp(B) 

moderate 

PS 1.529 1 0.011 4.616 1.423-14.966 

PNS 1.442 1 0.003 4.231 1.623-11.030 

CS 0.932 1 0.090 2.538 0.866-7.442 

CNS - - - - - 

Male sex 0.223 1 0.643 1.250 0.487-3.212 

Age 0.002 1 0.896 1.002  

severe 

PS 2.788 1 0.000 16.250 3.917-67.412 

PNS 1.609 1 0.022 5.000 1.265-19.762 

CS 0.405 1 0.666 1.500 0.238-9.465 

CNS - - - - - 

Male sex 0.839 1 0.867 2.315 0.703-7.619 

Age 0.028 1 0.176 1.029 0.972-1.033 

 

Table 6.: Results of the multinomial regression analysis 
 

The odds ratios (Exp(B)) express the odds that a member of the given group develops the given stage 
of periodontal disease. Controls who never smoked and early stage periodontal disease served as 

reference (as no periodontally healthy individuals were found in the patient group, healthy could not 
be used as reference). B: correlation coefficient; df: degrees of freedom 
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Diabetes mellitus 

Selected groups 

A total of 128 participants were enrolled into the study. Subjects were assigned into four main 

study groups, as mentioned earlier in the material and methods. 

Each group consisted of 32, age- and sex-matched participants. Participants of the control 

group came for screening, and they had no systemic diseases. Exclusion criterias have also 

been mentioned earlier.  

Diabetic patients were compared to age- and sex-matched controls, and both type 1 and 

type 2 diabetic patients were investigated. Mean age was 44.36 and 58.3 years for type 1 and 

type 2 diabetes, respectively. The following table (Table 7.) summarizes the resulting 

demographic and tobacco use characteristics and the periodontal status in the examined 

groups according to Fernandes et. al  (62). 

Table 7.: Descriptive statistics of patient and control groups 

Values in table are presented as the mean ± standard deviation (SD) or as frequencies (number of 
observations with the percentage in parenthesis) CAL Clinical attachment level (distance between the 
cemento-enamel junction and the bottom of the pocket), F female, M male, PPD probing pocket depth 
(distance between the marginal gingiva and the bottom of the periodontal pocket), T1D/T2D type 
1/type 2 diabetes 

 Diabetes patient groups Control groups 

Age    

Smoker subsample 54.513.4 54.013.6 

Non-smoker subsample 54.313.9 54.513.9 

Sex ratio   

Smoker subsample 18F:14M (56.25%:43.75%) 20F:12M (62.5%:37.5%) 

Non-smoker subsample 18F:14M (56.25%:43.75%) 22F:10M (68.75%:31.25%) 

CAL (mm)   

Smoker subsample  2.941.60 2.511.32 

Non-smoker subsample  2.831.51 2.501.24 

PDD (mm)   

Smoker subsample  2.601.25 2.271.06 

Non-smoker subsample  2.711.28 2.300.98 

Number of teeth (n)    

Smoker subsample 168.0 19.27.5 

Non-smoker subsample 187.9 20.75.7 

T1D subsample 22 ± 6.5 NA 

T2D subsample 16.2 ± 7.7 NA 
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Group membership was significantly associated with the severity of PD (χ
2
 = 36.910, 

p = 0.000; see also Table8. Subsequent analysis of the data using Kruskal–Wallis ANOVA 

revealed significant variance across the four groups in terms of severity of PD (H 

(3) = 25.659, p = 0.000). The pairwise comparisons showed a significant difference in severity 

of PD between the SC and NSC groups (p = 0.027) and between the NSC and SDM groups 

(p = 0.000); the difference between the NSDM and SDM groups was nearly significant 

(p = 0.052). Of note is that no one in the two smoker groups was classified as having good 

periodontal health. As shown in Table 8., the significant between-group differences most  

probably were due to differences in the frequency of the severe stage of PD across the groups, 

with the lowest frequency of severe PD found among those in the NSC group (15.6%), 

followed in increasing order of frequency among those in the NSDM group (28.1%) and SC 

group (31.3%), peaking in the SDM group (62.5%). The other stages of PD did not show such 

notable between-group differences (apart from the already mentioned healthy stage, but the 

frequency of this stage was quite low in all groups). It is remarkable that while the stages of 

PD followed a normal distribution in the healthy, non-smoking controls, smoking seemed to 

cause a shift toward the middle of the severity spectrum, and when smoking was combined 

with DM, a marked shift toward the most severe stage was observed. 

Pairwise comparisons (Tukey’s HSD [honestly significant difference] test) indicated that 

patients in the SDM group had significantly fewer teeth (mean ± SD: 16.0 ± 7.9) than 

subjects in the NSC group (20.7 ± 5.6) at p = 0.02. No other comparison returned a significant 

result. There was stepwise difference in the mean number of teeth between groups, with 

patients in the SDM group having the lowest mean number of teeth and subjects in the NSC 

group having the highest (see also Table 7). In terms of the number of teeth by DM type, 

patients with T1D had significantly more teeth than patients with T2D (22 ± 6.5 vs. 

16.2 ± 7.7; p = 0.01). 
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Study groups 

Healthy 

periodontal 

status 

Early PD Moderate PD Severe PD 

NSC 4 (12%) 11 (34%) 12 (37%)  5 (16%) 

SC 0 (0.0%) 3 (9%) 19 (59%) 10 (31%) 

NSDM 2 (6%) 2 (6%) 19 (59%)  9 (28%) 

SDM 0 (0.0%) 1 (3%) 11 (34%) 20 (63%) 

Table 8.: Severity of periodontal disease by study group, according to Fernandes et al.(62) 

 

Values in table are presented as the frequency (number with percentage in parentheses)  PD 
periodontal disease 

Study groups categorized by periodontal disease: SDM, smoking patients with DM; NSDM, non-
smoking patients with DM; SC, smokers without DM (control group); NSC, non-smokers without DM 
(control group) 

 

Table 9.: Severity of periodontal disease by glycemic control as assessed by hemoglobin A1c status 

Values in table are presented as the frequency (number with percentage in parentheses) 
Hemoglobin A1c (HbA1c) status: WC (well-controlled): HbA1c ≤ 7%; MC (moderately controlled): 
HbA1c > 7.01%,≤ 8.5%; PC (poorly controlled): HbA1c > 8.5% 

 

Diabetes Type, Glycemic Control and Periodontal Status 

There was no significant association between the type of diabetes (T1D or T2D) and 

periodontal status (χ
2
 = 6.190, p = 0.103), and the distribution of the four stages of periodontal 

status was almost the same in these two diabetic subgroups, with the exception that severe PD 

was 17.5% more frequent in the T2D subgroup than in the T1D subgroup. However, T2D was 

over-represented in the study sample (ntype2 = 42 vs. ntype1 = 22), so the validity of this 

observation cannot be established with safety. There was also no significant association 

between diabetes control and the severity of PD (χ
2
 = 15.503, p = 0.078), but the results of the 

HbA1c status 
Healthy 

periodontal status 
Early PD Moderate PD Severe PD 

WC 1 (6.3%)  
 

0 (0.0%) 9 (56.3%) 6 (37.5%) 

MC 1 (4%) 2 (8.0%) 12 (48%) 10 (40%) 

PC 0 (0.0%) 1 (4.3%) 9 (39.1%) 13 (56.5%) 
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analysis suggest that the frequency of the severe stage increased with the worsening of 

diabetes control (nwell controlled = 6; nmoderate = 10; nmpoorly controlled =13; see Table 9.). 

A significant difference in the severity of PD was found between the SC and NSC groups 

(p = 0.027) and between the NSC and SDM groups (p = 0.000), while the difference between 

the NSDM and SDM groups approached significance (p = 0.052). No person in the smoker 

groups could be classified as having a healthy periodontal status. The four-stage classification 

followed a normal distribution in the healthy, non-smoking controls (NSC). Smoking caused 

a shift toward medium-severe PD, while a marked shift toward the most severe stage was 

observed when both smoking and DM were present (SDM). There was no significant 

association between the type of DM and periodontal status, nor between diabetes control and 

the severity of PD. Persons in the SDM group had significantly fewer teeth than those in the 

NSC group (mean ± standard deviation: 16.0 ± 7.9 vs. 20.7 ± 5.6; p = 0.02). 
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VI. Discussion 

During our research plans, we wanted to understand more detailed the connection between 

periodontal disease and the two selected general medical condition, RA and DM. With a 

special focus on the effect of smoking in both research groups, our results have shown 

interesting aggravative effects. 

 

Rheumatoid arthritis 

A relationship was hypothesized between RA factors, past smoking, and periodontal status. 

We found that past smoking did not have a significant effect on any of the rheumatological 

indices and that there was no association between these indices and periodontal status. The 

lack of the effect of past smoking on the rheumatological status as expressed by these indices 

might be best explained by the time passed since the patient stopped smoking. While cigarette 

smoke must have been an extra immunological stimulus when the patient was still smoking, 

and it might as well have boosted the immunological memory against citrullinated proteins 

(93), these effects are unlikely to be reflected in indices characterizing a much narrower time 

window. 

