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Introduction
Research has established a strong relationship between
periodontal disease and type 1 and 2 diabetes. This
relationship can be seen clinically, and more recently on
the molecular level. Periodontal disease has been
described as a sixth complication of diabetes mellitus
[1,2]. Evidence is mounting that poorly controlled diabetic
patients are believed to have an increased risk for peri-
odontal disease, and periodontal disease has the potential
to affect glycemic control. The potential exists to influence
the course and management of diabetes mellitus through
periodontal therapy. Conversely, a poor healing response
to periodontal therapy in diabetic patients may indicate
poor glycemic control and warrant a medical consultation
to rule out systemic influences on the periodontium.

Periodontal Disease
Collectively, the tissues anchoring the teeth in the mandible
and maxilla are called the periodontium. The periodontal

attachment apparatus consists of cementum, a layer of calci-
fied interfibrillar matrix and collagen fibrils on the root
surface of the tooth, the periodontal ligament, and alveolar
bone. The periodontal ligament is principally collagen fibers
anchoring the tooth to alveolar bone and provides shock
absorption for the tooth. The dentogingival unit consists of
gingival connective tissue fibers and the junctional epithe-
lium. The gingival attachment creates a protective barrier pre-
venting foreign material access to the connective tissue,
alveolar bone, and root surfaces of the teeth, braces the
gingiva against the tooth, and provides support necessary to
withstand the forces of mastication.

There are a group of inflammatory diseases that affect the
periodontal attachment apparatus, collectively known as
periodontal diseases. These can be classified into six catego-
ries: 1) gingival diseases; 2) chronic periodontitis; 3) aggres-
sive periodontitis; 4) periodontitis as a manifestation of
systemic disease; 5) necrotizing periodontal diseases; and
6) abscesses of the periodontium [3]. Of these, two disease
states, gingivitis and chronic periodontitis, account for the
majority of these diseases seen in clinical practice. Gingivitis
affects approximately 50% of adults in the United States [4].
This inflammatory process is usually due to local factors and
is often self-limited. However, under certain conditions it
may develop into chronic periodontitis. Chronic periodonti-
tis is estimated to affect approximately 35% of the adult
population, whereas the moderate to advanced forms of the
disease is estimated to affect 13% to 15% of adults [5,6]. The
following discussion pertains to chronic periodontitis,
because other than gingivitis it is the most prevalent form of
the disease seen most frequently by clinicians and it causes
irreversible tissue destruction.

Currently chronic periodontitis, an inflammatory
disease of the supporting structures of the dentition, is
believed to be multifactorial with specific microorganisms
or groups of microorganisms being the primary etiologic
factor. Colonization of bacteria continuously occurs on the
surfaces of the teeth. If allowed to accumulate, a subgingi-
val biofilm develops consisting of an accumulation of
bacteria enclosed in a polymetric matrix. The bacteria of
the biofilm are associated with gingival inflammation. The
biofilm is resistant to host defenses and antibiotic treat-
ment. Among the 200 bacterial taxa that can inhabit the
oral cavity, three specific gram-negative pathogens have
been implicated as etiologic agents for chronic periodonti-
tis: Actinobacillus actinomycetemcomitans, Bacteroides
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forsythus, and Porphyromonas gingivalis [7]. Additionally,
research suggests several other bacteria such as Prevotella
intermedia, Treponema denticola, and Eikenella corrodens or
various complexes of oral bacteria have a role in initiating
or perpetuating periodontitis [8,9].

As dental plaque is allowed to accumulate, an inflam-
matory reaction occurs within the gingiva. As this plaque
continues to adhere to the teeth and mature, in a suscepti-
ble individual the resulting inflammatory process may lead
to clinical attachment loss, migration of the attachment
apically on the root surface, gingival enlargement or reces-
sion, loss of alveolar bone, and periodontal pocket form-
ation, or bleeding gums. With more advanced disease
abscess formation, mobility of affected teeth or tooth loss
can occur. Early in the inflammatory process up to 70% of
the collagen in the gingival connective tissue is destroyed
[10]. As the disease progresses the epithelial lining of the
periodontal pocket loses its integrity resulting in ulceration
of the periodontal pocket, allowing bacteria and bacterial
products access to the underlying periodontal tissue. It has
been estimated that in the patient with generalized
advanced periodontitis the combined surface area of these
ulcerations is approximately 72 cm2 [11]. Studies have
demonstrated that recurrent transient bacteremias occur in
patients with daily activities such as tooth brushing and
chewing [12].

Clinicians generally use the following methods to
assess destruction of the attachment apparatus due to peri-
odontitis: 1) visual examination for the clinical signs of
tissue destruction; 2) radiographic examination for the
evaluation of loss of alveolar bone surrounding the teeth;
and 3) measurement of clinical attachment levels of the
gingival tissue to the teeth with a periodontal probe [13].
The clinical diagnosis of periodontitis is usually made
using a combination of these methods.

Microbial dental plaque is the primary etiologic agent
of periodontal disease. The pathogenesis and progression
of periodontitis can be influenced by numerous risk
factors. These factors may include aging, cigarette smoking,
stress, diabetes mellitus, genetic factors such as interleukin
(IL)-1β polymorphism, specific systemic conditions or
medications, and certain dental anatomic features [14].

