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Diabetes is a clinically and ge-
netically heterogeneous group 
of metabolic disorders man-

ifested by abnormally high levels of 
glucose in the blood. This hyperglyce-
mia results from either a deficiency of 
insulin secretion caused by pancreatic 
β-cell dysfunction or resistance to the 
action of insulin in liver and muscles, 
or both (1). Periodontal disease is one 
of the most common chronic inflam-
matory diseases and is characterized 
by gradual destruction of connective 
tissue surrounding the teeth, eventu-
ally leading to tooth loss. Periodontitis 
occurs primarily in adults, and its in-
cidence increases with age (2). Type 2 
diabetes and chronic periodontitis are 
both common in older age-groups. 
The relationship between both these 
diseases has been extensively studied.

Epidemiological Considerations
The prevalence of type 2 diabetes 
is increasing rapidly. According to 
World Health Organization esti-
mates, the number of adults with di-
abetes worldwide will increase from 
171 million in 2000 to 366 million 
by 2030 (3). India has been called 
“the diabetes capital of the world” 
because of its high diabetes rates; 
~41 million Indians have diabetes, 
accounting for one-fifth of all diabe-
tes cases worldwide (4). The preva-
lence of periodontal disease in India 
is also alarming, with incidences of 
296 million in 2000, 319 million in 
2005, 341 million in 2010, and an 
estimated 363 million in 2015 (5). 
Both diabetes and periodontitis are 

more severe and progress more rap-
idly when these conditions occur 
simultaneously.

Many studies have reported cor-
relations between periodontal health 
and various diabetes-related factors 
such as A1C and duration of diabetes. 
In the U.S. Third National Health 
and Nutrition Examination Survey 
(2), adults with an A1C >9% had a 
significantly higher rate of severe peri-
odontitis than those without diabetes. 
Periodontitis is considered a “sixth 
complication of diabetes” (6). A study 
by Williams and Mahan (7) involv-
ing 2,273 people with diabetes found 
a 60% prevalence of periodontal dis-
ease; the incidence of periodontitis 
was two- to fourfold higher.

Oral Manifestations of 
Diabetes
The effects of diabetes on oral 
health have been studied extensively. 
Diminished salivary flow is a com-
mon oral feature of diabetes and may 
or may not include symptoms of a 
burning sensation in the mouth or 
tongue and concomitant enlargement 
of the parotid salivary glands (8). 
Table 1 shows the prevalence rates of 
these and other oral manifestations in 
controlled and uncontrolled diabetes 
(9). As the table clearly shows, these 
manifestations are more prevalent in 
individuals with uncontrolled diabe-
tes (10).

Effects of Diabetes on the 
Periodontium
Diabetes is a risk factor for gingivi-
tis and periodontitis, and the degree 
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of glycemic control appears to be 
an important determinant in this 
relationship (11). Individuals with 
type 1 diabetes and high blood glu-
cose levels are more likely to have 
advanced periodontal diseases, and 
there are increases in the prevalence 
and severity of gingival inflammation 
and periodontal destruction in these 
patients (12). In people with poorly 
controlled type 2 diabetes, one study 
found an 11 times higher risk of al-
veolar bone loss over a 2-year period 
compared to control subjects without 
diabetes (13). 

Mechanisms of Diabetes’ 
Effects on Periodontal Disease

Subgingival Microflora
Differences in the subgingival micro-
flora of diabetic and nondiabetic pa-
tients with periodontitis have been re-
ported (14), with a higher proportion 
of Capnocytophaga species in those 
with diabetes. However, an apparent 
lack of significant differences in po-
tential pathogens suggests that alter-
ations in the host immune inflamma-
tory response may play a major role in 
the increased prevalence and severity 
of periodontal destruction in people 
with diabetes.

Host Immune Cells
The function of immune cells, in-
cluding neutrophils, monocytes, and 
macrophages, is altered in diabetes. 
Neutrophil adherence, chemotaxis, 
and phagocytosis are often impaired, 
which may inhibit bacterial killing in 
the periodontal pocket and signifi-
cantly increase periodontal destruc-
tion (15). Peripheral blood monocytes 

from individuals with diabetes pro-
duce elevated levels of tumor necrosis 
factor-α (TNF-α) in response to an-
tigens from Porphyromonas gingivalis 
compared to monocytes from control 
subjects without diabetes (16). The ef-
fects of a hyperglycemic state include 
inhibition of osteoblastic cell prolifer-
ation and collagen production, which 
results in decreased bone formation 
and diminished mechanical proper-
ties of the newly formed bone (17).

