
Abstract

Presently there are 170 million diabetic patients

worldwide. Pakistan ranks sixth in the world with

approximately 6.2 million in the 20-79 year age affected by

the diabetes. 6-10% of the 35-44year old diabetic patients

have been reported to be affected by moderate form of

periodontal disease in Pakistan. Periodontal disease is

referred to as sixth complication of diabetes. The association

between diabetes and periodontal disease has been reported

for more than 40 years but reverse has not been the focus of

researchers until recently. Studies have suggested a bi-

directional relationship between periodontal disease and

glycaemic control with each disease having a potential

impact on the other.

Introduction

Diabetes mellitus, a metabolic disorder characterized

by hyperglycaemia due to the defective secretion or activity

of insulin, affects an estimated 171 million people currently

worldwide. Prevalence is same for both genders. Pakistan

ranks sixth in the world with approximately 6.2 million in the

20-79 year age affected by the condition.1-4

Diabetics present with the classical triad of symptoms

polydypsia, polyuria and polyphagia. This is often

accompanied by chronic fatigue and loss of

weight..Complications of diabetes mellitus include

retinopathy, nephropathy, neuropathy, and cardiovascular

disease.5,6 Periodontitis is now referred to as the sixth most

common complication of diabetes.7

Clinical studies have demonstrated a higher

prevalence of periodontitis in diabetic patients.8-10

Periodontal disease and diabetes have a number of

common pathways in their pathogenesis; both diseases are

polygenic disorders with some degree of immunoregulatory

dysfunction.5 The association between diabetes and

periodontal disease has been reported for more than 40 years

but reverse has not been the focus of researchers until

recently.11 Studies have suggested a bi-directional

relationship between periodontal disease and glycaemic

control with each disease having a potential impact on the

other.12,13

This review attempts to correlate bidirectional

relationship between diabetes and periodontal disease. 

The effect of diabetes on periodontal disease:

Years of research have established a number of

mechanisms by which diabetes can influence the

periodontium. Many of these mechanisms share common

characteristics with those involved in the classic

complications of diabetes, such as retinopathy, nephropathy,

neuropathy, macrovascular diseases and altered wound

healing. Periodontal diseases are infectious diseases, research

initially focused on possible differences in the subgingival

microbial flora of patients with and without diabetes.

Although some early studies reported higher proportions of

certain bacteria in the periodontal pockets of patients with

diabetes, later studies involving cultures revealed few

differences in periodontally diseased sites of subjects with

diabetes and those of subjects without diabetes.14 Therefore,

researchers have now focused attention on potential

differences in the immunoinflammatory response to bacteria

between diabetics and non diabetics.

The immunoinflammatory response is altered due to

alteration in the function of inflammatory cells involved

(macrophages, neutrophils and monocytes). These cells are

the first line of host defense and inhibition of their function

may prevent destruction of bacteria in the periodontal pocket,

thereby increasing periodontal destruction.

Immunoinflammatory responses are unregulated in people

with diabetes. For example, chemotaxis, phagocytosis and

adherence, of neutrophils are often impaired.15 Macrophages

and monocytes often exhibit elevated production of

proinflammatory cytokines and mediators such as tumour

necrosis factor α (TNF-α) in response to periodontal

pathogens, which may increase host tissue destruction.15

Elevated TNF-α levels are found in the blood and gingival

crevicular fluid, suggesting both a local and systemic hyper

responsiveness of this immune cell line. Glycaemic control

has been reported to be an important determinant of this

response.15

In a study of subjects with diabetes and periodontitis,

Engebretson and colleagues found that crevicular fluid levels

of interleukin 1 β (IL-1β) were almost twice as high in

subjects with HbA1c levels greater than 8 percent compared

to those whose HbA1c levels were up to 8 percent.15
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Altered wound healing is another common problem in

people with diabetes. The primary reparative cell in the

periodontium, the fibroblast, does not function properly in

high-glucose environments. Furthermore; the collagen that is

produced by these fibroblasts is susceptible to rapid

degradation by matrix metalloproteinase enzymes. The

production of this enzyme is elevated in diabetes.15 Thus;

periodontal wound healing responses to chronic microbial

insult may be altered in those with sustained hyperglycaemia.