Microbes suspected of being the etiology of periodon-
tal disease possess features that contribute to the initiation
and progression of disease. Virulence factors include the
ability to colonize, evade the antibacterial host defenses,
and produce substances that can directly initiate tissue
inflammation and destruction. Certain strains of bacterial
pathogens such as P. gingivalis and A. actinomycetemcomi-
tans possess virulence factors that allow them to invade the
tissue [8]. In addition, they are capable of producing pro-
teolytic enzymes or leukotoxins, which allows them to
evade the host response [15]. The suspected periodonto-
pathic bacteria express antigens, lipopolysaccharide, and
products that can affect the immune response and cell
growth. A. actinomycetemcomitans and P. gingivalis produce

proteases and metabolic byproducts that can degrade
surrounding tissue [16]. Additionally, bone resorption can
be induced by bacterial lipopolysaccharide [17].

The pathogenic organisms associated with periodontal
disease induce an inflammatory cascade within the peri-
odontium that may lead to host-mediated tissue destruc-
tion. It is generally believed the majority of periodontal
destruction results from host-derived proteinases or matrix
metalloproteinases. Although bacteria produce lytic
enzymes, the tissue destruction seen in periodontitis
occurs from the activation of the host response rather than
direct bacterial challenge and is dependent on the host-
parasite equilibrium [18]. Bacterial endotoxin, toxins, and
cell membrane products challenge the host, activating an
inflammatory cascade with the synthesis and secretion of
IL-1β, tumor necrosis factor (TNF)-α, and IL–6, which
induce and enhance the production of prostaglandin E2
and matrix metalloproteinases. The upregulation of cyto-
kines is a major factor in the connective tissue destruction
and alveolar bone resorption seen in periodontal disease
[19,20]. Cytokine levels are elevated in sites demonstrating
periodontal disease. Specifically, IL-1β, TNF-α, and IL–6
levels increase during periods of tissue and bone destruc-
tion, whereas levels decrease after periodontal therapy
[21,22].

Chronic periodontal disease is a relatively slowly
progressing insidious disease that can remain undetected
by the patient for years. Often, the first presenting symp-
toms may be a painful loose tooth, drifting teeth, or a
painful abscess. Frequently, tissue destruction is of such a
magnitude that it requires extraction of teeth. For this
reason it is particularly important for persons with diabe-
tes to have regular and systematic evaluation of the
periodontal tissues by a health care professional to deter-
mine the need for periodontal treatment.

Being a chronic infection, treatment of periodontitis
generally differs from treatment for acute infections. Treat-
ment attempts to reduce the number of pathogenic organ-
isms and produce a periodontium that is conducive for
health. Mechanical therapy remains the treatment of
choice for periodontitis. Traditional therapy includes the
nonsurgical treatment of scaling and root planning along
with various surgical modalities to improve access for
débridement, reduction of periodontal pockets, and the
regeneration of destroyed periodontal tissue where possi-
ble. The goal of mechanical therapy is to disrupt the bio-
film, thus reducing bacterial virulence factors and allowing
the host to re-establish periodontal health. Adjunctive anti-
biotics may be used when deemed necessary, but are gener-
ally used after mechanical disruption of the bacterial
biofilm. Upon successful completion of periodontal treat-
ment, patients are placed on maintenance therapy. In this
phase of therapy patients are seen as frequently as every
second or third month to disrupt the reformation of bacte-
rial biofilm and prevent recurrence of the disease through
the use of mechanical débridement.
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Diabetes and Periodontal Disease
Studies have suggested that patients with poor glycemic con-
trol are at a greater risk for the development of infections
than nondiabetic patients and that these infections occur
with increased severity in diabetic patients [23,24]. Many of
these infections are caused by gram-negative anaerobes.

It has been postulated that the subgingival microflora
may be altered in diabetic periodontal patients as
compared to nondiabetic patients, thus leading to more
severe disease. Laboratory data from in vivo studies suggest
that the microflora of type 1 and type 2 diabetic patients is
not specific or unique to these periodontal patients when
compared to nondiabetic patients [25,26].

The development of these infections correlates with the
level of glycemic control in these patients [27]. The exact
mechanism, which predisposes these individuals to infec-
tions, is not known, but several aspects of immunity may
play a role. Reduced polymorphonuclear leukocyte (PMN)
chemotaxis, phagocytosis, and an impaired antioxidant
killing of bacteria have been implicated [28,29]. Thicken-
ing of the vascular basement membranes may reduce tissue
nutrition and inhibit the migration of PMNs.

