A review of the relationship between chronic periodontitis

Sirte University Scientific Journal (Applied Sciences) Vol. 10 (2), December 2020

A review of the relationship between chronic
periodontitis, obesity and diabetes mellitus

Khyria Dhaw Omar

M.D.S. assistant lecturer & Head, Department Of Periodontics, Faculty of Dentistry, Sirte University.

Abstract

The increasing incidence of chronic periodontitis (CP), obesity and diabetes mellitus (DM) worldwide imposes a
rethinking of the interrelation and their pathogenesis. The current review discusses the pathogenesis of diabetes
mellitus, obesity and chronic periodontitis with emphasis on the relationship between them.
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1. Introduction

The human organism is a unity that is composed by an infinite number of biologic processes so
strongly linked that abnormalities in any part of the body and/or its processes may have deep effects
in many other body areas[1], for example as in this review, the three highly prevalent diseases:
chronic periodontitis, obesity and diabetes mellitus.

2. Chronic periodontitis

Periodontal disease is an entity of localized infections that involve tooth supporting tissues, the
structures that make up the periodontium (i.e., gingiva, periodontal ligament, root cementum, and
alveolar bone). The designation periodontal disease includes both reversible (gingivitis) and
irreversible (periodontitis) processes. In periodontitis, there is destruction of the connective tissue of
the tooth attachment apparatus accompanied by apical migration of the apparatus and eventual tooth
loss. The first clinical manifestation of periodontal disease is the appearance of periodontal pockets,
which offer a favorable niche for bacterial colonization.|[2]

According to the WHO the prevalence of severe chronic periodontitis varies worldwide from 10 to
15% in adult populations whereas complete edentulism (no natural teeth) varies from 10 to 35%
among countries depending on national income [3]. The most common forms of periodontal diseases
are plaque-induced gingivitis and chronic periodontitis. Gingivitis is defined as an inflammation of
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the gingiva induced by bacteria located at the gingival margin. The host response to similar plaque
levels varies significantly among patients with gingivitis and bacteria associated with disease
progression are also present in health. Gingivitis is reversible upon removal of the etiologic biofilm
but when untreated it progresses to chronic periodontitis in certain individuals. Several lines of
evidence demonstrated that in some individuals gingivitis never progresses to chronic periodontitis,
regardless of periodontal care.[4,5]

Periodontitis is essentially a biofilm induced disease, initiated and progressed by different bacterial
species, present in the dental plaque. The periodontopathic bacteria are basically gram-negative in
nature and they are present in the depths of periodontal pockets, placed at low oxygen tension. The
putative pathogenic bacteria express noxious toxins instrumental for the periodontal destruction.[6]
When bacterial biofilms on the teeth are not disrupted on a regular basis, the emergences of Gram-
negative anaerobic bacterial species activate several host processes that will interfere in the extent
and severity of the disease.[1]

The most frequently recognized periodontal pathogens belong to three microaerophilic species
(Actinobacillus actinomycetemcomitans, Campylobacter rectus, and Eikenella corrodens) and seven
anaerobic species (Porphyromonas gingivalis, Bacteroides forsythus, Treponema denticola,
Prevotella intermedia, Fusobacterium nucleatum, Eubacterium, and spirochetes).[7]

Currently, the consensus regarding pathogenesis of periodontitis has undergone an immense change.
According to this concept, periodontitis is not only the result of adverse microbial activity but as an
interaction among various other factors like genetics, systemic health, immunity, environmental
factors like tobacco and stress. The above mentioned factors play an important role in the modifi-
cation of host response to the disease process. Thus, sometimes the periodontal disease may exhibit
varied expression [6]. Various pro-inflammatory mediators like interleukin (IL)- 1a and IL-1p, IL-
6, tumor necrosis factor (TNF)-a, prostaglandin E2 (PGE2), matrix metalloproteinases are expressed
in periodontitis, as a result of activation of the host immune-inflammatory mechanisms. Cytokines
are liberated by periodontal tissues like fibroblasts, endothelial cells, macrophages, osteoclasts,
epithelial cells, neutrophils, monocytes, lymphocytes, and mast cells. Immune cells like neutrophils,
monocytes also let out cytokines in inflammatory conditions. This host tissue expressed a large
number of factors that may be detrimental to the host tissue itself, amplifying the destructive disease
process [8]. The periodontopathogenic flora produce toxins and significant challenge is offered by
lipopolysaccharide (LPS), a component of the gram-negative bacterial cell wall. LPS is a potent
endotoxin which exacerbates the host inflammatory response. Subjects with periodontitis are
reported to present endotoxin activity in the serum [9]. As discussed previously the bacteria are
housed in the periodontal pocket. These bacteria, attended with their noxious products can gain a
ready access through the ulcerated lining of the periodontal pocket, into the systemic circulation.
Studies have identified many systemic biomarkers, exposing the link of periodontitis with systemic
conditions and cardiovascular disease [10,11]. Thus, it can be enunciated that periodontitis is a “low
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grade infection” capable of developing a “low grade systemic inflammation” with an ability to
influence the general systemic health.

Chronic periodontitis being a low-grade infection is characterized by infiltration of the inflammatory
cells within the periodontal tissues, which act as a source of production for resistin.
Lipopolysaccharides produced by periodontal pathogens are shown to induce the resistin gene in
macrophages via cascade involving the production of proinflammatory mediators [12]. Pro-
inflammatory mediators (PGE2, TNF-a, IL-1, and IL-6) produced during the periodontal
pathogenesis in addition to local tissue destruction also exert certain systemic effects [13].