Although our results were not statistically significant, the aggravating effect of former 

smoking is obvious. By examining nearly 700 RA patients, Stolt et al found that after 

smoking cessation, it takes at least 10 years for the risk of developing RA and RF positivity to 

decrease significantly (94). In a 14-year follow-up study involving smoker and former smoker 

RA patients, Heliövaara reached to a similar conclusion. It is expected that the number of 

patients developing RA is higher in the former smoker group than in the healthy control 

group (95). 

It was interesting to see that only 8 RA patients smoked; the reason for this can be that 

patients try to do as much as they can for decreasing joint pain and improving quality of life. 

When patients are warned about the harmful, disease-aggravating effect of smoking, they quit 

this habit.  

Our other hypothesis was that RA is a risk factor for periodontal disease. Many studies are 

investigating this relationship. In an epidemiological study of Smit, patients with RA had a 

higher incidence of periodontal disease than individuals without RA (96). 

https://pubmed.ncbi.nlm.nih.gov/?term=Heli%C3%B6vaara+M&cauthor_id=8308766
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Mercado pointed out that PD has been known as a risk factor for RA and vice versa  (97), and 

our results demonstrate the same: the presence of RA itself is enough to significantly increase 

the odds that the patient will develop a more severe stage of PD. Our hypothesis was correct.  

We were also interested in the relationship between rheumatological factors and periodontal 

status. 

No association was found between the specific RA indices and the periodontal status, while, 

as pointed out before, being in the RA group in itself significantly increased the odds of the 

more severe PD stages. Research is contradictory. In 2019, Rahim et al reached to the same 

conclusion. They did not find significant associations between elevated rheumatoid factor, 

anti-citrullinated protein antibody, or active rheumatoid arthritis disease with the presence of 

chronic periodontitis (98). In a 2017 study, the importance of periodontal pathogenic bacteria 

and rheumatoid parameters in the relationship between periodontitis and RA remained 

unclear (99). Other studies describing larger populations found significant association with 

rheumatoid factor positivity and anti-citrullinated peptide antibody production (100, 101).  

We think that our sample size was probably too small to allow reliable assessment at the level 

of the individual indices, considering their greater variability. 

The main finding of this study, that the former smoker RA patients had the highest and 

significant odds ratio for the severe stage of PD is really an unexpected one. From the results 

it appears that the effect is not mediated by the actual rheumatological status, the presence of 

RA with a longer period of cigarette smoke exposure in the past is enough. The main finding 

of our study is that smoking has a very strong effect even after cessation. In 2006, 

Costenbader evaluated the effect of smoking and past smoking in RF-positive and RF-

negative RA patients. He found that the relative risk of RA was significantly elevated among 

current and past smokers, compared with never smokers and the risk of incident RA remained 

substantially elevated until 20 years after smoking cessation (102). 

 This suggests that long-term cigarette smoking might permanently sensitize the 

periodontium, but at this point we could only speculate about the possible mechanisms, and it 

is because of that reason that we put this up for debate. 
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Diabetes mellitus 

In the past 70 years, many studies had been published where the interaction between DM and 

PD was investigated. PD is a frequent sequela of diabetes, so much so that Harald Löe termed 

it “the sixth complication of diabetes mellitus” (37, 103). However, it can also be concluded 

that via inflammatory mediators, bad periodontal condition results in decreased beta cell 

function and thus increases the risk of developing DM (104). 

It is well established in the literature that smoking is a major risk factor for developing and  

aggravating DM and its complications. Both smoking and DM are modifying factors of 

periodontal status (105). In diabetic patients, the harmful effect of smoking is also confirmed 

by the increased prevalence of macrovascular complications (106). 

Our initial hypothesis was that smoking has an aggravating effect on periodontal status and 

severity, and this effect is even stronger if an additional systemic background, DM is present.  

The results are clear in the sense that that while periodontal status followed a normal 

distribution in healthy, non-smoking controls, smoking caused a shift toward the middle of 

the PD spectrum, and when smoking was combined with diabetes, a marked shift toward the 

most severe stage was seen. This result was expected, as it is known that smoking damages 

the  periodontal tissues even in otherwise healthy persons and has a detrimental effect on the 

progression of PD (107). We considered it therefore safe to hypothesize that smoking would 

turn out to be even more detrimental when the primary disease, itself known to have the 

ability to initiate (and probably aggravate) PD, is present. Within the limits of the present 

study, we believe we have verified this hypothesis. However, the data gathered in this study 

do not allow an explanation of how exactly DM and smoking interact to aggravate PD. As 

such, the results may be interpreted as evidence to support the existence of such a detrimental 

interaction. In 2018, Tarnowski made and interesting observation when comparing smokers 

with type 1 diabetes with non-smoker diabetic patients. BOP was lower in the smoker group, 

demonstrating the negative effect of smoking on microvascular circulation (108).    

We also hypothesized that the periodontal status of diabetic patients with no smoking history 

would be significantly poorer than that of healthy non-smoking controls. With our hypothesis, 

we suggested that DM can cause and worsen periodontitis, which means that periodontal 

status of diabetic patients is presumably worse than that of patients with no diabetes. 
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We believed that this hypothesis was logical based on the established relationship between 

DM and PD. However, it would appear that the results of our study fail to bear this out; for 

example, there was no remarkable difference between the NSC and NSDM groups (except for 

the early stage, but not in general). We do not believe that these results should be interpreted 

as evidence against the well-established relationship (89, 109); rather, the explanation most 

likely lies in technical factors and is related to the method of assessment and the different 

ways in which DM and smoking exert their detrimental effect on the periodontium. Smoking, 

in fact, can be regarded as repeated episodes of an aggressive chemical attack against the 

tissues. Smoking damages the periodontal tissues in both systemic and local ways (107), with 

smoking-induced periodontal inflammation always being the more severe type. Diabetes, on 

the other hand, develops over a course of time and seems to exert its effects on periodontal 

tissues effects more slowly and in finer, less direct ways. To give just one expressive 

example, the antibacterial capacity of the saliva can be downregulated in persons with DM 

over time, which favors the growth of periodontopathogenic bacterial species (110). The end 

result is that while smoking has a rapid effect on the periodontium and maintains a high level 

of severe inflammation through repeated exposure of these tissues to toxic chemicals, severe 

stages of periodontal inflammation in DM develop later in the course of the disease and the 

inflammation is milder than that induced by smoking. As the classification we used measures 

the actual severity of the periodontal inflammatory process, it is not surprising that it cannot 

show the fine DM-related difference as efficiently as the massive difference caused by 

smoking. Still, it should be noted that the classification does not fail to capture the effect of 

DM entirely: our results clearly show that when smoking is paired up with DM, the 

destruction of the periodontium is significantly more severe. In summary, DM has a 

damaging effect on the periodontium, but the clinical staging we used to assess the severity of 

the inflammation is less sensitive to the effects of DM.  

We wanted to know if periodontal status is influenced by the presence of T1D or T2D. A very 

limited number of publications is available on the effect of T1D on periodontium; Tervonen 

studied the relationship between PD and T1D (111). Since little is known about the 

relationship between the different types of diabetes and the periodontium, we addressed this 

issue as well. 

In terms of the effect of diabetes type, our results suggest that T2D may be more damaging to 

the periodontium than T1D, as reflected by the mean number of teeth and the relatively 
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higher prevalence of the most severe stage in participants with T2D. However, the sample 

size was not large enough for us to allow firm conclusions and, in addition, T2D was over-

represented (which is realistic but not optimal for the comparison of the two types). As for the 

lower number of teeth in patients with T2D, it cannot be excluded that the observed tooth loss 

is the result of lifestyle rather than the DM itself, given that an unhealthy diet is a major risk 

factor for the development of T2D. A possible explanation for the lower teeth number in T2D 

is mean age, since it is 14 years higher than in T1D. According to the literature, the number of 

teeth decreases with age (112, 113). 

Glycemic control is another factor was found not to significantly influence the severity of PD 

(or vice versa), although the descriptive statistics clearly show that glycemic control became 

poorer with increasingly severe stage of PD. Taken together, it would appear that there is an 

effect of glycemic control on PD (in either direction), but that this effect is either statistically 

non-significant or significant but with too small an effect size to show significance in this 

sample size. The literature is divided over this question but leans more toward the no-effect 

side. A number of earlier studies with sample sizes similar to our sample size, such as the 

study of Fernandes and colleagues (62), have also failed to show a significant association 

between PD severity and glycemic control. In their review, Taylor and colleagues also 

concluded that there is no such connection (114). However, there are also studies supporting 

the counter-argument, providing strong evidence that HbA1c improved as a result of 

periodontal treatment (115). A possible explanation for the obvious uncertainty of this results 

is that while HbA1c is a well-established clinical parameter that helps treatment, it primarily 

allows the assessment of the risk of microvascular complications (116). While microvascular 

factors may contribute to the deterioration of periodontal status in DM, PD is still 

predominantly a disease of immunological/microbiological origin. In short, while our results 

seem to support the existence of a weak connection, HbA1c might not be the best parameter 

to link DM with PD.  