One team of investigators has hypothesized that
increased accumulation of advanced glycation end products
(AGEs) and their interaction with the receptor for advanced
glycation end products (RAGE) in the gingiva of diabetic
patients increases vascular permeability, loss of tissue integ-
rity, and barrier function. The increase in AGEs in the tissue
may also attract and immobilize monocytes with the release
of proinflammatory cytokines and matrix metalloprotein-
ases. Additional cells such as fibroblasts affected by AGEs
may lead to an increase in matrix metalloproteinases and a
decrease in collagen production. This cascade of events may
contribute to an exaggerated response to periodontal patho-
gens, with accelerated connective tissue and bone destruction
seen in patients with diabetes [30]. It has been suggested that
AGE monocytes and RAGE interaction results in chronic
monocyte generation of proinflammatory mediators such as
IL-1β, TNF-α, and IL–6, whose ultimate effects may result in
activation of osteoclasts and collagenases/matrix metallopro-
teinases, thereby leading to bone and connective tissue
destruction [31].

Wound healing appears to be compromised in diabetic
patients and the exact mechanism is not known. Possible
mechanisms include altered cellular activities and failure
of PMNs to migrate toward the area of wound healing. As
previously mentioned, collagen synthesis is affected in
diabetic patients with a decrease in the production of
collagen. Increased cross-linking and glycosylation of
collagen renders it less soluble and possibly increases
remodeling time. Increased collagenase production may
degrade newly formed collagen.

Extensive supporting evidence indicates that a relation-
ship between poor glycemic control and periodontal
disease exists. Investigators have determined that type 1
diabetic patients have an increased risk of developing peri-

odontal disease with age, and the severity of periodontal
disease increases with duration of diabetes than in nondia-
betic patients [32,33]. Significantly more periodontal
attachment loss and alveolar bone is lost in type 1 diabetic
patients who have poor glycemic control than those who
are well controlled or nondiabetic patients.

Multiple studies on the Pima Indian population in
Arizona who have an unusually high prevalence of type 2
diabetes indicate that diabetic patients have a higher preva-
lence of periodontal disease [34,35]. Additionally, the per-
sons in the group with poorly controlled diabetes have
more severe periodontal disease with an increased risk of
progressive bone loss [36]. These findings have been cor-
roborated in other populations. Turkish patients with
non–insulin-dependent diabetes mellitus had more severe
periodontal disease than nondiabetic patients [37].

Diabetic patients with severe periodontitis may also have
an increased risk of diabetic complications. A case-controlled
study at baseline found these patients to have a greater preva-
lence of proteinuria, stroke, transient ischemic attack, angina,
myocardial infarction, and heart failure than in diabetic
patients with mild periodontal disease [38].

Two recent investigations provided evidence that treat-
ment for periodontitis in type 2 diabetic patients resulted
in an improvement in glycemic control. Both used glycated
hemoglobin A1c (HbA1c) as a measure of glycemic control.
The first study provided mechanical therapy to the test
group and no periodontal therapy to the control group
[39]. After 3 months, the reduction in HbA1c was signifi-
cantly greater for the test group than the control group,
with a 21% versus 9% reduction.

A second investigation combined ultrasonic scaling
with systemic doxycycline or irrigation with water, chlor-
hexidine, or povidone-iodine [40]. At 3 months the test
groups receiving doxycycline had significantly greater
reductions in HbA1c that approached 10%. Those groups
not receiving doxycycline had smaller and nonsignificant
reductions in HbA1c. The authors suggested the use of
doxycycline was beneficial in two ways: first in part to its
antimicrobial effects, and second due to the ability of the
drug to modify the host response. Doxycycline, a modified
tetracycline, may alter the host response by suppressing
collagenolytic activity, increase protein synthesis and secre-
tion, inhibit matrix metalloproteinases, inhibit non-
enzymatic glycation, and block protein kinase C activity, a
step in the secretion of IL-1β and TNF-α [40].

The effect of improved metabolic control of diabetes
on periodontitis without periodontal therapy over a period
of 8 months resulted in no significant improvement in the
periodontal status of these patients [41]. There appears to
be no conclusive evidence suggesting strict metabolic con-
trol will improve periodontal status without periodontal
treatment. However, a cause and effect relationship has not
been established. What has been well documented is that
diabetic patients with good glycemic control will respond
to periodontal treatment as well as nondiabetic patients
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[42–44]. Poorly controlled patients may show an improve-
ment in their periodontal status after therapy, but with less
favorable results and recurrence of periodontitis over the
long term [45]. Other studies have found that periodontal
therapy did not have a statistically or clinically significant
change in HbA1c [42,43]. Two reviews of the literature sug-
gest the current available research is insufficient to ascer-
tain if periodontal therapy can contribute to the metabolic
control of either type 1 or 2 diabetes [46•,47].

The systemic consequences of elevated proinflamma-
tory cytokines in response to periodontal pathogens have
not been fully investigated until recently. Insulin resistance
occurs in both diabetic and nondiabetic patients during
acute infections and during the recovery period, with an
increase of 33% and 28%, respectively [48,49]. One sug-
gested mechanism for the increase in insulin resistance is
the release of cytokines, such as IL-1β and TNF-α, in
response to bacteroides infections. It remains to be seen if
chronic periodontal infections can result in increased
insulin resistance.