Many conditions can predispose and/or facilitate the occurrence of periodontal diseases (PD) such
as smoking[14], genetic influences[15], and obesity [16, 17]. The prevalence of obesity is increasing
worldwide. This epidemic is also associated with an increased occurrence of obesity-related diseases
like hypertension, cardiovascular disease, metabolic syndrome and diabetes mellitus that are also
linked to periodontal diseases[16, 17].

3. Diabetes mellitus

Diabetes mellitus is a chronic, non-communicable disease and also one of the major global public
health issues [18]. In 2014, it was estimated that 422 million adults were living with diabetes mellitus
worldwide. The global prevalence of diabetes in the adult population has nearly doubled since 1980,
rising from 4.7% to 8.5% [19]. Diabetes mellitus is a group of metabolic disorders that leads to
hyperglycaemia and is classified into four general categories: type 1 diabetes mellitus (T1DM), type
2 diabetes mellitus (T2DM), gestational diabetes and other specific types of diabetes [20].Diabetes
mellitus is characterized by frequent episodes of hyperglycemia [21], which initiates chemical and
molecular pathways associated with diabetes complications [22].

TIDM is a polygenic autoimmune disease that is characterized by the destruction of insulin-
secreting pancreatic beta cells[23].T2DM 1is a metabolic disorder that is characterized by
hyperglycemia and altered lipid metabolism, which is caused by the inability of islet beta-cells of
Langerhans to secrete adequate insulin in response to varying degrees of insulin resistance caused
by over-nutrition, inactivity or obesity. Metabolic defects that contribute to the development of
T2DM include an inability of islet b cells to compensate for high glucose levels that are associated
with excess food intake, increased glucagon secretion and reduced incretin response, impaired
expansion of subcutaneous adipose tissue, hypoadiponectinaemia, inflammation of adipose tissue,
increased endogenous glucose production and the development of peripheral insulin resistance[24].
Chronic increased caloric intake is the primary pathogenic event that drives the development of type
2 diabetes in genetically and epigenetically susceptible individuals.[25,26].

In both types of diabetes mellitus hyperglycemia is directly related to pancreatic dysfunction and
ultimately leads to macro- and microvascular complications including atherosclerosis, ischemic
heart disease, nephropathy, retinopathy, neuropathy and periodontal disease. Uncontrolled
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hyperglycemia is central to development of angiopathy through several biochemical and molecular
mechanisms manifested in both intra- and extracellular compartments. The four major pathways
through which hyperglycemia alters cellular physiology and extracellular matrix structure are the
polyol pathway, the hexosamine pathway, activation of protein kinase ¢ (PKC), and advanced
glycation end product (AGE) formation. The first three pathways generally alter cellular function by
acting directly on intracellular pathways while AGE directly impact the extracellular matrix quality
and indirectly the normal cell function through specific receptors for AGE.[27]

4, Obesity

Obesity is a chronic disease[28].The prevalence of obesity is increasing worldwide and is becoming
one of the most important health hazards [29], as obesity is highly associated with increased overall
morbidity and mortality [30]. Obesity is defined with a body mass index (BMI; body weight in
kilogram divided by the square of the height in meters (kg/m2)) of at least 30.0 kg/m2 [31], whereas
overweight is defined with a BMI of 25-29.9 kg/m2. Normal weight is characterized by a BMI
ranging between 19 to 24.9 kg/m2 [32]. In 2002 WHO reported that over 200 million men and 300
million women were obese[33].Adipose tissue contains usually 5-10 % macrophages, but the
adipose tissue of obese patients shows up to 60 % macrophage infiltration. Adipocytes secrete
bioactive molecules called adipokines, that can modify or trigger inflammation and fat metabolism
locally or systemically as signaling molecules to liver, muscle and endothelium. Therefore, the
adipose tissue can be considered as an important metabolically active endocrine organ [32] This
explains how obesity acts as a risk factor for several chronic diseases: Hypertension, type 2 diabetes,
dyslipidemia, and coronary heart disease are so closely related to obesity that obesity itself is often
considered to be a systemic disease. This disease also affects dental health [34]. Accordingly obese
persons require attention of physicians and dentists [30].