We can draw one valid conclusion: smoking damages even the healthy periodontium, but 

when a DM patient smokes, the destruction multiplies. This is quite similar to what our 

research group described about the relationship between smoking and PD in psoriasis (11). In 

that study, we concluded that smoking and psoriasis act in synergy to boost periodontal 

inflammation, which in turn leads to the over-representation of the most severe stage in 

smoking patients. The situation appears to be the same in the case of diabetes, i.e. the 
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relatively mild damaging effect of the disease itself is multiplied by the repeated chemical 

challenge of cigarette smoke exposure. How this effect is realized goes beyond the scope of 

this study, but it is safe to assume that the process has both microvascular and immunological 

components, and it is probably the meeting of these different pathogenic pathways that gives 

rise to the observed massive deterioration. Some studies have addressed the issue of the effect 

of smoking and DM on periodontal health (117-119), but none of these concentrated 

explicitly on the interaction of the two factors so far. In a study published in January of 2020, 

the interaction between smoking, DM, and PD was investigated via inflammatory cytokines. 

The authors concluded that DM induces proinflammatory state in PD and smoking initiates 

immunosuppression. When these two factors, DM and smoking are combined, smoking with 

its stronger effect decreases proinflammatory effect (120). Our results are new in this respect 

and demonstrate another way in which smoking can do further damage to the health of 

patients with DM. 
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VII. New findings 

Rheumatoid arthritis 

The main finding of our study is that even past smoking has a strong effect on the periodontal 

status of RA patients. Independently from the actual rheumatological status of the patient and 

presence or absence of RA, smoking causes severe periodontal abnormalities even after 

cessation. Thus permanent smoking exerts its harmful, irreversible effect on the periodontium 

after cessation. 

Diabetes mellitus 

This study confirmed that smoking has an aggravating effect on periodontal status and 

severity, and this effect is even stronger if an additional systemic background, DM is present.  

We also confirmed, that the aggravating effect of DM alone is weaker than the aggravating 

effect of smoking.  
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VIII. Summary 

In this thesis we investigated the relationship between systemic diseases (rheumatoid 

arthritis and diabetes), smoking, and periodontal diseases. Smoking or past smoking was of 

major importance in both studies. This is the factor that most negatively affects the 

periodontium and it is an unfavourable prognostic factor in definitive disease. It is without 

any doubt that both rheumatoid arthritis and diabetes aggravate periodontal disease, but not as 

much as smoking. We demonstrated that if any of the above mentioned systemic disease and 

smoking is present simultaneously, the worst periodontal prognosis can be expected.  

In patient care, it is important to emphasize and explain the harmful local and 

systemic effects of smoking. Due to the investigated connections smoking cessation is 

essential for treatment. At the same time, dentists also have a great responsibility to find out 

about the patient's current general health before starting a periodontal treatment and to 

provide the patient with adequate, targeted therapy, as these factors affect each other. 

Continuous monitoring, follow-up, and coordinated work of treating physicians are important. 
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ABSTRACT

Introduction: It is well established that peri-
odontal disease (PD) and diabetes mellitus (DM)
can have a detrimental effect on each other’s
disease course, and that cigarette smoking
exacerbates both conditions. However, litera-
ture on the periodontal status of smokers with
DM is scarce, and the studies conducted to date
did not use healthy controls or non-smokers
with DM as controls. Consequently, the indi-
vidual effects of smoking and DM on PD are
difficult to untangle and estimate.
Methods: A total of 128 participants were
recruited to this study and their data analyzed.
They were assigned to four groups: smoking

patients with DM (SDM); non-smoking patients
with DM (NSDM); smokers without DM (con-
trol group, SC) and (4) non-smokers without
DM (control group, NSC). Each group consisted
of 32 age-matched participants. The periodontal
status of the participants was assessed by full
oral examination. To express periodontal status,
we used the four-stage classification introduced
by Fernandes and colleagues (J Periodontol.
80(7):1062–1068, 2009). The control of DM was
estimated by measuring hemoglobin A1c
(HbA1c) levels in the peripheral blood.
Results: A significant difference in the severity
of PD was found between the SC and NSC
groups (p = 0.027) and between the NSC and
SDM groups (p = 0.000), while the difference
between the NSDM and SDM groups approa-
ched significance (p = 0.052). No person in the
smoker groups could be classified as having a
healthy periodontal status. The four-stage clas-
sification followed a normal distribution in the
healthy, non-smoking controls (NSC). Smoking
caused a shift toward medium-severe PD, while
a marked shift toward the most severe stage was
observed when both smoking and DM were
present (SDM). There was no significant associ-
ation between the type of DM and periodontal
status, nor between diabetes control and the
severity of PD. Persons in the SDM group had
significantly fewer teeth than those in the NSC
group (mean ± standard deviation: 16.0 ± 7.9
vs. 20.7 ± 5.6; p = 0.02).
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Conclusion: Smoking damages the periodon-
tium of even healthy individuals, but the dam-
age is multiplied in a smoker who has DM, even
though the effect of DM alone on periodontium
health is relatively mild. Our results suggest a
synergy between DM and smoking in terms of
damage to the periodontal tissues, but the lim-
ited sample size of this study does not allow any
hard conclusion to be drawn.

Keywords: Comorbidity; Inflammation;
Periodontal diseases; Smoking; Type 1 diabetes
mellitus; Type 2 diabetes mellitus

Key Summary Points

Why carry out this study?

Periodontal disease (PD) and diabetes
mellitus (DM) are known to detrimentally
affect each other’s disease course, and
cigarette smoking independently
exacerbates both conditions.

Existing literature on the periodontal
status of patients with DM who smoke is
scarce, and studies conducted to date did
not use healthy controls or non-smoking
patients with DM as controls;
consequently, the individual effects of
smoking and DM on PD are difficult to
estimate.

We hypothesized that the periodontal
status of patients with DM with no
smoking history would be significantly
poorer than that of healthy non-smoking
controls, and that periodontal status in
the former would be further exacerbated
by smoking.

What was learned from the study?

The periodontal status of 128 participants
categorized into four groups, namely
smoking patients with DM (SDM), non-
smoking patients with DM (NSDM), (3)
smokers without DM (control group, SC)
and non-smokers without DM (control
group, NSC), was assessed.

A significant difference in severity of PD
was found between the SC and NSC
(p = 0.027) groups and between the NSC
and SDM (p = 0.000) groups, while the
difference between the NSDM and SDM
groups was nearly significant (p = 0.052).
In the smoker groups, no one could be
classified as having a healthy periodontal
status.

In this study, smoking caused a shift
toward medium-severe PD, while a
marked shift toward the most severe stage
was observed when smoking was
combined with DM.

DIGITAL FEATURES

To view digital features for this article go to
https://doi.org/10.6084/m9.figshare.12957311.

INTRODUCTION

Studies have established that periodontal status
and systemic diseases have an effect on each
other [1]. The most studied interactions are
those between periodontal disease (PD) and
cardiovascular conditions [2], rheumatoid
arthritis [3–5] and diabetes [6–8], but relation-
ships between PD and hypertension [8], osteo-
porosis [9], psoriasis [10, 11] pulmonary diseases
[12], pregnancy and perinatal complications
[13–15] have also been shown.

PD is a chronic, destructive oral condition
characterized by infection-related inflammation
of the tooth-supporting tissues, leading to bone
destruction and tooth loss [16]. Excessive
inflammation of the periodontal tissues (peri-
odontitis) is the hallmark feature of PD. In PD,
bacteria in the oral biofilm interfere with the
body’s defense mechanisms, activating the
immune system which in turn results in
inflammation and the immune response
[17, 18]. The levels of C-reactive protein, pros-
taglandin E2 interleukin-1beta, and tumor
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necrosis factor alpha increase in PD [19]. A
similar increase in the presence and concentra-
tion of these inflammatory mediators has also
been observed in persons with diabetes mellitus
(DM) [20, 21].

In type 1 diabetes (T1D), the pancreas is
unable to produce (enough) insulin, whereas
type 2 diabetes (T2D) is characterized by insulin
resistance often combined with a relatively low
level of insulin secretion. According to the
World Health Organization, the prevalence of
DM worldwide in 2014 was 8.5% [22]. DM has
several known complications, including
retinopathy, nephropathy, neuropathy,
macrovascular abnormalities, prolonged wound
healing and PD [23]. The increasing number of
recent studies that have focused on examining
the relationship between DM and PD testified to
a definite surge in scientific interest [24–26].
Given that certain cytokines and other inflam-
matory mediators are involved in both diseases,
DM and PD appear to have a mutually detri-
mental effect on each other. A strong correla-
tion was found between PD and DM [27–29], as
well as between PD and the metabolic control of
DM both in T1D and T2D [30–36]. According to
some authors, this relationship is two-way
[37–39], which has led to the notion that peri-
odontal therapy may influence DM outcomes
[40, 41]. In support of this, a positive effect of
periodontal therapy on DM outcomes has been
observed in various studies [41–44].