Gingival Crevicular Fluid 
Glucose Levels
Increased plasma glucose levels are 
also reflected in elevated gingival 
crevicular fluid (GCF) glucose lev-
els in individuals with diabetes (18). 
High GCF glucose levels directly 
hinder the wound-healing capacity 
of the fibroblasts in periodontium 
by inhibiting the attachment and 
spreading of these cells that is crucial 
for wound-healing and normal tissue 
turnover.

Advanced Glycation End 
Products
In conditions of sustained hypergly-
cemia, proteins combine with glucose 
molecules and undergo glycation to 
form advanced glycation end prod-
ucts (AGEs). These AGEs often form 
on collagen and increase collagen 
crosslinking, leading to formation 
of collagen macromolecules that sus-
tain normal enzymatic degradation. 
Human gingival fibroblasts produce 
decreased amounts of collagen and 
glycosaminoglycans in the hyper-
glycemic state. The residual newly 
formed collagen is highly susceptible 

to enzymatic degradation by collage-
nase, which is mostly present in active 
form in people with diabetes (19). 
All of these factors lead to altered 
collagen metabolism, which affects 
the normal wound-healing process. 
Collagen modified by AGEs accu-
mulates on arterial walls, resulting in 
various macrovascular complications 
of diabetes. The basement membrane 
of endothelial cells also accumulates 
AGE-modified collagen, resulting in 
increased thickness in the microvas-
culature and altering normal homeo-
static transport across the membrane. 
AGE-bone collagen may influence 
cellular, structural, and functional 
characteristics, leading to alterations 
in bone metabolism (20).

Receptors for AGEs
AGEs activate receptors for AGEs 
(RAGEs). These receptors are found 
on surfaces of smooth muscles, endo-
thelial cells, neurons, and monocytes/
macrophages and in the periodon-
tium (21). A 50% increase in messen-
ger RNA for RAGEs was identified in 
the gingival tissues of subjects with 
type 2 diabetes (22). Hyperglycemia 
results in increased expression of 
RAGEs and AGE-RAGE interaction 
on the endothelium, increasing vas-
cular permeability. AGE-RAGE in-
teraction on monocytes increases cel-
lular oxidant stress and activates the 
transcription factor nuclear factor-κB, 
resulting in increased production 
of proinflammatory cytokines such 
as interleukin-1β and TNF-α. In 
a study of diabetic animal models 
(23), Lalla et al. found that blocking 
RAGEs decreases TNF-α, interleu-

TABLE 1. Prevalence of Oral Manifestations in Controlled and Uncontrolled Diabetes (9)
Oral Manifestation Prevalence in Controlled Type 2 

Diabetes (%)
Prevalence in Uncontrolled Type 2 

Diabetes (%)

Hyposalivation 68 84

Halitosis 52 76

Periodontitis 32 48

Burning mouth sensation 32 24

Candidiasis 28 36

Taste alteration 28 44
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kin-6, and matrix metalloproteinase 
levels in the GCF, diminishes accu-
mulation of AGEs in periodontal tis-
sues, and decreases alveolar bone loss 
in response to P. gingivalis.

Mechanisms of Periodontitis’ 
Effects on Diabetes
People with diabetes and periodontal 
infection have a greater risk of wors-
ening glycemic control over time 
compared to people with diabetes 
who do not have periodontitis (24). 
Clinical trials in people with diabetes 
have reported improvement of glyce-
mic control and decrease in insulin 
requirements after periodontal treat-
ment, particularly when mechanical 
therapy was supplemented with the 
use of antibiotics (25–27).

Role of Inflammatory Mediators
Because periodontitis leads to en-
hanced local production of pro- 
inflammatory mediators, the spilling 
of these mediators into the system-
ic circulation has been proposed as 
a mechanism whereby periodontal 
infection could amplify the cytokine 
dysregulation associated with diabetes 
(25). People with diabetes and peri-

odontitis have enhanced production 
of inflammatory mediators in the gin-
gival tissues compared to people with-
out diabetes who have periodontitis 
(28). These mediators can increase 
inflammation and worsen insulin re-
sistance (Figure 1).

Effects of Periodontal Therapy 
on Glycemic Control
Many studies have shown that peri-
odontal therapy improves glycemic 
control in people with diabetes. 
Periodontal therapy in diabetic pa-
tients improved glycemic control by 
17.1%, compared to 6.7% in dia-
betic patients who did not receive 
periodontal therapy (29). Effective 
treatment of periodontal infection 
and reduction of periodontal inflam-
mation is associated with a reduction 
in A1C. Control of periodontal in-
fections thus should be an import-
ant part of the overall management 
of diabetes (25). In one study (30), 
A1C was reduced from a mean of 
8.7% at baseline to a mean of 7.8% 
at follow-up after scaling and root 
planing (SRP) and the use of 0.2% 
chlorhexidine mouth wash. Janket et 

