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Background: The purpose of this review is to provide the
reader with practical knowledge concerning the relationship
between diabetes mellitus and periodontal diseases. Over 200
articles have been published in the English literature over the
past 50 years examining the relationship between these two
chronic diseases. Data interpretation is often confounded by
varying definitions of diabetes and periodontitis and different
clinical criteria applied to prevalence, extent, and severity of
periodontal diseases, levels of glycemic control, and complica-
tions associated with diabetes.

Methods: This article provides a broad overview of the pre-
dominant findings from research published in English over
the past 20 years, with reference to certain ‘‘classic’’ articles
published prior to that time.

Results: This article describes current diagnostic and classi-
fication criteria for diabetes and answers the following ques-
tions: 1) Does diabetes affect the risk of periodontitis, and
does the level of metabolic control of diabetes have an impact
on this relationship? 2) Do periodontal diseases affect the path-
ophysiology of diabetes mellitus or the metabolic control
of diabetes? 3) What are the mechanisms by which these two
diseases interrelate? and 4) How do people with diabetes
and periodontal disease respond to periodontal treatment?

Conclusions: Diabetes increases the risk of periodontal dis-
eases, and biologically plausible mechanisms have been dem-
onstrated in abundance. Less clear is the impact of periodontal
diseases on glycemic control of diabetes and the mechanisms
through which this occurs. Inflammatory periodontal diseases
may increase insulin resistance in a way similar to obesity,
thereby aggravating glycemic control. Further research is
needed to clarify this aspect of the relationship between peri-
odontal diseases and diabetes. J Periodontol 2006;77:1289-
1303.
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Periodically, the Board of Trustees of the
American Academy of Periodontology
identifies the need for review of the litera-
ture on a specific topic and requests the
Editor-in-Chief of the Journal of Peri-
odontology to commission such a review.
The selected author is solely responsible
for the content, and the manuscript is
peer reviewed, like all other Journal arti-
cles. The Academy’s Board of Trustees
does not review or approve the manu-
script prior to publication, and the
content of the review should not be con-
strued as Academy policy.

METHODS

The information presented in this review
is based on a survey of English language
literature primarily over the last 20 years,
although certain ‘‘classic’’ articles are
referenced from before the 1980s. The
literature search was conducted using
the National Library of Medicine’s
Entrez PubMed search engine. The article
does not contain an exhaustive article-
by-article review of the literature but, in-
stead, provides a broad overview of the
predominant findings from research. The
article does not seek to analyze statisti-
cally any of the data from the reviewed
articles, but relies on the original data
analysis and author interpretation. Sev-
eral references are cited from the medical
literature and are not meant to be inclu-
sive of all or even a substantial part of
the medical literature available on the
subject of diabetes mellitus. Diabetes
mellitus is a clinically and genetically
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heterogeneous group of disorders affecting the me-
tabolism of carbohydrates, lipids, and proteins.1

The characteristic feature of diabetes is an abnormal
elevation in blood glucose levels. Hyperglycemia is
due to a deficiency of insulin secretion caused by pan-
creatic b-cell dysfunction and/or insulin resistance in
liver and muscle.2 This metabolic dysregulation is
often associated with alterations in adipocyte metab-
olism. Diabetes is a syndrome in which chronic hyper-
glycemia leads to long-term damage to various
organs including the heart, eyes, kidneys, nerves,
and vascular system.

DIABETES EPIDEMIOLOGY
AND CLASSIFICATION

Diabetes affects ;21 million Americans, including
over 9% of the adult population.3,4 Approximately 6
million of these individuals have the disease but are
undiagnosed.5 The prevalence of diabetes is increas-
ing annually in the United States and varies by age and
racial category, with older individuals, Native Ameri-
cans, Hispanics, and non-Hispanic blacks more com-
monly having diabetes than younger individuals and
non-Hispanic whites. The incidence of diabetes is also
increasing annually. In 2002, ;1.3 million new cases
of diabetes were diagnosed, an increase of 500,000
new cases per year since 1998, when the incidence
was 800,000 cases.5 The rise in prevalence and inci-
dence of diabetes is directly related to increasing obe-
sity rates in the American population.5 About 85% to
90% of diabetic cases are type 2 diabetes, whereas
type 1 diabetes constitutes 5% to 10% of patients. Ges-
tational diabetes and secondary forms of diabetes
associated with other conditions such as pancreatic
disease, drug therapies, and endocrine disorders
account for the remainder of cases.