The result an increased bone loss and attachment loss.

One of the major characteristics of diabetic

complications is a change in microvascular integrity, which

underlies end-organ damage, such as that responsible for

retinopathy and nephropathy.15 People with diabetes,

especially those with poor glycaemic control, accumulate

high levels of irreversibly glycated proteins called advanced

glycation end products (AGEs) in the tissues, including the

periodontium.15 AGEs are a primary link between numerous

diabetic complications, because they induce marked changes

in cells and extracellular matrix components. These changes,

including abnormal endothelial cell function, capillary

growth and vessel proliferation, also occur in the

periodontium of some people with diabetes.15 The

accumulation of AGEs in patients with diabetes also

increases the intensity of the immunoinflammatory response

to periodontal pathogens, because inflammatory cells such as

monocytes and macrophages have receptors for AGEs.15

Interactions between AGEs and their receptors on

inflammatory cells result in the increased production of

proinflammatory cytokines such as IL-1β and TNF-α. This

interaction may be the cause of the marked elevation in

gingival crevicular fluid levels of IL-1β and TNF-α seen in

subjects with diabetes compared with those without diabetes.

Thus it may contribute to the increased prevalence and

severity of periodontal diseases found in numerous studies of

populations of people with diabetes.15

Diabetes has been observed to increase the risk of

experiencing continued periodontal destruction over time up

to 5 folds.15-25 Studies have been done which suggest that

poorly controlled diabetics respond less successfully to

periodontal therapy compared to well-controlled and non-

diabetics.26 Bridges and others found that diabetes affected all

periodontal parameters, including bleeding scores, probing

depths, and loss of attachment and missing teeth. In fact, one

study has shown that diabetic patients are five times more

likely to be partially edentulous than non diabetic subjects.27

Saito followed a cohort over a 10-year period.

Subjects included people with normal glucose tolerance,

impaired glucose tolerance and manifest diabetics.28 He

found that an increase in mean pocket depth was more closely

associated with the development of glucose intolerance from

normal status. One-third of the subjects with impaired

glucose tolerance at the beginning of the 10-year study

improved their glucose status to normal. In addition, the

proportion with normal glucose tolerance was higher in

subjects with shallower pocket depths than in those with

deeper pockets.

Increase in glycaemic level increases the pocket depth

and leads to periodontal disease.

The effect of periodontal disease on diabetes:

All chronic infections affect the glycaemic control in

diabetics. Chronic inflammation leads to impairment in cell-

mediated immunity such as neutrophil

(polymorphonucleocyte) chemotaxis and macrophage

function and vascular disease.29,30 Cytokines such as IL-10

and transforming growth factor (TGF)- q , which control

humoral responses, and IL-2 and interferon (IFN) gamma,

which control the cellular response are produced. These

change in cellular and hormonal response affect the reslease

of insulin and affect glycaemic control.

Periodontal disease is one such chronic infection

which affects the glycaemic control in a similar manner. A

two year longitudinal trial indicated a six fold increase in risk

of worsening glycaemic control in diabetic patients having

severe periodontitis compared with subjects with diabetics

having no periodontitis.31

Studies have attempted to determine the influence of

periodontal diseases on the control of diabetes and reported

that periodontal therapy may improve metabolic control of

diabetes.28 The study observed that mechanical periodontal

treatment alone not only improves periodontal health it also

has a positive effect on the level of glycosylated

haemoglobin. However, the magnitude and duration of the

improvement may not be clinically significant. 

There is weak evidence from clinical trials that

diabetics require more thorough and aggressive periodontal

therapy than non-diabetics with periodontal disease. 

The mechanisms by which periodontal diseases may

affect the diabetic state have been elucidated only recently.