Smoking is a harmful and addictive habit
which, in addition to being an addiction, gives
rise to or exacerbates various pathological con-
ditions [45–48], including DM and PD. Obra-
dovic and co-workers studied smokers and non-
smokers with T1D or T2D who also had PD and
found that smoking had an adverse effect on
the periodontal status of these patients. An
obvious weakness of that study was that only
patients with PD were enrolled in the study and,
consequently, no comparison was made with
healthy controls [49]. Gupta and colleagues
investigated the relationship between T2D and
smoking in patients with PD and observed that
the periodontal status of these patients with PD
was significantly worse in the group of smokers
with DM than in the group of non-smokers with
T2D [50]. Obrak and co-workers found that the

periodontal status of non-smokers with T2D
with and PD was better than that of their
smoking counterparts [51], while Javed and co-
workers found that both DM and smoking had a
detrimental effect on the periodontal status of
patients [52]. These studies draw a hypothetical
picture in which DM damages the integrity of
the periodontium and smoking likely boosts
this effect. Unfortunately, none of these afore-
mentioned studies used healthy controls, so
their results cannot be regarded as strong evi-
dence supporting the hypothesis they set up to
test. It should also be noted that the relation-
ship between smoking and periodontal status
has not yet been investigated and compared to
healthy controls in patients with T1D or T2D
who have good periodontal health. The aim of
this study was to fill the gaps in the literature by
examining the relationship between smoking
and periodontal status in both patients with
DM (T1D or T2D) and healthy controls.

Our research group has been investigating
the relationship between various systemic dis-
eases for a decade, including systemic condi-
tions such as psoriasis and rheumatoid arthritis,
and we are especially interested in the addi-
tional effect of smoking [25]. In 2014, we first
proposed that smoking may act as a permissive
factor of PD in patients with psoriasis [11], and
we subsequently demonstrated something sim-
ilar in rheumatoid arthritis [53]. In the
exploratory study reported here, we hypothe-
sized that (1) the periodontal status of patients
with DM with no smoking history would be
significantly poorer than that of healthy non-
smoking controls, and (2) this effect would be
exacerbated by smoking. The specific question
we sought an answer to was whether PD occurs
more often and in a more serious form in
smokers with DM than in non-smokers with
DM. Thus, the aim of the this study was to find
evidence for or against the permissive/boosting
effect of smoking on periodontal destruction in
patients with DM. The effect of various subfac-
tors (such as the type of DM and the success of
blood glucose control) was also considered.
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METHODS

Patients

Patients with DM were recruited form the
Department of Internal Medicine of the
University of Szeged, Faculty of Medicine,
Szeged, Hungary, and healthy controls were
recruited from the Csongrád County Pulmonary
Screening Station, Szeged, Hungary in
2018–2019. Before enrollment, all participants
had been informed about the study. Participa-
tion was voluntary, and written informed con-
sent was obtained from each participant. The
protocol of the study conformed in all respects
to the tenets of the Declaration of Helsinki of

1964, and its later amendments, and the study
was approved by the Regional Research Ethics
Committee for Medical Research at the
University of Szeged, Hungary (144/2014-B/001,
accepted 2014, modified in 2019).

A total of 128 participants were enrolled in
the study. These participants were assigned to
four groups: (1) smoking patients with DM
(SDM); (2) non-smoking patients with DM
(NSDM); (3) smokers without DM (control
group, SC) and (4) non-smokers without DM
(control group, NSC). Each group consisted of
32, age-matched participants. Gender matching
was also possible in most cases, but females were
over-represented in both the patient and the
control groups. Detailed descriptions of the

Table 1 Descriptive statistics of the patient and control groups

Descriptive statistic of the patient and control groups Diabetes patient groups Control groups

Age (years)

Smoker subsample 54.5 ± 13.4 54.0 ± 13.6

Non-smoker subsample 54.3 ± 13.9 54.5 ± 13.9

Sex ratio

Non-smoker subsample 18F:14 M (56%:44%) 20F:12 M (62%:38%)

Smoker subsample 18F:14 M (56%:44%) 22F:10 M (69%:31%)

CAL (mm)

Smoker subsample 2.94 ± 1.60 2.51 ± 1.32

Non-smoker subsample 2.83 ± 1.51 2.50 ± 1.24

PPD (mm)

Smoker subsample 2.60 ± 1.25 2.27 ± 1.06

Non-smoker subsample 2.71 ± 1.28 2.30 ± 0.98

Number of teeth

Smoker subsample 16 ± 8.0 19.2 ± 7.5

Non-smoker subsample 18 ± 7.9 20.7 ± 5.7

T1D subsample 22 ± 6 .5 NA

T2D subsample 16.2 ± 7.7 NA

Values in table are presented as the mean ± standard deviation (SD) or as frequencies (number of observations with the
percentage in parenthesis)
CAL Clinical attachment level (distance between the cemento-enamel junction and the bottom of the pocket), F female, M
male, PPD probing pocket depth (distance between the marginal gingiva and the bottom of the periodontal pocket), T1D/
T2D type 1/type 2 diabetes
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group characteristics are given in Tables 1 and 2.
Patients with T1D or T2D were included in the
study. Participants in the control group were
free of any systemic disease. Patients in the DM
groups were compared to age- and gender-mat-
ched controls.

The exclusion criteria for all groups were
determined based on relevant literature and
included obesity (body mass index C 30 kg/m2),
excessive alcohol consumption, drug abuse,
rheumatoid arthritis and diseases causing neu-
tropenia and local or systemic inflammatory
conditions (other than DM) [54]. Poor oral
hygiene, defined as a Simplified Oral Health
Index (OHI-S) score[3 [55] was also an exclu-
sion criterion. Pregnant women, patients
receiving cancer therapy, toothless patients or
patients with \ 3 teeth, patients with a serum
creatinine level C 1.6 mg/dL and patients with
hemoglobinopathy or any other type of hem-
orrhagic disorder were excluded from the study.
Patients in need of antibiotic prophylaxis for
any reason or who had received antibiotics
within 2 weeks prior to study initiation were

also excluded, as were individuals wearing
orthodontic braces. Demographic and tobacco
use data were collected by means of a ques-
tionnaire. A smoker was defined as a person
who reported smoking at least two cigarettes for
an uninterrupted period of 1 year prior to study
initiation. A non-smoker was defined as a per-
son with no self-reported tobacco use for
30 years prior to study initiation. Former
smokers were not included in the sample as the
category is rather vague (especially when talk-
ing about self-reported tobacco use); in addi-
tion, the relatively limited sample size would
not have allowed a meaningful analysis of an
additional category. Smokers in both patient
and control groups were comparable in terms of
smoking history expressed in pack-years (mean
± standard deviation [SD] pack-years: patients
17.19 ± 15.81, controls 16.47 ± 13.70). Medical
information on both controls and patients with
DM was extracted from patient files and hospi-
tal records.

The required sample size was calculated with
G*Power version 3.1. 5. (University of Kiel, Kiel,
Germany), a software program designed espe-
cially for statistical power and sample size
computation [56]. The software allows the
computation of achieved statistical power (post-
hoc) and required sample size (a priori). As
mostly categorical variables were to be ana-
lyzed, a priori sample size estimation was per-
formed for crosstabs/chi square/contingency
tables, with the following input parameters:
effect size (w): 0.3; a: 0.05; power (1 - b): 0.82;
df: 3. Required sample size was calculated to be
n = 128 (for four groups: DM smoker/DM non-
smoker; control smoker/control non-smoker). It
should be noted that the study was powered for
the hypothesis tests defined in the section
‘‘Statistical Analysis’’; more complicated analy-
ses (e.g. regression analyses with multiple pre-
dictor variables) were not possible with this
sample size. Consequently, this study must be
regarded as exploratory in nature.

Parameters Studied

Control of diabetes was estimated by measuring
hemoglobin A1c (HbA1c) levels in the

Table 2 Disease duration, complications and co-mor-
bidities among patients with diabetes

Disease duration,
complications and co-
morbidities

Smokers
with
diabetes

Non-smokers
with diabetes

Duration of disease (years) 18.56

± 7.8

18.72

± 10.03

T1D 10 (31.3%) 12 (37.5%)

T2D 22 (68.8%) 20 (62.5%)

Diabetic nephropathy 8 (25%) 11 (34.4%)

Diabetic retinopathy 3 (9.4%) 12 (37.5%)

Diabetic polyneuropathy 10 (31.3%) 15 (46.9%)

Chronic obstructive

pulmonary disease

2 (6.3%) 3 (9.4%)

Asthma 2 (6.3%) 2 (6.3%)

Values in table are presented as the mean ± SD or as
frequencies (number of observations with the percentage
in parenthesis)
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peripheral blood [57]. Diabetes was considered
to be well controlled at HbA1c B 7%, moder-
ately controlled at HbA1c [ 7.01 and B 8.5%
and poorly controlled at HbA1c[8.5%.