Based on these data, we as well as others have devel-
oped a model to address the relationship between diabetes
and periodontal disease. As can be seen in Figure 1, an
increase in periodontopathic microorganisms causes levels
of IL-β and TNF-α to rise, leading to increased insulin resis-
tance with a concomitant rise in blood glucose. With
removal of these pathogens, the pathways are reversed
leading to a decrease in blood glucose. One hypothesis
proposes “that periodontal infection-mediated cytokine
synthesis and secretion may amplify the magnitude of the
AGE-mediated cytokine response and vice versa. The rela-
tionship between diabetes and periodontal disease
becomes a two-way relationship” [50•].

Conclusions
Additional research is needed to answer the following
question: Will the treatment of periodontitis result in
improved glycemic control? It will be important to deter-
mine if improved insulin resistance accompanies a
decrease in the concentration of cytokines after periodon-
tal therapy.

There is strong evidence that there is a connection
between periodontal disease and diabetes on a molecular
level. Poorly controlled patients with diabetes have an
increased risk for periodontal disease, and periodontal
disease has the potential to affect glycemic control. We have
proposed such a model mediated by proinflammatory cyto-
kines and insulin resistance. The potential exists to influence
the course and management of systemic disease and health
through periodontal therapy. A poor healing response to
periodontal therapy may indicate systemic disease influenc-
ing healing and warrant a medical consultation to determine
glycemic control in these patients.

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1. Loe H: Periodontal disease: the sixth complication of 
diabetes mellitus. Diabetes Care 1993, 16(suppl 1):329–334.

2. American Diabetes Association Clinical Practice Recommen-
dations 2001 [no authors listed]. Diabetes Care 2001, 
24(suppl 1):S1–S133.

3. Armitage GC: Development of a classification system for peri-
odontal diseases and conditions. Ann Periodontol 1999, 4:1–6.

4. Albandar JM, Kingman A: Gingival recession, gingival bleed-
ing and dental calculus in adults 30 years of age and older in 
the United States, 1988-1994. J Periodontol 1999, 70:30–43.

Figure 1. Hypothetical model of the association between periodontitis and type 2 diabetes mellitus (DM2). The left side shows that periodontal 
pathogens can induce proinflammatory cytokine release leading to periodontal tissue destruction. These cytokines may also induce insulin resis-
tance and elevated hemoglobin A1c (HbA1c). The right side shows that when periodontal pathogens are suppressed by mechanical and antimi-
crobial therapy, reduced periodontal pathogens will be detected, leading to reduced proinflammatory cytokine release, improved insulin 
resistance, and reduced HbA1c. IL—interleukin; TNF-α—tumor necrosis factor-α; Tx—treatment. (From Stewart et al., Unpublished data.)



50 Other Complications
5. Albander JM, Brunelle JA, Kingman A: Destructive periodontal 
disease in adults 30 years of age and older in the United 
States, 1988-1994. J Periodontol 1999, 70:13–29.

6. Brown LJ, Loe H: Prevalence extent severity and progression 
of periodontal disease. Periodontol 2000 1993, 2:57–71.

7. Zambon JJ: Periodontal diseases: microbial factors. 
Ann Periodontol 1996, 1:879–925.

8. Haffajee AD, Socransky SS: Microbial etiologic agents of destruc-
tive periodontal diseases. Periodontol 2000 1994, 5:78–111.

9. Socransky SS, Haffajee AD, Cugini MA: Microbial complexes 
in subgingival plaque. J Clin Periodontol 1998, 25:134–144.

10. Page R, Schroeder H: Pathogenesis of inflammatory periodon-
tal disease: a summary of current work. Lab Invest 1976, 
34:235–249.

11. Page RC: The pathobiology of periodontal diseases may affect 
systemic diseases: inversion of a paradigm. Ann Periodontol 
1998, 3:108–120.

12. Silver JG, Martin AW, McBride BC: Experimental transient 
bacteremias in human subjects with varying degrees 
of plaque accumulation and gingival inflammation. 
J Clin Periodontol 1977, 4:92–99.

13. Armitage GC: Clinical evaluation of periodontal diseases. 
Periodontol 2000 1995, 7:39–53.

14. Nunn ME: Understanding the etiology of periodontitis: 
an overview of periodontal risk factors. Periodontol 2000 
2003, 32:11–23.

15. Genco C, Potempa J, Mikolajczk-Pawlinska J, Travis J: Role 
of gingipains R in the pathogenesis of Porphyromonas 
gingivalis-mediated periodontal disease. Clin Infect Dis 
1999, 28:456–465.

16. Holt SC, Bramanti TE: Factors in virulence expression and 
their role in periodontal disease pathogenesis. Crit Rev Oral 
Biol Med 1991, 2:177–281.

17. Hausmann E, Raiz LG, Miller WA: Endotoxin stimulation of 
bone resorption in tissue culture. Science 1970, 168:862–864.

18. Schenkein H: The pathogenesis of periodontal disease. 
J Periodontol 1999, 70:457–470.

19. Offenbacher S: Periodontal diseases: pathogenesis. Ann 
Periodontol 1996, 1:821–878.

20. Dennison DK, Van Dyke TE: The acute inflammatory response 
and the role of phagocytic cells in periodontal health and 
disease. Periodontol 2000 1997, 14:12–32.