The current classification of diabetes is based upon
the pathophysiology of each form of the disease.2

Type 1 diabetes results from cellular mediated auto-
immune destruction of pancreatic b-cells, usually
leading to total loss of insulin secretion. Markers of au-
toimmune destruction have been identified and can be
used for diagnosis or risk assessment.2 Type 1 diabe-
tes is usually present in children and adolescents, al-
though some studies demonstrated 15% to 30% of all
cases being diagnosed after 30 years of age.6 In older
type 1 patients, the b-cell destruction occurs more
slowly than in children, with a less abrupt onset of
symptoms. This demonstrates that the pace and ex-
tent of cellular destruction can occur at a different rate
from patient to patient. The lack of insulin production
in patients with type 1 diabetes makes the use of ex-
ogenous insulin necessary to sustain life, hence the
former name ‘‘insulin-dependent diabetes.’’2 In the
absence of insulin, these patients develop ketoacido-
sis, a life-threatening condition.

Type 2 diabetes, previously called non–insulin-
dependent diabetes, results from insulin resistance,
which alters the use of endogenously produced insulin
at the target cells.1,2 Type 2 patients have altered in-
sulin production as well; however, autoimmune de-
struction of b-cells does not occur as it does in type
1, and patients retain the capacity for some insulin
production. Because the type 2 patient still produces
insulin, the incidence of ketoacidosis is very low com-
pared to type 1; however, ketoacidosis can occur in
association with the stress of another illness such as
infection. Type 2 patients can be undiagnosed for
many years because the hyperglycemia appears
gradually and often without symptoms.7 In many
patients, especially early in the disease process, pan-
creatic insulin production is actually increased to
compensate for insulin resistance. As the condition
progresses, pancreatic insulin production may dimin-
ish over time due to the prolonged increase in secre-
tory demand caused by the insulin resistance.8

Insulin secretion becomes insufficient to compensate
for insulin resistance. Although type 2 patients do not
need insulin treatment to survive, insulin is often
taken as part of the medical management of type 2
diabetes.

Most patients with type 2 diabetes are obese or
have an increased percentage of body fat distributed
predominantly in the abdominal region.1 The normal
body mass index (BMI) is under 25 kg/m2, whereas a
BMI between 25 and 30 kg/m2 is defined as over-
weight, and a BMI of over 30 kg/m2 is defined as
obese. Adipose tissue plays an important role in the
development of insulin resistance.9 Elevated circulat-
ing levels of free fatty acids (FFA) derived from adipo-
cytes contribute to insulin resistance by inhibiting
glucose uptake, glycogen synthesis, and glycolysis
and by increasing hepatic glucose production.10 Insu-
lin resistance often improves with weight reduction
and pharmacological treatment but is generally not
restored to normal.

Gestational diabetes complicates ;4% of all preg-
nancies in the Unites States, but the prevalence can
range from 1% to 14% of pregnancies, depending on
the population studied.11 Gestational diabetes usually
has its onset in the third trimester of pregnancy, and
adequate treatment will reduce perinatal morbidity.
Most women with gestational diabetes return to a nor-
moglycemic state after parturition; however, a history
of gestational diabetes significantly increases the risk
of subsequently developing type 2 diabetes. Under
normal conditions, insulin secretion is increased by
1.5- to 2.5-fold during pregnancy, reflecting a state
of insulin resistance.12 A woman with a limited b-cell
reserve may be incapable of increasing insulin pro-
duction to compensate for her insulin-resistant state,
resulting in hyperglycemia.
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Some individuals have glucose levels that do not
meet the criteria for diabetes but are too high to be
considered normal. Members of this group have a
condition called ‘‘prediabetes,’’ a term which encom-
passes both impaired fasting glucose (IFG) and im-
paired glucose tolerance (IGT).2 These patients are
usually normoglycemic but demonstrate elevated
blood glucose levels under certain conditions. People
whose hyperglycemia is limited to periods of fasting
have impaired fasting glucose, whereas those whose
hyperglycemia occurs after a glucose load have
impaired glucose tolerance. Both impaired fasting
glucose and impaired glucose tolerance are strong
predictors for future development of type 2 diabetes;
furthermore, impaired glucose tolerance is a signifi-
cant predictor of myocardial infarction and stroke.13

DIABETES: DIAGNOSTIC CRITERIA AND
EVALUATION OF GLYCEMIC CONTROL

In 1998, the World Health Organization adopted the
diagnostic parameters for diabetes established by
the American Diabetes Association.14 Currently,
there are three ways to diagnose diabetes.2 Because
a single abnormal laboratory test is not sufficient to
establish a diagnosis, any positive laboratory value
must be confirmed on a different day: 1) symptoms
of diabetes plus casual plasma glucose concentration
‡200 mg/dl (‡11.1 mmol/l). Casual is defined as any
time of day without regard to the time since the last
meal. The classic symptoms of diabetes include poly-
uria, polydipsia, and unexplained weight loss; 2) fast-
ing plasma glucose ‡126 mg/dl (‡7.0 mmol/l).
Fasting is defined as no caloric intake for at least
8 hours; and 3) 2-hour postload glucose ‡200 mg/dl
(‡11.1 mmol/l) during an oral glucose tolerance test.
The test should be performed using a glucose load
containing the equivalent of 75 g anhydrous glucose
dissolved in water.