The periodontal status of the patients was
assessed by full oral examination, where prob-
ing pocket depth (PPD; distance between the
marginal gingiva and the bottom of the peri-
odontal pocket, in millimeters), bleeding on
probing (BOP; bleeding that is induced by gen-
tle manipulation of the tissue at the depth of
the gingival sulcus with a periodontal probe),
clinical attachment loss (CAL; distance between
the cemento-enamel junction and the bottom
of the pocket, in millimeters) and the amount
of plaque were evaluated. PPD, BOP, CAL and
the amount of plaque was measured at six
locations per tooth (mesiobuccally, buccally,
distobuccally, distolingually, lingually and
mesiolingually), with the exception of the wis-
dom teeth (which were not evaluated in this
study). Williams probes (Hu-Friedy Manufac-
turing Co. Chicago, IL, USA) were used [58].
Assessment of the clinical severity of PD is still a
matter of debate, and several assessment meth-
ods are described in the literature for various
purposes, from clinical use to epidemiological
work [59]. In this study, we used the classifica-
tion introduced by Fernandes et al. [16]: (1) the
participant is considered to have a healthy
periodontal status if no CAL or BOP can be
detected; (2) early PD is defined as CAL C 1 mm
at C 2 teeth; (3) moderate PD is defined as CAL

C 4 mm at 3 locations and PPD C 3 mm in at
least 2 locations; (4) severe PD is defined as CAL
C 6 mm at C 2 teeth and PPD C 5 mm at C

1 location. To characterize the groups in more
detail, we calculated and recorded PPD and CAL
separately for each participant, as recom-
mended in other studies [60, 61].

Statistical Analysis

Statistical analyses were performed in SPSS ver-
sion 21.0 statistical software (IBM Corp.,
Armonk, NY, USA). Continuous variables were
described as means ± SD, and categorical vari-
ables were characterized as frequencies. For
hypothesis testing, one-way analysis of variance
(ANOVA; with Tukey’s post-hoc test) or
Kruskal–Wallis ANOVA (with Mann–Whitney
U tests for the pairwise comparisons) were used,
depending on whether the normality and
homogeneity assumptions were fulfilled. To test
the association between categorical variables,
we used the chi-square test. If a significant
association was found, the dataset was further
analyzed with Kruskal–Wallis ANOVA (with
Mann–Whitney U tests for the pairwise com-
parisons). The general limit of significance was
set at p = 0.05, but it was corrected for multiple
comparisons with the Bonferroni correction
where necessary.

Table 3 Severity of periodontal disease by study group

Study groupsa Fernandes et al. classification of PD [16]

Healthy periodontal status Early PD Moderate PD Severe PD

NSC 4 (12%) 11 (34%) 12 (37%) 5 (16%)

SC 0 (0.0%) 3 (9%) 19 (59%) 10 (31%)

NSDM 2 (6%) 2 (6%) 19 (59%) 9 (28%)

SDM 0 (0%) 1 (3%) 11 (34%) 20 (63%)

Values in table are presented as the frequency (number with percentage in parentheses)
PD Periodontal disease
a Study groups categorized by periodontal disease: SDM, smoking patients with DM; NSDM, non-smoking patients with
DM; SC, smokers without DM (control group); NSC, non-smokers without DM (control group)
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RESULTS

Periodontal Status by Group

Group membership was significantly associated
with the severity of PD (v2 = 36.910, p = 0.000;

see also Table 3). Subsequent analysis of the
data using Kruskal–Wallis ANOVA revealed sig-
nificant variance across the four groups in terms
of severity of PD (H (3) = 25.659, p = 0.000). The
pairwise comparisons showed a significant dif-
ference in severity of PD between the SC and

Fig. 1 Distribution of severity stages of periodontal disease
across groups (Fernandes et al. classification of PD [16]).
Note that while the severity stages follow a normal
distribution in healthy, non-smoking controls, smoking
causes a definite shift to the right, and when smoking is

combined with diabetes, an extreme shift to the right can
be observed. SDM Smoking patients with DM, NSDM
non-smoking patients with DM, SC smokers without DM
(control group), NSC non-smokers without DM (control
group)

Table 4 Severity of periodontal disease by glycemic control as assessed by hemoglobin A1c status

HbA1c statusa Healthy periodontal status Early PD Moderate PD Severe PD

WC 1 (6.3%) 0 (0.0%) 9 (56.3%) 6 (37.5%)

MC 01(4.0%) 2 (8.0%) 12 (48.0%) 10 (40.0%)

PC 0 (0.0%) 1 (4.3%) 9 (39.1%) 13 (56.5%)

Values in table are presented as the frequency (number with percentage in parentheses)
a Hemoglobin A1c (HbA1c) status: WC (well-controlled): HbA1c B 7%; MC (moderately controlled): HbA1c[
7.01%,B 8.5%; PC (poorly controlled): HbA1c[ 8.5%
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NSC groups (p = 0.027) and between the NSC
and SDM groups (p = 0.000); the difference
between the NSDM and SDM groups was nearly
significant (p = 0.052). Of note is that no one in
the two smoker groups was classified as having
good periodontal health. As shown in Table 3,
the significant between-group differences most
probably were due to differences in the fre-
quency of the severe stage of PD across the
groups, with the lowest frequency of severe PD
found among those in the NSC group (15.6%),
followed in increasing order of frequency
among those in the NSDM group (28.1%) and
SC group (31.3%), peaking in the SDM group
(62.5%). The other stages of PD did not show
such notable between-group differences (apart
from the already mentioned healthy stage, but
the frequency of this stage was quite low in all
groups). It is remarkable that while the stages of
PD followed a normal distribution in the heal-
thy, non-smoking controls, smoking seemed to
cause a shift toward the middle of the severity
spectrum, and when smoking was combined
with DM, a marked shift toward the most severe
stage was observed (Fig. 1).

Diabetes Type, Glycemic Control
and Periodontal Status

There was no significant association between
the type of diabetes (T1D or T2D) and peri-
odontal status (v2 = 6.190, p = 0.103), and the
distribution of the four stages of periodontal
status was almost the same in these two diabetic
subgroups, with the exception that severe PD
was 17.5% more frequent in the T2D subgroup
than in the T1D subgroup. However, T2D was
over-represented in the study sample (ntype2-

= 42 vs. ntype1 = 22), so the validity of this
observation cannot be established with safety.
There was also no significant association
between diabetes control and the severity of PD
(v2 = 15.503, p = 0.078), but the results of the
analysis suggest that the frequency of the severe
stage increased with the worsening of diabetes
control (nwell controlled = 6; nmoderate = 10;
nmpoorly controlled = 13; see Table 4).

Number of Teeth

Pairwise comparisons (Tukey’s HSD [honestly
significant difference] test) indicated that
patients in the SDM group had significantly
fewer teeth (mean ± SD: 16.0 ± 7.9) than sub-
jects in the NSC group (20.7 ± 5.6) at p = 0.02.
No other comparison returned a significant
result. There was stepwise difference in the
mean number of teeth between groups, with
patients in the SDM group having the lowest
mean number of teeth and subjects in the NSC
group having the highest (see also Table 1). In
terms of the number of teeth by DM type,
patients with T1D had significantly more teeth
than patients with T2D (22 ± 6.5 vs. 16.2 ± 7.7;
p = 0.01).

DISCUSSION

It is well established in the literature that
smoking is a major risk factor for developing
and aggravating DM and its complications. This
is especially true for T2D, the most common
form of DM worldwide [62, 63]. It is also known
that PD is a frequent sequela of diabetes, so
much so that Harald Löe termed it ‘‘the sixth
complication of diabetes mellitus’’ [23]. In this
study we sougth to answer the question ‘‘what
effect does smoking have on this specific com-
plication’’ by analyzing the periodontal status of
both smoking and non-smoking patients with
DM.

The results are clear in the sense that that
while periodontal status followed a normal
distribution in healthy, non-smoking controls,
smoking caused a shift toward the middle of the
PD spectrum, and when smoking was combined
with diabetes, a marked shift toward the most
severe stage was seen. This result was expected,
as it is known that smoking damages the peri-
odontal tissues even in otherwise healthy per-
sons and has a detrimental effect on the
progression of PD [64]. We considered it there-
fore safe to hypothesize that smoking would
turn out to be even more detrimental when the
primary disease, itself known to have the ability
to initiate (and probably aggravate) PD, is pre-
sent. Within the limits of the present study, we
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believe we have verified this hypothesis. How-
ever, the data gathered in this study do not
allow an explanation of how exactly DM and
smoking interact to aggravate PD. As such, the
results may be interpreted as evidence to sup-
port the existence of such a detrimental
interaction.