5. Chronic periodontitis and diabetes mellitus

Chronic periodontitis has been identified as the sixth complication of diabetes alongside retinopathy,
nephropathy, neuropathy, macrovascular disease and poor wound healing[35].where individuals
with diabetes have a higher prevalence of periodontitis [36—38] and diabetes mellitus can increase
the severity of periodontitis [39—41] and the severity of the periodontitis is always greater than
individuals without diabetes [36,42].This is due to the following mechanisms: the function of
immune cells, including neutrophils, monocytes, and macrophages, is altered in diabetes
[43].Neutrophil adherence, chemotaxis, and phagocytosis are often impaired, which may inhibit
bacterial killing in the periodontal pocket and significantly increase periodontal
destruction[44,45].Although the function of neutrophils is often diminished in diabetes, the
monocyte/macrophage cell line may exhibit upregulation in response to bacterial antigens. The
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hyperresponsiveness of monocytes/ macrophages results in significantly increased production of
proinflammatory cytokines and mediators[46-48].Peripheral blood monocytes from diabetic
subjects produce elevated levels of tumor necrosis factor-alpha in response to antigens from
Porphyromonas gingival is compared to monocytes from non-diabetic control subjects[46]. also in
diabetic patient there is inhibition of osteoblastic cell proliferation and collagen production that
result in reduced bone formation and diminished mechanical properties of the newly formed
bone[49-52]. Because the periodontal pocket is a site of persistent bacterial wounding, an intact
wound-healing response is critical to maintain tissue health. High glucose levels in the gingival
crevicular fluid may directly hinder the wound-healing capacity of fibroblasts in the periodontium
by inhibiting attachment and spreading of these cells that are critical to wound healing and normal
tissue turnover [53].In individuals with sustained hyperglycemia, proteins become irreversibly
glycated to form advanced glycation end products (AGEs) [54].These stable carbohydrate-
containing proteins have multiple effects on cell-to-cell and cell-to-matrix interactions and are
commonly thought to be a major link between the various diabetic complications. The formation of
AGE:s also occurs in the periodontium, and higher levels of periodontal AGE accumulation are found
in those with diabetes than in non-diabetic subjects[55]. AGEs often form on collagen, increasing
collagen cross-linking and resulting in the formation of highly stable collagen macromolecules.
These molecules accumulate in tissues due to their resistance to normal enzymatic degradation and
tissue turnover [54]. Changes in collagen synthesis, maturation, and homeostatic turnover are
common in diabetes. These changes can contribute to the pathogenesis of periodontal diseases and
to alterations in wound healing because collagen is the major structural protein in the periodontium.
Human gingival fibroblasts produce decreased amounts of collagen and glycosaminoglycans in
high-glucose environments[56]. There is additional evidence emerging that decreases in matrix-
producing cells critical to maintaining the periodontium, including fibroblasts and osteoblasts, occur
due to an increased rate of apoptosis in a hyperglycemic state in response to Porphyromonas
gingivalis infection [57-59]. The structural changes that characterize diabetic angiopathy include
abnormal growth and impaired regeneration of vessels. The changes seen in the microvasculature of
the retina, glomerulus, and other end organs in people with diabetic complications also occur in the
periodontium[60].

periodontitis may be a risk factor for worsening glycemic control among patients with diabetes.
Periodontitis may initiate or propagate insulin resistance in a manner similar to that of obesity, by
enhancing activation of the overall systemic immune response initiated by cytokines[61,62].

A bidirectional relationship has been established between diabetes and periodontitis, where in one
can influence the other [63]. Chronic subclinical inflammation has been shown to decrease the
insulin sensitivity. Levels of resistin are found to be increased in periodontitis, and resistin plays an
important role in inducing insulin resistance, thus increasing the risk for type II diabetes [64].
Periodontitis is also associated with an increased risk for diabetic complications. 82% of diabetic
patients with periodontitis experienced one or more major cardiovascular, cerebrovascular or
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peripheral vascular events[65]. Another study examined the effect of periodontal disease on
mortality in more than 600 subjects with type 2 diabetes. After accounting for other known risk
factors, the death rate from ischemic heart disease was 2.3 times higher in people with severe
periodontitis than in patients without periodontitis or with only mild periodontitis, while the death
rate from diabetic nephropathy was 8.5 times higher in those with severe periodontitis[66].
Periodontal treatment can adversely affect on glycemic control in diabetics where Periodontal
treatment that reduces periodontal inflammation may help to restore insulin sensitivity, thereby
improving glycemic control[38,62]. Studies of patients with both diabetes and periodontitis have
shown that nonsurgical periodontal therapy with adjunctive local delivery of minocycline reduced
circulating levels of TNF-a. The reduction in serum levels of TNF-a was closely related with, a
significant decrease in mean HbA1c values (from 8% to 7.1%)[67].

6. Chronic periodontitis and diabetes mellitus

Obesity is a possible risk factor for periodontitis [68]. One study identified obesity even as the second
strongest risk factor for periodontitis preceded only by smoking [69]. The first report on the
relationship between obesity and periodontal disease appeared in 1977. Perlstein and co-workers
found greater alveolar bone resorption in obese than in non-obese rats. Under healthy oral conditions,
obesity itself did not promote periodontal damage, but in the presence of bacterial plaque
accumulation periodontal inflammation was more severe in obese than in non obese animals. [70]
In another study the researchers found that an increased prevalence odds ratio for obesity among
subjects with periodontal disease and in clinical practice, a higher prevalence of periodontal disease
should be expected among obese adults. [71].

Maintaining good oral health is also fundamental for obese individuals. Dental practitioners should
educate their obese patients about the risk of periodontal disease and reinforce the importance of
proper oral hygiene.[72]

A recent systematic review including a meta-analysis concluded that obese and overweight/obese
individuals together are 1.8 times and 2.3 times more likely to suffer from periodontitis independent
of traditional risk factors in comparison with normal-weight control individuals, respectively[73].
Obesity has been shown to be associated with adverse post-surgical outcomes such as infectious
complications and compromised healing[74, 75]. The hypothesis of altered immune response and
wound healing associated with obesity raises the question of a possible modifying effect of obesity
on periodontal therapy clinical response .

The biological mechanism by which obesity predisposes to periodontitis is not fully understood[68].
Compared to individuals with normal weight individuals with obesity have higher levels of
circulating tumor necrosis factor-o and interleukin-6 (IL-6), which are also secreted from adipose
tissue and are involved in the pathophysiology of both obesity and periodontitis. Not surprisingly,
serum levels of these cytokines decrease with loss of weight [76].