Both periodontal diseases and diabetes, especially type 2

diabetes, have major inflammatory components. Chronic

periodontal diseases also have the potential to exacerbate

insulin resistance and worsen glycaemic control, while

periodontal treatment that decreases inflammation may help

diminish insulin resistance.32

Patients with inflammatory periodontal diseases often

have elevated serum levels of proinflammatory cytokines.33

These levels are exacerbated in diabetics. This has the

potential to increase insulin resistance and make it more

difficult for the patient to control his or her diabetes.33

Research shows improvement in glycaemic control after

periodontal therapy in diabetic patients. In a recent study of
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subjects with type 2 diabetes and periodontitis, Iwamoto and

colleagues found that periodontal treatment to have a

significant correlation with reduction in serum levels of TNF-

α.34 This reduction in the TNF-α levels was accompanied by

a significant reduction in mean HbA1c values (from 8.0 to 7.1

percent). This suggests that a reduction in periodontal

inflammation helps decrease inflammatory mediators in the

serum that are associated with insulin resistance, thereby

improving glycaemic control.

Bidirectional relationship model:

Diabetes is a risk factor for severe periodontal disease.

Severe periodontal disease often coexists with severe

diabetes mellitus. A model is presented whereby severe

periodontal disease increases the severity of diabetes mellitus

and complicates metabolic control. It was proposed that an

infection-mediated upregulation cycle of cytokine synthesis

and secretion by chronic stimulus from lipopolysaccharide

(LPS) and products of periodontopathic organisms may

amplify the magnitude of the advanced glycation end product

(AGE)-mediated cytokine response operative in diabetes

mellitus. In this model, the combination of these 2 pathways,

infection and AGE-mediated cytokine up regulation, helps

explain the increase in tissue destruction seen in diabetic

periodontitis. It shows how periodontal infection may

complicate the severity of diabetes and the degree of

metabolic control, resulting in a 2-way relationship between

diabetes mellitus and periodontal disease/infection. This

proposed dual pathway of tissue destruction suggests that

control of chronic periodontal infection is essential for

achieving long-term control of diabetes mellitus. 

References
1. Kim J, Amar S. Periodontal disease and systemic conditions: a bidirectional

relationship. Odontology 2006; 94: 10-21.

2. King H, Aubert RE, Herman WH. Global burden of diabetes, 1995-2025:

prevalence, numerical estimates, and projections. Diabetes Care 1998; 21:

1414-31.

3. International diabetics federation, diabetes atlas [Homepage of International

diabetics federation]. (Online) (Cited 2007 Dec 3rd). 

Available from URL: http://www.idf.org.

4. International Diabetes Federation. Diabetes Atlas, Executive summary 4th

edition. IDF; 2009.

5. Soskolne WA, Klinger A. The relationship between periodontal diseases and

diabetes: an overview. Ann Periodontol 2001; 6: 91-8. 

6. American Dental Association, Complications of Diabetes Mellitus. (Online)

(Cited 2008 4th April). Available from URL: http://www.diabetes.org/diabetes-

statistics/complications.jsp.

7. Loe H. Periodontal disease. The sixth complication of diabetes mellitus.

Diabetes Care 1993; 16: 329-34. 

8. Loesche WJ, Grossman NS. Periodontal disease as a specific, albeit chronic,

infection: diagnosis and treatment. Clin Microbiol Reviews 2001; 14: 727-52.

9. Novaes AB Jr, Pereira AL, de Moraes N, Novaes AB. Manifestations of insulin-

dependent diabetes mellitus in the periodontium of young Brazilian patients. J

Periodontol 1991; 62: 116-22. 

10. Thorstensson H, Hugoson A. Periodontal disease experience in adult long-

duration insulin-dependent diabetics. J Clin Periodontol 1993; 20: 352-8.

11. Kawamura M, Fukuda S, Kawabata K, Iwamoto Y. Comparison of health

behaviour and oral/medical conditions in non-insulin-dependent (type II)

diabetics and non-diabetics. Aust Dent J 2008; 43: 315-20.

12. Taylor GW. Bidirectional interrelationships between diabetes, and periodontal

diseases: an epidemiologic perspective. Ann Periodontol 2001; 6: 99-112. 

13. Khader YS, Albashaireh ZSM, Hammad MM. Periodontal status of type 2

diabetics compared with nondiabetics in north Jordan. East Mediterr Health J

2008; 14: 654-61.