21. Stashenko P, Fujiyoshi P, Obernesser MS, et al.: Levels of 
interleukin-1 beta in tissue from sites of active periodontal 
disease. J Clin Periodontol 1991, 18:548–554.

22. Takahashi K, Takoshiba S, Nagai A, et al.: Assessment of 
interleukin-6 in the pathogenesis of periodontal disease. 
J Periodontol 1994, 65:147–153.

23. Joshi N, Caputo GM, Weitekamp MR, et al.: Primary care: 
infections in patients with diabetes mellitus. N Engl J Med 
1999, 341:1906–1912.

24. Wheat JL: Infection in diabetes mellitus. Diabetes Care 
1980, 3:187–197.

25. Nishimura F, Takahashi K, Kurihara M, et al.: Periodontal 
disease as a complication of diabetes mellitus. Ann Periodontol 
1998, 3:20–29.

26. Zambon JJ, Reynolds H: Microbiological and immunological 
studies of adult periodontitis in patients with non-insulin 
dependent diabetes mellitus. J Periodontol 1988, 59:23–31.

27. Rayfield EF, Ault MJ: Infection and diabetes: the case for 
glucose control. Am J Med 1982, 72:438–450.

28. Marhoffer W, Stein M, Maeser E, Federlin K: Impairment 
of polymorphonuclear leukocyte function and metabolic 
control of diabetes. Diabetes Care 1992, 15:256–260.

29. Iacono JL, Singh S, Golub LM, et al.: In vivo assay of crevicular 
leukocyte migration. Its development and potential 
applications. J Periodontol 1985, 56(suppl 2):56–62.

30. Lalla E, Lamster IB, Drury S, et al.: Hyperglycemia, glycoxida-
tion and receptor for advanced glycation endproducts: 
potential mechanisms underlying diabetic complications, 
including diabetes-associated periodontitis. Periodontol 2000 
2000, 23:50–62.

31. Lalla E, Lamster IB, Schmidt AM: Enhanced interaction of 
advanced glycation end products with their cellular receptor 
RAGE: implications for the pathogenesis of accelerated peri-
odontal disease in diabetes. Ann Periodontol 1998, 3:13–19.

32. Cianciola LJ, Park BH, Bruck E, et al.: Prevalence of periodon-
tal disease in insulin dependent diabetes mellitus (juvenile 
diabetes). J Am Dent Assoc 1982, 104:653–660.

33. Firatli E: The relation between clinical periodontal status 
and insulin dependent diabetes mellitus. J Periodontol 1997, 
68:136–140.

34. Shlossman M, Knowler WC, Pettitt DJ, Genco RJ: Type 2 
diabetes mellitus and periodontal disease. J Am Dent Assoc 
1990, 121:532–536.

35. Taylor GW, Burt BA, Becker MP, et al.: Severe periodontitis 
and risk for poor glycemic control in patients with non-
insulin dependent diabetes mellitus. J Periodontol 1996, 
67:1085–1093.

36. 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.

37. Unal T, Firatli E, Sivas A, et al.: Fructosamine as a possible 
monitoring parameter in non-insulin dependent diabetes 
mellitus patients with periodontal disease. J Periodontol 
1993, 64:191–194.

38. Thorstensson H, Kuylenstierna J, Hugoson A: Medical status 
and complications in relation to periodontal disease 
experience in insulin dependent diabetics. J Clin Periodontol 
1996, 23:194–202.

39. Stewart J, Wager KA, Friedlander AH, Zadeh HH: The effect of 
periodontal treatment on glycemic control in patients with 
type 2 diabetes mellitus. J Clin Periodontol 2001, 28:306–310.

40. Grossi SG, Skrepcinski FB: Treatment of periodontal disease 
in diabetics reduces glycated hemoglobin. J Periodontol 1997, 
68:713–719.

41. Sastowijoto SH, van der Velden U, van Steenbergen TJM, et al.: 
Improved metabolic control, clinical periodontal status 
and subgingival microbiology in insulin-dependent 
diabetes mellitus. A prospective study. J Clin Periodontol 
1990, 17:233–242.

42. Christgau M, Palitzsch KD, Schmalz G, et al.: Healing response 
to non-surgical periodontal therapy in patients with diabetes 
mellitus: clinical, microbiological and immunologic results. 
J Clin Periodontol 1998, 25:112–124.

43. Westfelt E, Rylander H, Blohme G, et al.: The effect of 
periodontal therapy in diabetics. Results after 5 years. 
J Clin Periodontol 1996, 23:92–100.

44. Tervonen T, Knuuttila M, Pohjamo L, Nurkkala H: Immediate 
response to non-surgical periodontal treatment in subjects 
with diabetes mellitus. J Clin Periodontol 1991, 18:65–68.

45. Ternoven T, Karjalainen K: Periodontal disease related to 
diabetic status. A pilot study of the response to periodontal 
therapy in type 1 diabetes. J Clin Periodontol 1997, 24:505–510.

46.• Taylor GW: Periodontal treatment and its effects on glycemic 
control. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1999, 
87:311–316.