Adipocytokines are bioactive mediators released from the adipose tissues including adipocytes and
other cells present within fat tissues. These include several novel and highly active molecules
released abundantly by adipocytes like leptin, resistin, adiponectin, and visfatin, as well as some
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more classical cytokines released possibly by inflammatory cells infiltrating fat, like TNF-a, IL-
6and IL-1 [77].

Adiponectin is a product of adipocytes and its levels decrease in obese subjects. Adiponectin has
several beneficial effects like anti inflammatory, vasoprotective and antidiabetic effects. These
protective effects occur due to suppression of tumor necrosis factor-a, interleukin-6 and along with
induction of interleukin-1 receptor antagonist. Iwayama et al showed that adiponectin has potent
beneficial function to maintain the homeostasis of periodontal health, improve periodontal lesion
and contribute wound healing and periodontal regeneration [78].

Resistin belongs to secretory protein family called as resistin like molecules, which is characterized
by a highly conserved cysteine rich C- terminal. Resistin has been named since it is believed to
convey the resistance to insulin. Resistin may not originate directly from adipocytes but may
originate from inflammatory cells infiltrating the fat tissue. Release of resistin appears to be
stimulated by inflammation, LPS, IL-6, hyperglycemia, growth and gonadal hormones. While
released within the fat tissue, resistin acts on adipocytes leading to insulin resistance. Levels of
resistin increase with increasing obesity which is a major contributing factor for the development of
type 2 diabetes mellitus, and periodontitis. Two studies showed the positive association of
periodontal disease with gingival crevicular fluid resistin levels [13,79].

There are three mechanisms for the role of oral bacteria in the development of obesity as suggested
by Goodson et al. First, oral bacteria may increase metabolic efficiency, as suggested by
infectobesity proponents. The second hypothesis is that oral bacteria could increase weight gain by
increasing appetite. The third hypothesis is that oral bacteria redirect energy metabolism by
facilitating insulin resistance through increasing levels of TNF-a. Using any of these mechanisms,
even a small excess in caloric consumption with no change in diet or exercise could result in
unacceptable weight gain. Periodontal disease may contribute to the development of obesity and the
role of the oral microbiota in obesity has been gaining more attention. [80] Obesity is also associated
with increased counts and proportions of certain periodontal pathogens, including Tannerella
forsythia and Selenomonas noxia [81].

7. Obesity and type 2 diabetes

Type 2 DM (formerly known as non-insulin dependent DM) is the most common form of DM
characterized by hyperglycemia, insulin resistance, and relative insulin deficiency[82]. Type 2 DM
results from interaction between genetic, environmental and behavioral risk factors[83,84].Type 2
DM is due primarily to lifestyle factors and genetics[85]. A number of lifestyle factors are known to
be important to the development of type 2 DM. These are physical inactivity, sedentary lifestyle,
cigarette smoking and generous consumption of alcohol[86]. Obesity has been found to contribute
to approximately 55% of cases of type 2 DM[87].

Type 2 DM is characterized by insulin insensitivity as a result of insulin resistance, declining insulin
production, and eventual pancreatic beta-cell failure[88,89].
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A strong relationship between obesity and the onset of diabetes has been reported in a number of
studies. Research has shown that people carrying more weight particularly around the tummy are
more insulin resistant [90-93] and may struggle to achieve good diabetes control.[94-96]
Pathogenesis of obesity appears to play a central role in the dysregulation of cellular mechanism that
accounts for insulin resistance, which is the state of reduced responsiveness of liver, muscle and
adipose tissue to insulin in type 2 diabetes. The stored fat is required for survival during nutritionally
deprived states, however during state of prolonged abundance of food, excessive fat storage results
in obesity.[97,98]This excessive storage of fat that creates obesity eventually leads to the release of
elevated levels of fatty acids (FFAs) from enhanced lipolysis. The release of these FFAs then induces
lipotoxicity, as lipids and their metabolites create oxidant stress to the endoplasmic reticulum and
mitochondria. This affects adipose as well as non-adipose tissues resulting in insulin-receptor
dysfunction. The consequence is an insulin-resistant state which then creates hyperglycemia with
compensated hepatic gluconeogenesis.[99-101] Insulin resistance is a key factor for type 2 diabetes.
FFAs also decrease utilization of insulin-stimulated muscle glucose, contributing further to
hyperglycemia. Lipotoxicity from excessive FFAs also decreases secretion of pancreatic B-cell
insulin, which eventually results in B-cell exhaustion. Moreover, excess adipocytes release
inflammatory adipokines [TNF-a, IL-6, complement C3, leptin and macrophage migration
inhibitory factor (MIF)], which, along with free fatty acids, provide the pathophysiologic basis for
comorbid conditions associated with obesity such as insulin resistance and type 2 diabetes. Along
with fatty-acid lipotoxicity, visceral adipokines also contribute to the adipokine inflammatory injury
that leads to pancreatic B-cell dysfunction, which, in turn, decreases insulin synthesis and
secretion.[102,103] Adipocytes also stimulate fat-associated macrophages that also secrete
monocyte chemoattractant protein 1 (MCP-1), macrophage migration inhibiting factor (MMIF), and
resistin, all of which decrease insulin sensitivity (i.e. enhance insulin resistance).[104,105]

8. Conclusions

Chronic periodontitis, obesity and diabetes mellitus are important chronic health problems and are
closely associated. Obesity is associated with an increased prevalence of periodontitis and diabetes
mellitus. Diabetes mellitus associated with an increased prevalence of chronic periodontitis and
chronic periodontitis is considered as a risk factor for diabetes mellitus and obesity.