We also hypothesized that the periodontal
status of diabetic patients with no smoking
history would be significantly poorer than that
of healthy non-smoking controls. We believed
that this hypothesis was logical based on the
established relationship between DM and PD.
However, it would appear that the results of our
study fail to bear this out; for example, there
was no remarkable difference between the NSC
and NSDM groups (except for the early stage,
but not in general). We do not believe that
these results should be interpreted as evidence
against the well-established relationship; rather,
the explanation most likely lies in technical
factors and is related to the method of assess-
ment and the different ways in which DM and
smoking exert their detrimental effect on the
periodontium. Smoking, in fact, can be regar-
ded as repeated episodes of an aggressive
chemical attack against the tissues. Smoking
damages the periodontal tissues in both sys-
temic and local ways [64], with smoking-in-
duced periodontal inflammation always being
the more severe type. Diabetes, on the other
hand, develops over a course of time and seems
to exert its effects on periodontal tissues effects
more slowly and in finer, less direct ways. To
give just one expressive example, the antibac-
terial capacity of the saliva can be downregu-
lated in persons with DM over time, which
favors the growth of periodontopathogenic
bacterial species [65]. The end result is that
while smoking has a rapid effect on the peri-
odontium and maintains a high level of severe
inflammation through repeated exposure of
these tissues to toxic chemicals, severe stages of
periodontal inflammation in DM develop later
in the course of the disease and the inflamma-
tion is milder than that induced by smoking. As
the classification we used measures the actual
severity of the periodontal inflammatory pro-
cess, it is not surprising that it cannot show the
fine DM-related difference as efficiently as the

massive difference caused by smoking. Still, it
should be noted that the classification does not
fail to capture the effect of DM entirely: our
results clearly show that when smoking is
paired up with DM, the destruction of the
periodontium is significantly more severe. In
summary, DM has a damaging effect on the
periodontium, but the clinical staging we used
to assess the severity of the inflammation is less
sensitive to the effects of DM. While this might
be regarded as a weakness of the study, in our
professional opinion the classification of Fer-
nandes and colleagues [16] is still the best
available classification for study purposes, as it
is easy to use and interpret and has a strong
positive correspondence to the histopathology
of PD.

In terms of the effect of diabetes type, our
results suggest that T2D may be more damaging
to the periodontium than T1D, as reflected by
the mean number of teeth and the relatively
higher prevalence of the most severe stage in
participants with T2D. However, the sample size
was not large enough for us to allow firm con-
clusions and, in addition, T2D was over-repre-
sented (which is realistic but not optimal for the
comparison of the two types). As for the lower
number of teeth in patients with T2D, it cannot
be excluded that the observed tooth loss is the
result of lifestyle rather than the DM itself,
given that an unhealthy diet is a major risk
factor for the development of T2D [66]. We
suggest that this is an interesting finding which
may be worth pursuing in future studies, but
our results are not sufficient to discuss this topic
in any detail.

Glycemic control is another factor which
was found not to significantly influence the
severity of PD (or vice versa), although the
descriptive statistics clearly show that glycemic
control became poorer with increasingly severe
stage of PD. Taken together, it would appear
that there is an effect of glycemic control on PD
(in either direction), but that this effect is either
statistically non-significant or significant but
with too small an effect size to show signifi-
cance in this sample size. The literature is divi-
ded over this question but leans more toward
the no-effect side. A number of earlier studies
with sample sizes similar to our sample size,
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such as the study of Fernandes and colleagues
[16], have also failed to show a significant
association between PD severity and glycemic
control. In their review, Taylor and colleagues
also concluded that there is no such connection
[67]. However, there are also studies supporting
the counter-argument, providing strong evi-
dence that HbA1c improved as a result of peri-
odontal treatment [43, 68]. A possible
explanation for the obvious uncertainty of thes
results is that while HbA1c is a well-established
clinical parameter that helps treatment, it pri-
marily allows the assessment of the risk of
microvascular complications [69]. While
microvascular factors may contribute to the
deterioration of periodontal status in DM, PD is
still predominantly a disease of immunological/
microbiological origin. In short, while our
results seem to support the existence of a weak
connection, HbA1c might not be the best
parameter to link DM with PD. It is safe to
assume that results from continuous glucose
monitoring would allow a much more decisive
conclusion, but we did not have that option.
This is definitely a limitation to our study, but
in Hungary, continuous monitoring is not
widespread and, consequently, collecting data
on even the relatively small number of patients
with regularly recorded continuous monitoring
data was extremely difficult. In contrast, HbA1c
is routinely and meticulously recorded for all
patients receiving diabetes care. We had to
choose between reporting the routinely recor-
ded standard parameter or omitting glycemic
control altogether, and the latter did not appear
to be the adequate choice in the given context.

As often happens, our study has resulted in
more questions than it can answer, but we
believe that we can draw at least one valid
conclusion: smoking damages even the healthy
periodontium, but when a DM patient smokes,
the destruction multiplies. This is quite similar
to what our research group described about the
relationship between smoking and PD in psori-
asis [11]. In that study, we concluded that
smoking and psoriasis act in synergy to boost
periodontal inflammation, which in turn leads
to the over-representation of the most severe
stage in smoking patients. The situation appears
to be the same in the case of diabetes, i.e. the

relatively mild damaging effect of the disease
itself is multiplied by the repeated chemical
challenge of cigarette smoke exposure. How this
effect is realized goes beyond the scope of this
study, but it is safe to assume that the process
has both microvascular and immunological
components, and it is probably the meeting of
these different pathogenic pathways that gives
rise to the observed massive deterioration. Some
studies have addressed the issue of the effect of
smoking and DM on periodontal health
[50–52], but none of these concentrated
explicitly on the interaction of the two factors.
Our results are new in this respect and demon-
strate another way in which smoking can do
further damage to the health of patients with
DM.

CONCLUSIONS

Within the limitations of this study, we con-
clude that smoking damages even the healthy
periodontium, but when a DM patient smokes,
the destruction caused by smoking is multi-
plied, while the effect of DM alone is relatively
mild. These results might be interpreted as
indicative of a synergy between DM and smok-
ing to damage the periodontal tissues, but
standing alone they do not allow us to draw a
hard conclusion, especially as the size of the
study sample did not allow more in-depth
analyses. The details thus remain to be clarified.
Nevertheless, based on these results, we con-
clude that the increased risk of severe PD is
another reason why patients with DM should be
discouraged from smoking.
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An observation on the severity of
periodontal disease in past cigarette
smokers suffering from rheumatoid
arthritis- evidence for a long-term effect
of cigarette smoke exposure?
Márk Antal1*, Emese Battancs1, Márta Bocskai2, Gábor Braunitzer3 and László Kovács2

Abstract

Background: Rheumatoid arthritis (RA) and cigarette smoking are both risk factors for periodontal disease (PD).
Previous research suggests that systemic inflammatory conditions and cigarette smoking may act in synergy, and
their co-occurrence leads to a much higher risk of developing severe stage PD than what the combination of
their individual risks would suggest. We originally sought to test this in the case of RA, but it turned out that the majority
of our patients were former smokers, who smoked for prolonged periods in the past. For that reason, we decided to shift
our focus toward the possible effects of past chronic cigarette smoke exposure.

Methods: The data of 73 RA patients and 77 healthy controls were analyzed. The participants received a full-mouth
periodontal examination to determine their periodontal status. Rheumatological indices and data on past tobacco use
were also recorded. Both the patient and the control groups were divided into former smoker and non-smoker
subgroups for the analyses. Non-smoker controls were used as the reference group.

Results: In the control group, smoking in history increased the odds of developing both the moderate and the severe
stages of PD, but the change was not statistically significant. RA significantly, increased the odds of developing both
stages in itself, but the highest odds were seen in the former smoker RA group.

Conclusion: Based on this surprising observation of ours, we hypothesize that chronic cigarette smoke might bring
about permanent changes in the periodontal tissues, leading to their hypersensitivity to inflammatory challenges.

Keywords: Rheumatoid arthritis, Periodontal disease, Chronic inflammation, Late sequelae, Tobacco smoking

Background
The connection between periodontal disease (PD) and
various systemic conditions of an autoimmune/dysim-
mune background is well documented [1–5]. Rheumatoid
arthritis (RA) is an immune mediated disease with a par-
ticularly well established link to PD [6–9]. While the exact
immunological mechanisms have not been clarified, there
is evidence to suggest that the presence of citrullinated
proteins (and antibodies against them) is the link [10–12].