The normal fasting plasma glucose level is <100
mg/dl (5.6 mmol/l). Impaired fasting glucose is diag-
nosed when the fasting plasma glucose level is ‡100
mg/dl but £125 mg/dl (between 5.6 and 6.9 mmol/l).
Impaired glucose tolerance can only be diagnosed
after an oral glucose tolerance test. A normal 2-hour
postload glucose level is <140 mg/dl (7.8 mmol/l).
Impaired glucose tolerance is diagnosed when the
2-hour postload plasma glucose concentration is
‡140 mg/dl but £199 mg/dl (between 7.8 and 11.1
mmol/l) (Table 1).

In a patient with diagnosed diabetes, the hemoglo-
bin A1c test (HbA1c) is used to monitor the patient’s
overall glycemic control. It is not recommended for di-
agnosis because there is not a gold standard assay for
the HbA1c and because many countries do not have
ready access to the test. Glycohemoglobin is formed
continuously in erythrocytes as the product of a non-

enzymatic reaction between glucose and the hemo-
globin protein, which carries oxygen. The binding of
glucose to hemoglobin is highly stable; therefore, he-
moglobin remains glycated for the life span of the
erythrocyte, ;123 – 23 days.15 The HbA1c test is
used to measure glycohemoglobin levels and pro-
vides an estimate of the average blood glucose level
over the preceding 30- to 90-day period. Higher aver-
age blood glucose levels are reflected in higher HbA1c
values16 (Table 2). The normal HbA1c is <6%2 (Table
3). HbA1c levels correlate well with the development
of diabetic complications and may become estab-
lished as a test for the diagnosis of diabetes at some
time in the future.17

Table 1.

2005 American Diabetes Association
Criteria for the Diagnosis of Diabetes
Mellitus, IGT, and IFG

Normal Diabetes IGT IFG

Fasting plasma
glucose
(mg/dl)

<100 ‡126 100 to 125

Casual plasma
glucose
(mg/dl)

‡200 plus
symptoms
of diabetes

2-hour PG*
(mg/dl)

<140 ‡200 140 to 199

Adapted from reference 2.
* 2-hour postload glucose (PG) using the 2-hour oral glucose tolerance test.

Table 2.

Correlation Between HbA1c Levels and
Mean Plasma Glucose Levels

HbA1c (%) Mean Plasma Glucose (mg/dl)

6 135

7 170

8 205

9 240

10 275

11 310

12 345

The HbA1c test provides an estimate of the average glucose level over the
30 to 90 days preceding the test. It does not account for short-term fluctuations
in plasma glucose levels. Adapted from reference 16.
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In the presence of hyperglycemia, other serum pro-
teins beside hemoglobin are also glycated. Measure-
ment of these glycated proteins can be used as an
alternative to the HbA1c for assessment of glycemic
control over time.2 For example, albumin is a serum
protein with a half-life of 2 to 3 weeks. The fructos-
amine test measures glycated albumin, and this
test reflects glycemic control over a shorter interval
(weeks) than the HbA1c test (months). The fructos-
amine test is sometimes used when an objective
measurement that reflects a shorter period of time is
needed, for example, during pregnancy, initiation of
a new therapy, or a medical illness. It may also be used
in instances when the HbA1c test may not be reliable,
such as when anemia is present. The normal range for
the fructosamine test is between 200 and 300 mmol/l.

EFFECTS OF DIABETES ON
THE PERIODONTIUM

Examination of the available data reveals strong evi-
dence that diabetes is a risk factor for gingivitis and
periodontitis, and the level of glycemic control ap-
pears to be an important determinant in this relation-
ship.18,19 One must use caution in evaluating the
research because studies examined diverse popula-
tions, often lacked controls or had small numbers of
subjects, defined diabetes and glycemic control in
various ways, and used different periodontal parame-
ters to describe the clinical conditions present.