References

1- Friedewald VE, Kornman KS, Beck JD, Genco R, Goldfine A, Libby P, et al. The American Journal of
Cardiology and Journal of Periodontology editor’s consensus: periodontitis and atherosclerotic
cardiovascular disease. J Periodontal. 2009;80:1021-32.

Vol.10 (2), 85-97, December.2020




A review of the relationship between chronic periodontitis

2- Soskolne WA. Epidemiological and clinical aspects of periodontal diseases in diabetics. Ann Periodontol.
1998;3:3-12.

3- Petersen PE, Ogawa H. The global burden of periodontal disease: towards integration with chronic disease
prevention and control. Periodontol 2000. 2012; 60(1):15-39.

4- Schitzle, M.; LOE, H.; Lang, NP.; Biirgin, W.; Anerud, A.; Boysen, H. The clinical course of chronic
periodontitis. J Clin Periodontol. 2004:31: 1122-7.

5- Loe H, Anerud A, Boysen H, Morrison E. Natural history of periodontal disease in man. Rapid, moderate
and no loss of attachment in Sri Lankan laborers 14 to 46 years of age. J Clin Periodontol. 1986;
13(5):431-45.

6- Benakanakere M, Kinane DF. Innate cellular responses to the periodontal biofilm. Front Oral Biol
2012;15:41-55.

7- Socransky SS, Haffajee AD, Cugini MA, Smith C, Kent RL Jr. Microbial complexes in subgingival plaque.
J Clin Periodontal. 1998;25:134-44.

8- Preshaw PM, Taylor JJ. How has research into cytokine interactions and their role in driving immune
responses impacted our understanding of periodontitis? J Clin Periodontol 2011; 38 Suppl 11:60-84.

9- Ebersole JL, Stevens J, Steffen MJ, Dawson lii D, Novak MJ. Systemic endotoxin levels in chronic indolent
periodontal infections. J Periodontal Res 2010;45:1-7.

10- Wu T, Trevisan M, Genco RJ, Falkner KL, Dorn JP, Sempos CT. Examination of the relation between
periodontal health status and cardiovascular risk factors: serum total and high density lipoprotein
cholesterol, C-reactive protein, and plasma fibrinogen. Am J Epidemiol 2000;151:273-82.

11- Jin LJ, Wang CY. An update on periodontal infections, systemic inflammatory biomarkers, and
cardiovascular disease. Chin J Dent Res 2007;10:7-13.

12- M. Lehrke, M. P. Reilly, S. C. Millington, N. Igbal, D. J. Rader, and M. A. Lazar, “An inflammatory
cascade leading to hyperresistinemia in humans,” PLoS Medicine2004: 161— 168.

13- R. Furugen, H. Hayashida, N. Yamaguchi et al., “The relationship between periodontal condition and
serum levels of resistin and adiponectin in elderly Japanese,” Journal of Periodontal Research
2008;43(5):556-562.

14- Bergstrom J, Preber H. Tobacco use as a risk factor. J Periodontal. 1994;65(Suppl. 5):545-50.

15- Burt B, Research, Science and Therapy Committee of the American Academy of Periodontology. Position
paper: epidemiology of periodontal diseases. J Periodontal. 2005;76:1406-19.

16- Al-Zahrani MS, Bissada NF, Borawskit EA. Obesity and periodontal disease in young, middle-aged, and
older adults. J Periodontal. 2003;74:610-5.

17- Genco RJ, Grossi SG, Ho A, Nishimura F, Murayama Y. A proposed model linking inflammation to
obesity, diabetes, and periodontal infections. J Periodontal. 2005;76(Suppl. 11):2075-84.

18- Telgi RL, Tandon V, Tangade PS, Tirth A, Kumar S, et al. (Efficacy of nonsurgical periodontal therapy
on glycaemic control in type II diabetic patients: a randomized controlled clinical trial. J Periodontal
Implant Sci 2013; 43: 177-182.

19- World Health Organization (WHO). Global report on diabetes. World Health
Organization.2016.http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257eng.pdf.
Accessed 26 Dec 2017.

20- American Diabetes Association. 2. Classification and diagnosis of diabetes. Diabetes Care.
2017;40(Suppl 1):S11-24.

21- Expert Committee on the Diagnosis, Classification of Diabetes Mellitus. Report of the expert committee
on the diagnosis and classification of diabetes mellitus. Diabetes Care 2003;26(Suppl. 1):S5-S20.

22- Du X, Matsumura T, Edelstein D, Rossetti L, Zsengellér Z, Szabo C, et al.Inhibition of GAPDH activity
by poly(ADP-ribose) polymerase activates three major pathways of hyperglycemic damage in
endothelial cells. J Clin Invest 2003;112:1049 57.

Vol 10 (2), 85-97, December-2020




Khyria Dhaw Omar

23-Padgett LE, Broniowska KA, Hansen PA et al. The role of reactive oxygen species and proinflammatory
cytokines in type 1 diabetes pathogenesis. Ann N Y Acad Sci 2013; 1281: 16-35.

24- Nolan CJ, Damm P, Prentki M. Type 2 diabetes across generations: from pathophysiology to prevention
and management. Lancet 2011; 378(9786): 169—-181.

25- Prentki M, Nolan CJ. Islet beta cell failure in type 2 diabetes. J Clin Invest 2006;

116(7): 1802—1812.