In this respect, the role of the periodontal pathogen, Por-
phyromonas gingivalis is emphasized, the only periodontal
pathogen that expresses the citrullinating enzyme
peptidyl-arginine deiminase (PPAD) [9, 13, 14]. Compared
to the general population, subjects with PD are at an
increased risk of developing RA, and vice versa [9, 15],
which suggests that once they are established, they mutu-
ally aggravate each other.
Cigarette smoking is a known risk factor for both PD

[16–18] and RA [19–21]. Cigarette smoking promotes
oral bacterial colonization [22] and smoking itself has
been shown to promote citrullination [23], evidenced by
the fact that an association was found between tobacco
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exposure and anti-cyclic citrullinated peptide (anti-
CCP) titers in RA patients [24]. It follows that
cigarette smoking may be an additional aggravating
factor in both PD and RA, especially when the two
conditions are comorbid.
In 2014, we published a study about the effects of

cigarette smoking on the severity of PD in psoriasis [25].
In that study, we found that while both psoriasis and
smoking significantly elevated the odds that the individ-
ual will develop advanced PD, when both risk factors
were present, the odds multiplied, well beyond the com-
bined odds. We concluded that cigarette smoking prob-
ably acted as a permissive factor, and we articulated a
hypothesis about the possible role of toll-like receptor 4
(TLR-4). The hypothesis was that smoking exerts this ef-
fect through the upregulation of TLR-4.
In their review [26], Baka and co-workers point out

that as cigarette smoking promotes bacterial colonization,
it may well be that smokers are exposed to an increased
burden of P. gingivalis, whereby they are constantly ex-
posed to a potent antigen.
Based on these premises, we wished to find out about

if smoking acts as a booster of periodontal deterioration
also in the context of RA. This is an important question
with practical bearings. For instance, severe PD was
reported to hamper the efficacy of anti-TNF (tumor ne-
crosis factor) therapy [27].
To answer the question, we collected data on 82 RA

patients and 100 controls who met all the inclusion and
exclusion criteria and also gave their informed consent.
At this point, though, we were faced with a difficulty:
most of our patients turned out to be non-smokers
(NS). Only eight of them smoked at the time of the
study, and the rest had either quit or never ever smoked
in their lives. The majority of our patient sample, there-
fore, consisted of non-smokers and former smokers (FS)
who had quit smoking long before.
While we have a wealth of information about the im-

munological consequences of current smoking [28–31],
we know almost nothing about the permanent immuno-
logical changes that chronic exposure to cigarette smoke
may bring about - and that may remain even if the smoker
quits. Considering that the majority of our formerly smok-
ing patients had smoked for at least a decade before they
quit, and that chronic exposure to cigarette smoke was
proven to induce genome level changes [32–34], we
decided to shift our focus and concentrate on the effects
of past smoking. We hypothesized that the periodontal
status of patients with no smoking history would be sig-
nificantly poorer than that of healthy controls (the effect
of RA), and we wished to know if past smoking would be
associated with poorer periodontal status to any extent.
We were also interested in the relationship between the
rheumatological factors and the periodontal status.

Methods
Both RA patients and healthy controls were recruited on
a voluntary basis.
Patients were eligible for the study if they met the

2010 European League against Rheumatism and
American College of Rheumatology (EULAR/ACR)
criteria for rheumatoid arthritis [35]. Exclusion
criteria for both groups were determined based on
the literature of the subject and included obesity
(body mass index - BMI≥30), excessive alcohol con-
sumption, drug abuse, diabetes mellitus, diseases causing
neutropenia and local or systemic inflammatory condi-
tions (other than RA) [36]. Poor oral hygiene, defined as
Simplified Oral Health Index (OHI-S)- > 3 [37] was also
an exclusion criterion.
Required sample size was calculated with G*Power 3.1.

5. (University of Kiel, Germany), a software designed
especially for statistical power and sample size computa-
tion [38]. The software allows the computation of
achieved statistical power (post-hoc) and required sam-
ple size (a priori). As mostly categorical variables were
to be analyzed, a priori sample size estimation was per-
formed for crosstabs/chi square/contingency tables, with
the following input parameters: effect size (w): 0.3; α: 0.
05;power (1-β): 0.9; df: 3. Required sample size turned
out to be n = 158 (for four groups: RA smoker/former
smoker; control smoker/former smoker).
RA Patients (n = 82) were recruited from among the

patients of the Department of Rheumatology, University
of Szeged. The control group (n = 100) was recruited
from among people attending mandatory lung screening
in the same city and the same period. After removing
the actual smokers from the sample, we were left with
150 participants (73 patients and 77 controls), yielding a
statistical power of 0.88.
The study was approved by the Institutional and Re-

gional Ethics Committee for Medical Biological Research
at the University of Szeged (approval No.144/2014), and
the study design conformed to the Declaration of
Helsinki in all respects. Written informed consent was
obtained from all participants.
Demographic and tobacco use data were collected by a

questionnaire. Participants were divided into FS and
non-smoker groups, based on their self-reported tobacco
use in the past. In both the patient and the control
groups, a subject was considered a FS if they smoked for
at least one year in the past as a habit and without inter-
ruption. Sixty-four percent of the FS controls and 74 %
of the FS RA patients provided tobacco use information
that could be used for the analyses.
The clinical disease severity of PD is still a matter of

debate, and several methods are available in the litera-
ture [39]. We decided to use the staging proposed by
Fernandes and colleagues [40]. The reason for using this
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classification was that its clinical staging matches the
pathological/pathophysiological changes in PD very well
[41], and that we had had previous experience with it
[25]. The staging requires the following parameters to be
recorded: bleeding on probing (BOP; the presence or ab-
sence of bleeding within 15 s after probing), probing
depth (PRD; in millimeters), and clinical attachment
level (CAL; to describe the position of the soft tissue in
relation to the cemento-enamel junction). All subjects
received a full-mouth examination and their periodontal
status was classified into one of the four categories of
the staging: healthy(0); early (1); moderate (2); severe (3).
For the examination, Williams probes (Hu-Friedy Manu-
facturing Co., Chicago, USA) were used. Table 1 shows
the categories of the applied staging and the correspond-
ing pathological/pathophysiological status. Although
there is some lack of overlap in the first stage of the PD,
it may not influence any of the results as nor the initial
lesion, nor the gingivitis is having real influence on the
immune sytem and the gingival health. Gingivitis itself is
a reversible form of the disease.

To characterize the patient population from a
rheumatological point of view, the following indices
and laboratory values were recorded: IgM rheumatoid
factor seropositivity and levels (RF) measured with
nephelometry, anti-citrullinated peptide antibody
(ACPA) seropositivity and levels with antigenic speci-
ficity to mutated citrullinated vimentin (aMCV) mea-
sured with ELISA, disease activity score (DAS28-ESR)
at the latest visit and its average of the past
12 months, and the HAQ-DI disability index. Data on
the conventional and biological disease modifying anti-
rheumatic drug (DMARD) and corticosteroid therapy of
the patients were also recorded. Laboratory values were
determined as part of the routine examinations (i.e. not
especially for this study).
We divided the subjects into four groups based on the

presence/absence of RA and smoking in the past. To ex-
press the odds that a member of a given group develops
a given clinical degree of periodontal disease, multi-
nomial logistic regression analysis was conducted and
the odds ratios were calculated. In the multinomial

Table 1 The applied clinical staging and the corresponding pathological/pathophysiological changes [40, 41]

CLINICAL STAGING (Fernandes et al., 2009) PATHOLOGY/PATHOPHYSIOLOGY (Ohlrich et al., 2009)

1.NO CLINICAL SIGNS- no clinical attachment loss
(CAL) or bleeding on probing (BOP)

(NO LESION- NOT CLASSIFIED EXPLICITLY IN OHLRICH ET AL.)

(GINGIVITIS-NOT CLASSIFIED EXPLICITLY IN
FERNANDES ET AL.)

1. INITIAL LESION – up to 4 days following plaque accumulation. Polymorphonuclear
leukocytes (PMN), complement activation, loss of connective tissue. Mast cells release tumor
necrosis factor alpha, PMNs migrate into the gingival sulcus, but as the bacteria are protected
by the biofilm, abortive phagocytosis occurs. PMNs release lysosomal contents, which leads
to further tissue destruction.

2.EARLY PERIODONTITIS- CAL
≥1 mm in ≥2 teeth

2. EARLY/STABLE LESION- 7-21 days after plaque accumulation, clinically evident approxi-
mately from day 12. Dominantly macrophages and lymphocytes (CD4+:CD8+ 2:1).
Perivascular inflammatory infiltrate. Intercellular spaces between epithelial cells widen,
bacterial products infiltrate the gingival tissues at a higher rate. Escalation of response.
If plaque removed, tissue remodeling can take place.

3.MODERATE PERIODONTITIS- 3 sites with CAL
≥4 mm and at least 2 sites with
probing depth (PRD) ≥3 mm

3. ESTABLISHED OR PROGRESSIVE LESION- dominantly a B cell/plasma cell response. High
levels of IL-1 and IL-6: connective tissue loss, breakdown of bone.

4. SEVERE PERIODONTITIS- CAL ≥6 mm in ≥2 teeth
and PRD ≥5 mm in ≥1 site

4. ADVANCED LESION- Overt loss of attachment. High levels of IL-1, TNF α and PGE2 stimulate
fibroblasts and macrophages to produce matrix metalloproteases. The junctional epithelium
progresses in apical direction (deepening periodontal pocket).
Oligoclonal Th2 (CD4

+) dominance.