14. Mealey B. Diabetes and periodontal diseases. J Periodontol 1999; 70: 935-49.

15. Mealey BL. Periodontal disease and diabetes A two-way street. J Am Dent

Assoc 2006; 137: 26-31.

16. Lalla E, Cheng B, Lal S, Tucker S, Greenberg E, Goland R, et al. Periodontal

changes in children and adolescents with diabetes: a case-control study.

Diabetes Care 2006; 29: 295-99.

17. Araújo NC, Bello DMA, deSouza PRE, Cimões R. Association of

Polymorphism of the MBL2 Gene in Type 2 Diabetic Patients with

Periodontitis: a Preliminary Study Acta Stomatol Croat 2009; 43: 290-300.

18. Lalla E, Kaplan S, Chang SM, Roth GA, Celenti R, Hinckley K, et al. Periodontal

infection profiles in type I diabetes. J Clin Periodontol 2006; 33: 855-62.

19. Preshaw PM. Periodontal disease and diabetes. J Dent 2009; 37: 575-7.

20. Guzman S, Karima M, Wang HY, Van Dyke TE. Association between

interleukin-1 genotype and periodontal disease in a diabetic population. J

Periodontol 2003; 74: 1183-90.

21. Tsai C, Hayes C, Taylor GW. Glycaemic control of type 2 diabetes and severe

periodontal disease in the US adult population. Community Dent Oral

Epidemiol 2002; 30: 182-92. 

22. Garber SE, Shabahang S, Escher AP, Torabinejad M. The effect of

hyperglycemia on pulpal healing in rats. J Endod 2009; 35: 60-2. 

23. Matthews DC. The relationship between diabetes and periodontal disease. J Can

Dent Assoc 2002; 68: 161-4.

24. Cutler CW, Machen RL, Jorwani R, Iacopino AM. Heightened gingival

inflammation and attachment loss in type 2 diabetics with hyperlipidemia. J Clin

Periodontol 1999; 70: 1313-21.

25. Nishimura F, Iwamoto Y, Mineshiba J, Shimizu A, Soga Y, Murayama Y.

Periodontal disease and diabetes mellitus:the role of tumor necrosis factor-alpha

in a 2-way relationship. J Clin Periodontol 2003; 74: 97-102.

26. Garcia R. Periodontal treatment could improve glycaemic control in diabetic

patients. EBD 2009; 10: 20-1.

27. Kaur G, Holtfreter B, Rathmann W, Schwahn C, Wallaschofski H, Schipf S, et

al. Association between type 1 and type 2 diabetes with periodontal disease and

tooth loss. J Clin Periodontol 2009; 36: 765-74. 

28. Saito T, Shimazaki Y, Kiyohara Y, Kato I, Kubo M, Iida M, et al. The severity

of periodontal disease is associated with the development of glucose intolerance

in non-diabetics: the Hisayama study. J Dent Res 2004; 83: 485-90.

29. Kornman KS. Mapping the pathogenesis of periodontitis: a new look. J

Periodontol 2008; 79: 1560-8.

30. Alonso N, Martínez-Arconada MJ, Granada ML, Soldevila B, Cantón A, Mate

JL, et al. Regulatory T cells in type 1 diabetic patients with autoimmune chronic

atrophic gastritis. Endocrine 2009; 35: 420-8. 

31. Allen EM, Matthews JB, O'Connor R, O'Halloran D, Chapple IL. Periodontitis

and type 2 diabetes: is oxidative stress the mechanistic link? Scott Med J 2009;

54: 41-7.

32. Genco RJ, Grossi SG, Ho A, Nishimura F, Murayama Y. A proposed model

linking inflammation to obesity, diabetes and periodontal infections. J

Periodontol 2005; 76: 2075-84.

33. Loos BG, Craandiji J, Hoek FJ, Wertheim-van Dillen PM, van der Velden U.

Elevation of systemic markers related to cardiovascular diseases in the

peripheral blood of periodontal patients. J Periodontol 2000; 71: 1528-34.

34. Iwamoto Y, Nishimura F, Nakagawa M.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: 774-8.

768 J Pak Med Assoc