26- Defronzo RA. Banting Lecture. From the triumvirate to the ominous octet: a new paradigm for the
treatment of type 2 diabetes mellitus. Diabetes 2009; 58(4): 773—-795.

27- Brownlee M. Biochemistry and molecular cell biology of diabetic complications. Nature. 2001;
414(6865):813-20.

28-Bray GA. Obesity is a chronic, relapsing neurochemical disease. Int J Obes Relat Metab Disord
2004;28:34-38.

29- Saito T, Shimazaki Y, Koga T, Tsuzuki M, Ohshima A. Relationship between upper body obesity and
periodontitis. J Dent Res. 2001;80:1631-6.

30- Pischon N, Heng N, Bernimoulin JP, Kleber BM, Willich SN, Pischon T. Obesity, inflammation, and
periodontal disease. J Dent Res. 2007;86:400-9.

31-Francesco Branca, Haik Nikogosian und Tim Lobstein. The challenge of obesity in the WHO european
region and the strategies for response WHO. 2007.

32-Suresh S, Mahendra J. Multifactorial relationship of obesity and periodontal disease. J Clin Diagn Res.
2014;8:01-03.

33- The World Health Report — Reducing Risks, Promoting Healthy Life, World Health Organization,
Geneva, Switzerland, 2002.

34- Stotwinska S. Host response, obesity, and oral health. Cent Eur J Immunol.2015;40:201-5.

35-Loe H. Periodontal disease. The sixth complication of diabetes mellitus. Diabetes Care 1993;16:329-34.

36- Tsai C, Hayes C, Taylor GW. Glycemic control of type 2 diabetes and severe periodontal disease in the
US adult population. Community Dent Oral Epidemiol 2002; 30: 182—-192.

37- Pucher J, Stewart J. Periodontal disease and diabetes mellitus. Curr Diab Rep 2004; 4: 46-50.

38- Mealey BL, Oates TW. Diabetes mellitus and periodontal diseases. J Periodontol 2006; 77: 1289—-1303.

39- Meenawat A, Punn K, Srivastava V, Meenawat AS, Dolas RS, et al. Periodontal disease and type I
diabetes mellitus: Associations with glycemic control and complications. J Indian Soc Periodontol
2013; 17: 597-600.

40-Stanko P, Izakovicova Holla L. Bi directional association between diabetes mellitus and inflammatory
periodontal disease. A review. Biomed Pap Med Fac Univ Palacky Olomouc Czech
Repub2014;158(1):35-8.

41-Al-Khabbaz AK. Type 2 diabetes mellitus and periodontal disease severity. Oral Health Prev Dent 2014;
12: 77-82.

42- Soskolne WA, Klinger A. The relationship between periodontal diseases and diabetes: an overview. J
Diabetes Res 2001; 6: 91-98.

43-American Academy of Periodontology. Diabetes and periodontal diseases (position paper). J Periodontol
1999;70:935-949.

44- Manouchehr-Pour M, Spagnuolo PJ, Rodman HM, Bissada NF. Comparison of neutrophil chemotactic
response in diabetic patients with mild and severe periodontal disease. J Periodontol 1981;52:410-415.

45- McMullen JA, Van Dyke TE, Horoszewicz HU, Genco RJ. Neutrophil chemotaxis in individuals with
advanced periodontal disease and a genetic predisposition to diabetes mellitus. J Periodontol
1981;52:167-173.

46- Salvi GE, Collins JG, Yalda B, Arnold RR, Lang NP, Offenbacher S. Monocytic TNF-a secretion patterns
in IDDM patients with periodontal diseases. J Clin Periodontol 1997;24:8-16.

H Vol.10 (2), 8597, December.2020




A review of the relationship between chronic periodontitis

47- Naguib G, Al-Mashat H, Desta T, Graves D. Diabetes prolongs the inflammatory response to a bacterial
stimulus through cytokine dysregulation. J Invest Dermatol 2004;123:87-92.

48- Salvi GE, Yalda B, Collins JG, et al. Inflammatory mediator response as a potential risk marker for
periodontal diseases in insulin-dependent diabetes mellitus patients. J Periodontol 1997;68:127-135.

49-Beam HA, Parsons JR, Lin SS. The effects of blood glucose control upon fracture healing in the BB Wistar
rat with diabetes mellitus. J Orthop Res 2002;20:1210-1216.

50- Gooch HL, Hale JE, Fujioka H, Balian G, Hurwitz SR. Alterations of cartilage and collagen expression
during fracture healing in experimental diabetes. Connect Tissue Res 2000;41:81-85.

51-Lu H, Kraut D, Gerstenfeld LC, Graves DT. Diabetes interferes with bone formation by affecting the
expression of transcription factors that regulate osteoblast

differentiation. Endocrinology 2003;144: 346-352.

52-Amir G, Rosenmann E, Sherman Y, Greenfeld Z, Ne’eman Z, Cohen AM. Osteoporosis in the Cohen
diabetic rat: Correlation between histomorphometric changes in bone and microangiopathy. Lab Invest
2002;82:1399-1405.

53- Nishimura F, Takahashi K, Kurihara M, Takashiba S, Murayama Y. Periodontal disease as a complication
of diabetes mellitus. Ann Periodontol 1998;3:20-29.

54-Monnier VM, Glomb M, Elgawish A, Sell DR. The mechanism of collagen cross-linking in diabetes. A
puzzle nearing resolution. Diabetes 1996;45(Suppl. 3):S67-S72.