Table 2 Demographic and tobacco use characteristics of the studied groups

Group Sex ratio F(%):M(%) Smoke-free for
(mean years, SD)

Smoked for
(mean years, SD)

Cigarettes smoked per day
(rounded average, SD)

Age in years
(mean, SD)

CNS (n = 55) 44(80):11(20) NA NA NA 55.7 (13.3)

CS (n = 22) 12(54):10 (45) 11.3(12.5) 13.8(10.2) 11 (7.9) 58.1 (13.5)

PNS (n = 42) 33(79): 9 (21) NA NA NA 56.5 (12.7)

PS (n = 31) 24(77):7 (23) 16.4(12.2) 18.3(11.4) 14 (10.2) 59.3 (13.6)

CNS control, never smoked, CS control, used to smoke, PNS patient, never smoked, PS patient, used to smoke
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model, disease severity (healthy, early, moderate, severe)
was defined as the outcome variable, group was the
factor, and age and sex were covariates. Within-group
analyses (Mann-Whitney U tests) were also performed
in the patient group, according to the smoking status,
to see if past smoking had any effect on the rheum-
atological indices. For the analyses, SPSS 21.0 (IBM,
USA) was used.

Results
The demographic and tobacco use characteristics of the
four studied groups are given in Table 2. It can be seen
that the vast majority of the participants were females.
This is because RA affects predominantly women and
the control group was selected to match the patient
group age- and gender-wise as closely as possible.
The within-group comparisons in the patient group

did not indicate significant difference in any of the
rheumatological indices between FS and non-smokers

(data not shown). To test the effect of RF/aMCV positiv-
ity on periodontal status, a separate multinomial regres-
sion analysis was conducted. While no statistically
significant effects were found, seropositivity for RF
increased the odds of the moderate stage to 1.65, and
that of the severe stage to 2.51. The rheumatological in-
dices of the patient group are summarized in Table 3.
The periodontal status and CAL data of each group is

shown in Table 4. It is noteworthy that while the major-
ity of the cases in both control groups falls into the
healthy and early stages, in the patient groups the situ-
ation is just the opposite. This tendency is the most re-
markable among the patients who used to smoke. 81%
of them were classified as having moderate or severe
PD. Note also that in the patient groups nobody was
found who could be classified as periodontally healthy.
The results of the multinomial regression analysis are

given in Table 5. The analysis indicated no significant in-
fluence of either age or sex on periodontal status. Male

Table 3 A brief rheumatological characterization of the patient population by smoking in patient history

Rheumatoid factor positivity [> 30 U/ml] n (%) FS 20 (64.5)

NS 24 (57.1)

Anti-citrullinated peptide antibody positivity [> 20 U/ml] n(%) FS 20 (64.5)

NS 25 (59.5)

Patients on conventional DMARD therapy n (%) FS 25 (80.6)

NS 36 (85.7)

Patients on biological DMARD therapy (%) FS 17 (54.8)

NS 18 (42.8)

DAS28 at visit mean (SD; range) FS (n = 21) 3.10 (1.42; 0.97–6.52)

NS (n = 35) 2.94 (1.30; 0.79–6.33)

Average DAS28 in the previous 12 months mean (SD; range) FS (n = 10) 3.20 (1.68; 1.38–5.22)

NS (n = 8) 2.41 (1.30; 1.20–5.30)

HAQ mean (SD) FS (n = 15) 0.98 (0.84)

NS (n = 7) 2.21 (0.70)

FS former smoker, NS never smoked, DMARD disease-modifying antirheumatic drug, DAS28 disease activity score, HAQ score on the health assessment questionnaire for
rheumatoid arthritis. Where data from not all patients were available, the actual number of patients is given in parentheses

Table 4 Periodontal status in the examined groups according to Fernandes et al. (38). Data are given as n (%, rounded percentages).
CAL values are also shown (mm, mean ± SD). The conventions are the same as in Table 1

RA Control

n CAL n CAL

Total 73 3.55 (±1.62) 77 2.03 (±1.17)

PNS PS CNS CS

n CAL n CAL n CAL n CAL

Total 42 3.18 (±1.39) 31 4.06 (±1.79) 55 2.08 (±1.26) 22 1.91 (±0.89)

Healthy 0 NA 0 NA 8 (15) 0.67 (±0.30) 4 (18) 0.76 (±0.40)

Early 12 (29) 1.81 (±0.21) 6 (19) 1.89 (±0.31) 30 (55) 1.52 (±0.39) 12 (55) 1.76 (±0.37)

Modrate 22 (52) 3.07 (±0.32) 12 (39) 3.50 (±0.89) 13 (24) 3.35 (±0.21) 5 (23) 3.19 (±0.25)

Severe 8 (19) 5.52 (±1.21) 13 (42) 5.57 (±1.46) 4 (7) 4.99 (±0.14) 1 (5) 4.72 (±NA)
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sex appears to be associated with an increased risk for
both the moderate and the severe stages, but given the
under-representation of the male sex in this study, we
would not draw conclusions from this. As for the odds
of developing the moderate or severe stages, these were
significantly higher in both patient groups for both
stages as compared to controls who never smoked. Con-
trols who used to smoke did not have significantly
higher odds to develop any of these stages than controls
who never smoked, while an increment was definitely
seen. The highest significant odds ratio for the severe
stage (16.25) was found in the RA group of FS.

Discussion
A part of these findings is merely the corroboration of
known facts. RA has been known as a risk factor for PD
for some time [6–8], and our results demonstrate the
same: the presence of RA in itself is enough to signifi-
cantly increase the odds that the patient will develop a
more severe stage of PD.
We also found that past smoking did not have a sig-

nificant effect on any of the rheumatological indices and
that there was no association between these indices and
periodontal status. The lack of the effect of past smoking
on the rheumatological status as expressed by these indi-
ces might be best explained by the time passed since the
patient stopped smoking. While cigarette smoke must
have been an extra immunological stimulus while the
patient was still smoking, and it might as well have
boosted the immunological memory against citrullinated
proteins [42], these effects are unlikely to be reflected in
indices characterizing a much narrower time window.
How come that no association was found between the

specific RA indices and the periodontal status, while, as

pointed out before, being in the RA group in itself sig-
nificantly increased the odds of the more severe PD
stages? Given that other studies describing larger popu-
lations found significant association with rheumatoid
factor positivity and anti-citrullinated peptide antibody
production [43, 44], we think that our sample size
was probably too small to allow reliable assessment at
the level of the individual indices, considering their
greater variability.
The main finding of this study, however, is also the

most difficult to explain. The finding that the FS RA
patients had the highest and significant odds ratio for
the severe stage of PD is really an unexpected one. From
the results it appears that the effect is not mediated by
the actual rheumatological status, the presence of RA
with a longer period of cigarette smoke exposure in the
past is enough. This suggests that long-term cigarette
smoking might permanently sensitize the periodontium,
but at this point we could only speculate about the pos-
sible mechanisms, and it is because of that reason that
we put this up for debate.

Conclusions
While this study definitely has its limitations, we think
that our quasi-accidental finding about the effect of past
smoking on periodontal health in RA deserves attention.
This finding implies that long-term exposure to cigarette
smoke might have a permanent sensitizing effect on the
human periodontal tissues, which is not reversible by
quitting smoking.

Abbrevations
ACP: Anti-citrullinated peptide antibody; aMCV: Mutated citrullinated
vimentin; anti-CCP: Anti-cyclic citrullinated peptide; anti-TNF: Anti-tumor
necrosis factor; BMI: Body mass index; BOP: Bleeding on probing;

Table 5 Results of the multinomial regression analysis. The odds ratios (Exp(B)) express the odds that a member of the given group
develops the given stage of periodontal disease. Controls who never smoked and early stage periodontal disease served as reference
(as no periodontally healthy individuals were found in the patient group, healthy could not be used as reference). B: correlation
coefficient; df: degrees of freedom

Periodontal status (reference: early) B df Sig. Exp(B) 95% CI for Exp(B)

moderate RA- used to smoke 1.529 1 0.011 4.615 1.423–14.966

RA- never smoked 1.442 1 0.003 4.231 1.623–11.030

Control- used to smoke 0.932 1 0.090 2.538 0.866–7.442

Control-never smoked – – – – –

Male sex 0.223 1 0.643 1.250 0.487–3.212

Age 0.002 1 0.896 1.002

severe RA- used to smoke 2.788 1 0.000 16.250 3.917–67.412

RA- never smoked 1.609 1 0.022 5.000 1.265–19.762

Control- used to smoke 0.405 1 0.666 1.500 0.238–9.465

Control-never smoked – – – – –

Male sex 0.839 1 0.867 2.315 0.703–7.619

Age 0.028 1 0.176 1.029 0.972–1.033
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CAL: Clinical attachment level; CNS: Control, never smoked; CS: Control, used
to smoke; DAS28-ESR: Disease activity score; FS: Former smokers; NS: Non-
smokers; OHI-S: Simplified Oral Health Index; PD: Periodontal disease;
PNS: Patient, never smoked; PPAD: Peptidyl-arginine deiminase; PRD: Probing
depth; PS: Patient, used to smoke; RA: Rheumatoid arthritis; RF: Rheumatoid
factor; TLR-4: Toll-like receptor 4
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