A review of the evidence, both supportive and contrary, regarding 
whether periodontal treatment can affect glycemic control.
47. Gutske CJ: Treatment of periodontitis in the diabetic patient: 

a critical review. J Clin Periodontol 1999, 26:133–137.
48. Sammelkorpi K: Glucose intolerance in acute infections. 

J Intern Med 1989, 225:15–19.
49. Yki-Jarvinen H, Sammalkorpi K, Koivisto VA, Nikkila EA: 

Severity, duration and mechanism of insulin resistance 
during acute infections. J Clin Endocrinol Metab 1989, 
69:317–323.

50.• Grossi SG, Genco RJ: Periodontal disease and diabetes 
mellitus: a two-way relationship. Ann Periodontal 1998, 
3:51–61.

Describes a bidirectional model between periodontal disease and 
diabetes mellitus.


	Periodontal Disease and Diabetes Mellitus
	Periodontal Disease and Diabetes Mellitus
	Jeffery
	Jeffery
	Pucher,
	DDS, MS,

	Address
	Address
	Veterans Affairs Greater Los Angeles Healthcare System,
	Veterans Affairs Greater Los Angeles Healthcare System,

	Current Diabetes Reports
	Current Diabetes Reports
	2004,

	Current Science Inc. ISSN
	Copyright © 2004 by Current Science Inc.

	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	Infections of the tissue surrounding the teeth (periodontitis) are usually caused by anaerobic gr...



	Introduction
	Introduction
	Research has established a strong relationship between periodontal disease and type 1 and 2 diabe...

	Periodontal Disease
	Periodontal Disease
	Collectively, the tissues anchoring the teeth in the mandible and maxilla are called the periodon...
	There are a group of inflammatory diseases that affect the periodontal attachment apparatus, coll...
	Currently chronic periodontitis, an inflammatory disease�of the supporting structures of the dent...
	As dental plaque is allowed to accumulate, an inflammatory reaction occurs within the gingiva. As...
	Clinicians generally use the following methods to assess destruction of the attachment apparatus ...
	Microbial dental plaque is the primary etiologic agent of periodontal disease. The pathogenesis a...
	Microbes suspected of being the etiology of periodontal disease possess features that contribute ...
	The pathogenic organisms associated with periodontal disease induce an inflammatory cascade withi...
	Chronic periodontal disease is a relatively slowly progressing�insidious disease that can remain ...
	Being a chronic infection, treatment of periodontitis generally differs from treatment for acute ...

	Diabetes and Periodontal Disease
	Diabetes and Periodontal Disease
	Studies have suggested that patients with poor glycemic control are at a greater risk for the dev...
	It has been postulated that the subgingival microflora may be altered in diabetic periodontal pat...
	The development of these infections correlates with the level of glycemic control in these patien...
	One team of investigators has hypothesized that increased accumulation of advanced glycation end ...
	Wound healing appears to be compromised in diabetic patients and the exact mechanism is not known...
	Extensive supporting evidence indicates that a relationship between poor glycemic control and per...
	Multiple studies on the Pima Indian population in Arizona�who have an unusually high prevalence o...
	Diabetic patients with severe periodontitis may also have an increased risk of diabetic complicat...
	Two recent investigations provided evidence that treatment for periodontitis in type 2 diabetic p...
	A second investigation combined ultrasonic scaling with systemic doxycycline or irrigation with w...
	<TABLE>
	<TABLE BODY>
	<TABLE ROW>
	<GRAPHIC>

	<TABLE ROW>
	<TABLE ROW>
	Figure 1.� Hypothetical model of the association between periodontitis and type 2 diabetes mellit...
	Figure 1.� Hypothetical model of the association between periodontitis and type 2 diabetes mellit...




	The effect of improved metabolic control of diabetes on periodontitis without periodontal therapy...
	The systemic consequences of elevated proinflammatory cytokines in response to periodontal pathog...
	Based on these data, we as well as others have developed a model to address the relationship betw...

	Conclusions
	Conclusions
	Additional research is needed to answer the following question: Will the treatment of periodontit...
	There is strong evidence that there is a connection between periodontal disease and diabetes on a...

	References and Recommended Reading
	References and Recommended Reading
	Papers of particular interest, published recently, have been highlighted as:
	Papers of particular interest, published recently, have been highlighted as:
	• Of importance
	•• Of major importance

	1. Loe
	1. Loe
	1. Loe
	H:
	Periodontal disease: the sixth complication of diabetes mellitus.
	Diabetes Care
	1993,
	16(suppl 1):
	329–
	334.


	2.
	2.
	2.
	2. American Diabetes Association Clinical Practice Recommendations 2001 [no authors listed].
	Diabetes Care
	2001,
	24(suppl 1):
	S1–
	S133.


	3. Armitage
	3. Armitage
	3. Armitage
	GC:
	Development of a classification system for periodontal diseases and conditions.
	Ann Periodontol
	1999,
	4:
	1–
	6.


	4. Albandar
	4. Albandar
	4. Albandar
	JM,
	Kingman
	A:
	Gingival recession, gingival bleeding and dental calculus in adults 30 years of age and older in ...
	J Periodontol
	1999,
	70:
	30–
	43.