55-Schmidt AM, Weidman E, Lalla E, et al. Advanced glycation end products (AGEs) induce oxidant stress
in the gingiva: A potential mechanism underlying accelerated periodontal disease associated with
diabetes. J Periodontal Res 1996;31:508-515.

56-Willershausen-Zonnchen B, Lemmen C, Hamm G. Influence of high glucose concentrations on
glycosaminoglycan and collagen synthesis in cultured human gingival fibroblasts. J Clin Periodontol
1991; 18:190-195.

57- He H, Liu R, Desta T, Leone C, Gerstenfeld L, Graves D. Diabetes causes decreased osteoclastogenesis,
reduced bone formation, and enhanced apoptosis of osteoblastic cells in bacteria stimulated bone loss.
Endocrinology 2004;145:447-452.

58- Liu R, Desta T, He H, Graves D. Diabetes alters the response to bacteria by enhancing fibroblast
apoptosis. Endocrinology 2004;145:2997-3003.

59-Liu R, Bal HS, Desta T, Krothapalli N, Alyassi M, Luan Q, Graves DT. Diabetes enhances periodontal
bone loss through enhanced resorption and diminished bone formation. J Dent Res 2006;85:510-514.

60- Frantzis TG, Reeve CM, Brown AL. The ultra structure of capillary basement membranes in the attached
gingiva of diabetic and non-diabetic patients with periodontal disease. J Periodontol 1971;42:406-411.

61- Salvi GE, Carollo-Bittel B, Lang NP. Effects of diabetes mellitus on periodontal

and peri-implant conditions: update on associations and risks. J Clin Periodontol. 2008;35(8 Suppl):398-409.

62- Mealey BL, Rose LF. Diabetes mellitus and inflammatory periodontal diseases.

Curr Opin Endocrinol Diabetes Obes. 2008;15(2):135-41.

63- G.W. Taylor. Bidirectional interrelationships between diabetes and periodontal diseases: an
epidemiologic perspective, Annals of Periodontology 2001;6(1): 99-112.

64- F. Nishimura, Y. Iwamoto, J. Mineshiba, A. Shimizu,Y. Soga, and Y. Murayama, “Periodontal disease
and diabetes mellitus: the role of tumor necrosis factor-ain a 2 way relationship. Journal of
Periodontology 2003;74(1): 97-102.

65- Thorstensson H, Kuylensteirna J, Hugoson A. Medical status and complications in relation to periodontal
disease experience in insulin- dependent diabetics. J Clin Periodontol 1996;23:194-202.

66- Saremi A, Nelson RG, Tulloch-Reid M, Hanson RL, Sievers ML, Taylor GW, Shlossman M, Bennett
PH, Genco R, Knowler WC. Periodontal disease and mortality in type 2 diabetes. Diabetes Care
2005;28:27- 32.

Vol 10 (2), 85-97, December-2020




Khyria Dhaw Omar

67-Iwamoto Y, Nishimura F, Nakagawa M, Sugimoto H, Shikata K, Makino H, et al. The effect of
antimicrobial periodontal treatment on circulating tumor necrosis factor-alpha and glycated
hemoglobin level in patients with type 2 diabetes. J Periodontol. 2001;72(6):774-8.

68- Al-Zahrani MS, Alghamdi HS. Effect of periodontal treatment on serum C- reactive protein level in obese
and normal-weight women affected with chronic periodontitis. Saudi Med J. 2012;33:309-14.

69- Nishida NTM, Hayashi N, Nagata H, Takeshita T, Nakayama K, et al. Determination of smoking and
obesity as periodontitis risks using the classification and regression tree method. J Periodontol.
2005;76:923-8.

70- Perlstein M1, Bissada NF. Influence of obesity and hypertension on the severity of periodontitis in rats.
Oral Surg Oral Med Oral Pathol. 1977;43:707-19.

71- Chaffee BW, Weston SJ. Association between chronic periodontal disease and obesity: a systematic
review and meta-analysis. J Periodontol. 2010;81:1708-24.

72- Suresh S, Mahendra J. Multifactorial relationship of obesity and periodontal disease. J Clin Diagn Res.
2014;8:1-3.

73- Suvan J, D’Aiuto F, Moles DR, Petrie A, Donos N. Association between overweight/obesity and
periodontitis in adults. A systematic review. Obes Rev 2011; 12:381-404.

74- Wilson JA, Clark JJ. Obesity: impediment to wound healing. Crit Care Nurs Q 2003; 26:119-132.

75- Doyle SL, Lysaght J, Reynolds JV. Obesity and post-operative complications in patients undergoing non-
bariatric surgery. Obes Rev 2010; 11:875-886.

76- Altay U, Gurgan CA, Agbaht K. Changes in inflammatory and metabolic parameters after periodontal
treatment in patients with and without obesity. J Periodontol. 2013;84:13-23.

77- E. Adeghate, “An update on the biology and physiology of resistin,” Cellular and Molecular Life Sciences
2004;61(19-20): 2485-2496.

78- Iwayama T, Yanagita M, Mori K, Sawada K, Ozasa M. Adiponectin regulates functions of gingival
fibroblasts and periodontal ligament cells. J Periodontal Res. 2012;47:563-71.

79- Hiroshima Y, Bando M, Inagaki Y, Mihara C, Kataoka M, Murata H, et al. Resistin in gingival crevicular
fluid and induction of resistin release by Porphyromonas gingivalis lipopolysaccharide in human
neutrophils. J Periodontal Res. 2012;47:554-62.