al. (31) carried out a meta-analysis of 
10 intervention studies to estimate 
the effect of periodontal treatment 
on A1C and found a weighted mean 
reduction of 0.66% in people with 
type 2 diabetes, although this change 
did not achieve statistical significance. 
A study by Singh et al. (32) showed 
that nonsurgical periodontal therapy 
was associated with improved glyce-
mic control, and the use of systemic 
doxycycline resulted in a statistical-
ly significant improvement in A1C. 
Faria-Almeida et al. (33) evaluated the 
effect of SRP on the clinical param-
eters and glycemic control of people 
with and without diabetes. She found 
that those with diabetes showed im-
proved metabolic control (i.e., low-
er A1C levels) 3 and 6 months after 
periodontal treatment. In another 
study, Dodwad et al. (34) observed 
significant reductions in A1C and 
C-reactive protein in a group receiv-
ing tetracycline plus SRP compared 
to a group receiving SRP alone. A 
study by Telgi et al. (35) concluded 
that nonsurgical periodontal therapy 
can effectively decrease A1C in people 
with type 2 diabetes who are on med-
ication. In addition, Pradeep et al. 
(36) found that, in people with type 
2 diabetes and chronic periodontitis, 
local delivery of 1% alendronate into 
periodontal pockets resulted in sig-
nificantly greater reduction in prob-
ing depth, clinical attachment gains, 
and improved bone fill compared to 
placebo gel as an adjunct to SRP.

Conclusion
Understanding the two-way relation-
ship between diabetes and periodon-
titis is important for health care pro-
fessionals who treat either condition. 
Medical management of patients of 
diabetes should include consideration 
of possible oral conditions. Similarly, 
treatment of oral diseases should in-
clude systemic evaluation of patients 
for diabetes. To achieve successful 
results, both diseases should be con-
trolled and treated properly when 
they occur as comorbid conditions.

■ FIGURE 1. A schematic presentation of the two-way relationship between diabetes 
and periodontitis.



V O L U M E  3 4 ,  N U M B E R  1 ,  W I N T E R  2 0 1 6  57

i n d u r k a r e t  a l .

Duality of Interest
No potential conflicts of interest relevant to 
this article were reported.

References
1. Mealey BL, Ocampo GL. Diabetes mel-
litus and periodontal disease. Periodontol 
2000 2007;44:127–153

2. Kim EK, Lee SG, Choi YH, et al. 
Association between diabetes related fac-
tors and clinical periodontal parameters in 
type-2 diabetes mellitus, BMC Oral Health 
2013;13:64

3. Wild S, Roglic G, Green A, Sicree R, 
King H. Global prevalence of diabetes: esti-
mates for the year 2000 and projections for 
2030. Diabetes Care 2004;27:1047–1053

4. Joshi SR, Parikh RM. India: diabetes 
capital of the world: now heading towards 
hypertension. J Assoc Physicians India 
2007;55:323–324

5. Shah N. Oral and dental diseases: Causes, 
prevention and treatment strategies. In 
NCMH Background Papers—Burden of 
Disease in India. New Delhi, India, National 
Commission on Macroeconomics and 
Health, Ministry of Health and Family 
Welfare, 2005, p. 275–298

6. Löe H. Periodontal disease: the sixth 
complication of diabetes mellitus. Diabetes 
Care 1993;16:329–334

7. Williams RC Jr, Mahan CJ. Periodontal 
disease and diabetes in young adults. JAMA 
1960;172:776–778

8. Gandara BK, Morton TH Jr. Non-
periodontal oral manifestations of diabetes: 
a framework for medical care providers. 
Diabetes Spectrum 2011;24:199–205

9. Shrimali L, Astekar M, Sowmya GV. 
Correlation of oral manifestations in 
diabetes mellitus. Int J Oral Max Pathol 
2011;2:24–27

10. Bajaj S, Prasad S, Gupta A, Singh VB. 
Oral manifestations in type-2 diabetes and 
related complications. Indian J Endocrinol 
Metab 2012;16:777–779

11. Papapanou PN. 1996 World Workshop in 
Clinical Periodontics: Periodontal diseases: 
epidemiology. Ann Periodontol 1996:1:1–36

12. Tervonen T, Karjalainen K, Knuuttila 
M, Huumonen S. Alveolar bone loss in 
type 1 diabetic subjects. J Clin Periodontol 
2000;27:567–571

13.Taylor GW, Burt BA, Becker MP, et al. 
Non insulin dependent diabetes mellitus and 
alveolar bone loss progression over 2 years. 
J Periodontol 1998;69:76–83