	5. Albander
	5. Albander
	5. Albander
	JM,
	Brunelle
	JA,
	Kingman
	A:
	Destructive periodontal disease in adults 30 years of age and older in the United States, 1988-1994.
	J Periodontol
	1999,
	70:
	13–
	29.


	6. Brown
	6. Brown
	6. Brown
	LJ,
	Loe
	H:
	Prevalence extent severity and progression of periodontal disease.
	Periodontol 2000
	1993,
	2:
	57–
	71.


	7. Zambon
	7. Zambon
	7. Zambon
	JJ:
	Periodontal diseases: microbial factors.
	Ann Periodontol
	1996,
	1:
	879–
	925.


	8. Haffajee
	8. Haffajee
	8. Haffajee
	AD,
	Socransky
	SS:
	Microbial etiologic agents of destructive periodontal diseases.
	Periodontol 2000
	1994,
	5:
	78–
	111.


	9. Socransky
	9. Socransky
	9. Socransky
	SS,
	Haffajee
	AD,
	Cugini
	MA:
	Microbial complexes in subgingival plaque.
	J Clin Periodontol
	1998,
	25:
	134–
	144.


	10. Page
	10. Page
	10. Page
	R,
	Schroeder
	H:
	Pathogenesis of inflammatory periodontal disease: a summary of current work.
	Lab Invest
	1976,
	34:
	235–
	249.


	11. Page
	11. Page
	11. Page
	RC:
	The pathobiology of periodontal diseases may affect systemic diseases: inversion of a paradigm.
	Ann Periodontol
	1998,
	3:
	108–
	120.


	12. Silver
	12. Silver
	12. Silver
	JG,
	Martin
	AW,
	McBride
	BC:
	Experimental transient bacteremias in human subjects with varying degrees of plaque accumulation ...
	J Clin Periodontol
	1977,
	4:
	92–
	99.


	13. Armitage
	13. Armitage
	13. Armitage
	GC:
	Clinical evaluation of periodontal diseases.
	Periodontol 2000
	1995,
	7:
	39–
	53.


	14. Nunn
	14. Nunn
	14. Nunn
	ME:
	Understanding the etiology of periodontitis: an overview of periodontal risk factors.
	Periodontol 2000
	2003,
	32:
	11–
	23.


	15. Genco
	15. Genco
	15. Genco
	C,
	Potempa
	J,
	Mikolajczk-Pawlinska
	J,
	Travis
	J:
	Role of gingipains R in the pathogenesis of Porphyromonas gingivalis-mediated periodontal disease.
	Clin Infect Dis
	1999,
	28:
	456–
	465.


	16. Holt
	16. Holt
	16. Holt
	SC,
	Bramanti
	TE:
	Factors in virulence expression and their role in periodontal disease pathogenesis.
	Crit Rev Oral Biol Med
	1991,
	2:
	177–
	281.


	17. Hausmann
	17. Hausmann
	17. Hausmann
	E,
	Raiz
	LG,
	Miller
	WA:
	Endotoxin stimulation of bone resorption in tissue culture.
	Science
	1970,
	168:
	862–
	864.


	18. Schenkein
	18. Schenkein
	18. Schenkein
	H:
	The pathogenesis of periodontal disease.
	J Periodontol
	1999,
	70:
	457–
	470.


	19. Offenbacher
	19. Offenbacher
	19. Offenbacher
	S:
	Periodontal diseases: pathogenesis.
	Ann Periodontol
	1996,
	1:
	821–
	878.


	20. Dennison
	20. Dennison
	20. Dennison
	DK,
	Van Dyke
	TE:
	The acute inflammatory response and the role of phagocytic cells in periodontal health and disease.
	Periodontol 2000
	1997,
	14:
	12–
	32.


	21. Stashenko
	21. Stashenko
	21. Stashenko
	P,
	Fujiyoshi
	P,
	Obernesser
	MS,
	et al.


	22. Takahashi
	22. Takahashi
	22. Takahashi
	K,
	Takoshiba
	S,
	Nagai
	A,
	et al.


	23. Joshi
	23. Joshi
	23. Joshi
	N,
	Caputo
	GM,
	Weitekamp
	MR,
	et al.


	24. Wheat
	24. Wheat
	24. Wheat
	JL:
	Infection in diabetes mellitus.
	Diabetes Care
	1980,
	3:
	187–
	197.


	25. Nishimura
	25. Nishimura
	25. Nishimura
	F,
	Takahashi
	K,
	Kurihara
	M,
	et al.


	26. Zambon
	26. Zambon
	26. Zambon
	JJ,
	Reynolds
	H:
	Microbiological and immunological studies of adult periodontitis in patients with non-insulin dep...
	J Periodontol
	1988,
	59:
	23–
	31.


	27. Rayfield
	27. Rayfield
	27. Rayfield
	EF,
	Ault
	MJ:
	Infection and diabetes: the case for glucose control.
	Am J Med
	1982,
	72:
	438–
	450.