80- Goodson JM, Groppo D, Halem S, Carpino E. Is obesity an oral bacterial disecase? J Dent Res.
2009;88:519-23.

81-Haffajee AD, Socransky SS. Relation of body mass index, periodontitis and Tannerella forsythia. Journal
of Clinical Periodontology. 2009; 36:89-99.

82- Maitra A, Abbas AK. Endocrine system. In: Kumar V, Fausto N, Abbas AK (eds). Robbins and Cotran
Pathologic basis of disease (7th ed) 2005. Philadelphia, Saunders; 1156-1226.

83-Chen L, Magliano DJ, Zimmet PZ. The worldwide epidemiology of type 2 diabetes mellitus: present and
future perspectives. Nature reviews endocrinology. Available at: www.nature.com/uidfinder.
(Accessed 22nd December 2011)

84- Genetic basis of type 1 and type 2 diabetes, obesity, and their complications. Advances and emerging
opportunities in diabetes research: a Strategic Planning report of the DMICC.
www?2.niddk.nih.gov/NR. (Accessed 22nd December 2011).

85- Ripsin CM, Kang H, Urban RJ. Management of blood glucose in type 2 diabetes mellitus. Am Fam
Physician 2009;79(1):29-36.

86- Hu FB, Manson JE, Stampfer MJ, Colditz G, Liu S, Solomon CG, et al. Diet, lifestyle, and the risk of
type 2 diabetes mellitus in women. N Engl J Med 2001;345(11):790-797.

87- Prevalence of overweight and obesity among adults with diagnosed Diabetes

United States, 1988-1994 and 1999-2000"Centers for Disease Control and Prevention (CDC) (November
2004) MMWR. Morbidity and Mortality Weekly Report; 53(45): 1066-1068.

ﬂ Vol.10 (2), 8597, December.2020




A review of the relationship between chronic periodontitis

88- Kahn CR. Banting Lecture. Insulin action, diabetogenes, and the cause of type II diabetes. Diabetes
1994;43(8):1066-1084.

89- Robertson RP. Antagonist: diabetes and insulin resistance—philosophy, science, and the multiplier
hypothesis. J Lab Clin Med 1995;125(5):560- 564.

90- Meigs JB, Wilson PW, Fox CS, et al. Body mass index, metabolic syndrome, and risk of type 2 diabetes
or cardiovascular disease. J Clin Endocrinol Metab. 2006;91(8):2906-2912.

91- Nagaya T, Yoshida H, Takahashi H, et al. Increases in body mass index, even within non-obese levels,
raise the risk for Type 2 diabetes mellitus: a follow-up study in a Japanese population. Diabet Med.
2005;22(8):1107-1111.

92-Oguma Y, Sesso HD, Paffenbarger RS, et al. Weight change and risk of developing type 2 diabetes. Obes
Res. 2005;13(5):945-951.

93- Wannamethee SG, Shaper AG, Walker M. Overweight and obesity and weight change in middle aged
men: impact on cardiovascular disease and diabetes. J Epidemiol Community Health. 2005;59(2):134—
139.

94- Pratley RE, Weyer C, Bogardus C. Metabolic abnormalities in the development of noninsulin-dependent
diabetes mellitus. In: LeRoith D, Taylor SI, et al. editors. Diabetes mellitus. Philadelphia: Lippincot-
Raven Publishers;2000:548-557.

95- De Ferranti S, Mozaffarian D. The perfect storm: obesity, adipocyte dysfunction, and metabolic
consequences. Clin Chem. 2008;54(6):945-955.

96- Weyer C, Funahashi T, Tanaka S, et al. Hypoadiponectinemia in Obesity and Type 2 Diabetes: Close
Association with Insulin Resistance and Hyperinsulinemia.J Clin Endocrinol Metab.
2001;86(5):1930-1935.

97- Seeley RJ, Woods SC. Monitoring of stored and available fuel by the CNS: Implications for obesity. Nat
Rev Neurosci. 2003;4:901-909.

98- Spiegelman BM, Flier JS. Obesity and the regulation of energy balance. Cell. 2001;104:531-543.

99-Evans RM, Barish GD, Wang YX. PPARs and the complex journey to obesity. Nat Med. 2004;10:355—
361.

100- Hutley L, Prins JB. Fat as an endocrine organ: relationship to the metabolic syndrome. Am J Med Sci.
2005;330(6):280-289.

101- Hussain A, Hydrie MZI, Claussen B, et al. Type 2 Diabetes and obesity: A review. Journal of
Diabetology. 2010;1(2):4.

102- Redinger RN. The Pathophysiology of Obesity and Its Clinical Manifestations. Gastroenterol
Hepat. 2007;3(11):856—63.

103- Straczkowski M, Kowalska I, Stepien A, et al. Increased plasma-soluble tumor necrosis factor alpha
receptor 2 level in lean non-diabetic offspring of type 2 diabetic subjects. Diabetes Care.
2002;25(10):1824-1828.

104- Wellen KE, Hotamisligil GS. Inflammation, stress, and diabetes. J Clin Invest. 2005;115:1111-1119.

105- Verma S, Li SH, Wang CH, et al. Resistin promotes endothelial cell activation: further evidence of
adipokine-endothelial interaction. Circulation. 2003;108(6):736—740.

Vol 10 (2), 85-97, December-2020