14. American Academy of Periodontology. 
Parameter on periodontitis associated 

with systemic conditions. J Periodontol 
2000;71:876–880

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

16. Naguib G, Al-Mashat H, Desta T, 
Graves DT. Diabetes prolongs the inflam-
matory response to a bacterial stimulus 
through cytokine dysregulation. J Invest 
Dermatol 2004;123:87–92

17. 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;41:81–91

18. Yabe-Nishimura C. Aldose reductase 
in glucose toxicity: a potential target for 
the prevention of diabetic complications. 
Pharmacol Rev 1998;50:21–33

19. Willershausen -Zönnchen B, Lemmen C, 
Hamm G. Influence of high glucose concen-
trations on glycosaminoglycan and collagen 
synthesis in cultured human gingival fibro-
blasts. J Clin Periodontol 1991;18:190–195

20. Wang J. Glucose biosensors: 40 years of 
advances and challenges. Electroanalysis 
2001;13:983–988

21. Schmidt AM, Wiedman E, Lalla E, et 
al. Advanced glycated endproducts (AGEs) 
induce oxidant stress in the gingiva: a 
potential mechanism underlying accelerated 
periodontal disease associated with diabe-
tes. J Periodontal Res 1996;31:508–515

22. Katz IA, Harlan A, Miranda-Palma B, 
et al. A randomized trial of two irremovable 
off-loading devices in the management of 
plantar neuropathic diabetic foot ulcers. 
Diabetes Care 2005;28:555–559

23. Lalla E, Lamster IB, Drury S, Fu C, 
Schmidt AM. Hyperglycemia, glycoxidation 
and receptor for advanced glycation end-
products: potential mechanisms underlying 
diabetic complications, including diabe-
tes-associated periodontitis. Periodontol 
2000 2000;23:50–62

24. Taylor GW, Burt BA, Becker MP, et 
al. Severe periodontitis and risk for poor 
glycemic control in patients with non-in-
sulin-dependent diabetes mellitus. J 
Periodontol 1996;67(10 Suppl.):1085–1093

25. Grossi SG, Skrepcinski FB, DeCaro T, 
et al. Treatment of periodontal disease in 
diabetics reduces glycated hemoglobin. J 
Periodontol 1997;68:713–719

26. Sonoki K, Nakashima S, Takata Y, et al. 
Decreased lipid peroxidation following peri-

odontal therapy in type 2 diabetic patients. 
J Periodontol 2006;77:1907–1913

27. Iwamoto Y, Nishimura F, Nakagawa M, 
et al. The effect of antimicrobial periodon-
tal treatment on circulating tumor necrosis 
factor-alpha and human glycated hemoglo-
bin level in patients with type 2 diabetes. J 
Periodontol 2001;72:774–778

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

29. Stewart J, Wager K, Friedlander A. The 
effect of periodontal treatment on glycemic 
control in patients with type 2 diabetes mel-
litus. J Clin Periodontol 2001;28:306–310

30. Miller LS, Manwell MA, Newbold D, 
et al. The relationship between reduction 
in periodontal inflammation and diabetes 
control: a report of 9 cases. J Periodontol 
1992;63:843–848

31. Janket SJ, Whightman A, Baird AE, Van 
Dyke TE, Jones JA. Does periodontal treat-
ment improve glycemic control in diabetic 
patients? A meta-analysis of intervention 
studies. J Dent Res 2005;84:1154–1159

32. Singh S, Kumar V, Kumar S, Subbappa 
A. The effect of periodontal therapy on the 
improvement of glycemic control in patients 
with type 2 diabetes mellitus: a randomized 
controlled clinical trial. Int J Diabetes Dev 
Ctries 2008;28:38–44

33. Faria-Almeida R, Navarro A, Bascones 
A. Clinical and metabolic changes after 
conventional treatment of type 2 diabetic 
patients with chronic periodontitis. J 
Periodontol 2006;77:591–598

34. Dodwad V, Ahuja S, Kukreja BJ. Effect 
of locally delivered tetracycline hydro-
chloride as an adjunct to scaling and root 
planing on HbA1c, C reactive protein, and 
lipid profile in type 2 diabetes: a clini-
co-biochemical study. Contemp Clin Dent 
2012;3:150–154

35. Telgi RL, Tandom V, Tangade PS, Tirth 
A, Kumar S, Tadav V. Efficacy of nonsur-
gical periodontal therapy on glycaemic 
control in type II diabetic patients: a 
randomized controlled clinical trial. J 
Periodontal Implant Sci 2013;43:177–182

36. Pradeep AR, Sharma A, Rao NS, 
Bajaj P, Naik SB, Kumari M. Local drug 
delivery of alendronate gel for the treat-
ment of patients with chronic periodontitis 
with diabetes mellitus: a double-masked 
controlled clinical trial. J Periodontol 
2012;83:1322–1328