	28. Marhoffer
	28. Marhoffer
	28. Marhoffer
	W,
	Stein
	M,
	Maeser
	E,
	Federlin
	K:
	Impairment of polymorphonuclear leukocyte function and metabolic control of diabetes.
	Diabetes Care
	1992,
	15:
	256–
	260.


	29. Iacono
	29. Iacono
	29. Iacono
	JL,
	Singh
	S,
	Golub
	LM,
	et al.


	30. Lalla
	30. Lalla
	30. Lalla
	E,
	Lamster
	IB,
	Drury
	S,
	et al.


	31. Lalla
	31. Lalla
	31. Lalla
	E,
	Lamster
	IB,
	Schmidt
	AM:
	Enhanced interaction of advanced glycation end products with their cellular receptor RAGE: implic...
	Ann Periodontol
	1998,
	3:
	13–
	19.


	32. Cianciola
	32. Cianciola
	32. Cianciola
	LJ,
	Park
	BH,
	Bruck
	E,
	et al.


	33. Firatli
	33. Firatli
	33. Firatli
	E:
	The relation between clinical periodontal status and insulin dependent diabetes mellitus.
	J Periodontol
	1997,
	68:
	136–
	140.


	34. Shlossman
	34. Shlossman
	34. Shlossman
	M,
	Knowler
	WC,
	Pettitt
	DJ,
	Genco
	RJ:
	Type 2 diabetes mellitus and periodontal disease.
	J Am Dent Assoc
	1990,
	121:
	532–
	536.


	35. Taylor
	35. Taylor
	35. Taylor
	GW,
	Burt
	BA,
	Becker
	MP,
	et al.


	36. Taylor
	36. Taylor
	36. Taylor
	GW,
	Burt
	BA,
	Becker
	MP,
	et al.


	37. Unal
	37. Unal
	37. Unal
	T,
	Firatli
	E,
	Sivas
	A,
	et al.


	38. Thorstensson
	38. Thorstensson
	38. Thorstensson
	H,
	Kuylenstierna
	J,
	Hugoson
	A:
	Medical status and complications in relation to periodontal disease experience in insulin depende...
	J Clin Periodontol
	1996,
	23:
	194–
	202.


	39. Stewart
	39. Stewart
	39. Stewart
	J,
	Wager
	KA,
	Friedlander
	AH,
	Zadeh
	HH:
	The effect of periodontal treatment on glycemic control in patients with type 2 diabetes mellitus.
	J Clin Periodontol
	2001,
	28:
	306–
	310.


	40. Grossi
	40. Grossi
	40. Grossi
	SG,
	Skrepcinski
	FB:
	Treatment of periodontal disease in diabetics reduces glycated hemoglobin.
	J Periodontol
	1997,
	68:
	713–
	719.


	41. Sastowijoto
	41. Sastowijoto
	41. Sastowijoto
	SH,
	van der Velden
	U,
	van Steenbergen
	TJM,
	et al.


	42. Christgau
	42. Christgau
	42. Christgau
	M,
	Palitzsch
	KD,
	Schmalz
	G,
	et al.


	43. Westfelt
	43. Westfelt
	43. Westfelt
	E,
	Rylander
	H,
	Blohme
	G,
	et al.


	44. Tervonen
	44. Tervonen
	44. Tervonen
	T,
	Knuuttila
	M,
	Pohjamo
	L,
	Nurkkala
	H:
	Immediate response to non-surgical periodontal treatment in subjects with diabetes mellitus.
	J Clin Periodontol
	1991,
	18:
	65–
	68.


	45. Ternoven
	45. Ternoven
	45. Ternoven
	T,
	Karjalainen
	K:
	Periodontal disease related to diabetic status. A pilot study of the response to periodontal ther...
	J Clin Periodontol
	1997,
	24:
	505–
	510.


	46. • Taylor
	46. • Taylor
	46. • Taylor
	GW:
	Periodontal treatment and its effects on glycemic control.
	Oral Surg Oral Med Oral Pathol Oral Radiol Endod
	1999,
	87:
	311–
	316.


	A review of the evidence, both supportive and contrary, regarding whether periodontal treatment c...
	47. Gutske
	47. Gutske
	47. Gutske
	CJ:
	Treatment of periodontitis in the diabetic patient: a critical review.
	J Clin Periodontol
	1999,
	26:
	133–
	137.


	48. Sammelkorpi
	48. Sammelkorpi
	48. Sammelkorpi
	K:
	Glucose intolerance in acute infections.
	J Intern Med
	1989,
	225:
	15–
	19.


	49. Yki-Jarvinen
	49. Yki-Jarvinen
	49. Yki-Jarvinen
	H,
	Sammalkorpi
	K,
	Koivisto
	VA,
	Nikkila
	EA:
	Severity, duration and mechanism of insulin resistance during acute infections.
	J Clin Endocrinol Metab
	1989,
	69:
	317–
	323.


	50. • Grossi
	50. • Grossi
	50. • Grossi
	SG,
	Genco
	RJ:
	Periodontal disease and diabetes mellitus: a two-way relationship.
	Ann Periodontal
	1998,
	3:
	51–
	61.


	Describes a bidirectional model between periodontal disease and diabetes mellitus.