Although some authors have not found a significant
association between diabetes and gingival inflamma-
tion,20 in many studies, the prevalence and severity of
gingivitis has been demonstrated to be higher in indi-
viduals with diabetes. In children with type 1 diabetes,
the prevalence of gingivitis was greater than in non-
diabetic children with similar plaque levels.21 Twice
as many sites had gingival inflammation in children
with diabetes compared to non-diabetic control chil-

dren with similar plaque levels.22 Poor metabolic
control can increase the severity of gingival inflamma-
tion in diabetic children,23 whereas improvement in
glycemic control may be associated with decreased
gingival inflammation.24,25 In adultswith type 1 diabe-
tes, the overall degree of gingival inflammation was
similar between diabetic subjects as a whole and
non-diabetic control subjects with similar plaque
accumulation.26 However, when diabetic patients in
this study were stratified according to their level of gly-
cemic control, significantly greater gingival bleeding
was seen in poorly controlled diabetic patients than
in either well-controlled diabetic subjects or non-
diabetic controls. The number of bleeding sites de-
creased as glycemic control improved.26 Greater
gingival inflammation was also seen in adults with
type 2 diabetes than in non-diabetic controls, with
the highest level of inflammation in subjects with poor
glycemic control.27 A longitudinal experimental gin-
givitis study28 showed more rapid and pronounced
development of gingival inflammation in relatively
well-controlled adult type 1 diabetic subjects than in
non-diabetic controls, despite similar levels of plaque
accumulation and similar bacterial composition of
plaque, suggesting a hyperinflammatory gingival re-
sponse in diabetes. These studies suggest that the
presence of diabetes is often, but not always, associ-
ated with increased gingival inflammation. In addition,
the level of glycemic control may play a role in the
gingival response to bacterial plaque in people with
diabetes.

The preponderance of evidence suggests that dia-
betes also increases the risk of periodontitis. A thor-
ough meta-analysis concluded that the majority of
studies demonstrate a more severe periodontal condi-
tion in diabetic adults than in adults without diabe-
tes.18 These studies included over 3,500 diabetic
adults and clearly demonstrated a significant associ-
ation between periodontitis and diabetes.

Diabetes has been associated with an increased
risk of periodontitis even at a young age. In a group
of 263 type 1 diabetic patients compared to 59 non-
diabetic siblings and 149 non-diabetic unrelated con-
trols, periodontitis was not seen among any of the
subjects under the age of 12.21 However, between
13 and 18 years of age, 13.6% of the diabetic individ-
uals had periodontitis, and the prevalence increased
to 39% among those aged 19 to 32 years. By compar-
ison, the prevalence in non-diabetic control subjects
was <3%.

Epidemiologic studies in diabetic adults have often
shown an increase in extent and severity of periodon-
titis.29-32 In the Pima Indians of Arizona, a population
with the highest occurrence of type 2 diabetes in the
world, the prevalence and severity of attachment loss
and bone loss was greater among diabetic subjects

Table 3.

American Diabetes Association
Recommendations for HbA1c Levels

HbA1c (%) Interpretation

<6 Normal value

<7 Treatment goal for patient with diabetes; diet,
exercise, and/or medications should control
glucose levels well enough to maintain
HbA1c values <7%

>8 Physician intervention in diabetes management
regimen is recommended to improve
glycemic control

Adapted from reference 2.
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than among non-diabetic control subjects in all age
groups.30,31 In a multivariate risk analysis, diabetic
subjects had 2.8- to 3.4-fold increased odds of having
periodontitis compared to non-diabetic subjects after
adjusting for the effects of confounding variables such
as age, gender, and oral hygiene measures. Smaller
cross-sectional and case-control studies generally
confirmed a greater risk of attachment loss and bone
loss in diabetic adults.27,33-37

Longitudinal research has also shown an increased
risk of progressive periodontal destruction in people
with diabetes. In a study of the Pima Indians, the inci-
dence and prevalence of periodontal disease were de-
termined in 2,273 subjects 15 years of age or older.38

The prevalence of periodontitis was 60% in subjects
with diabetes and 36% in those without diabetes.
The incidence was determined in a subset of 701 sub-
jects 15 to 54 years old, with little or no evidence of
periodontitis at baseline. Following these subjects
for an average of over 2.5 years, the incidence of peri-
odontitis was 2.6-fold higher in diabetic subjects than
in non-diabetic patients.38 In another 2-year longitu-
dinal study, subjects with type 2 diabetes had a four-
fold increased risk of progressive alveolar bone loss
compared to non-diabetic subjects.39

The relationship between metabolic control of dia-
betes and periodontal disease is difficult to define con-
clusively.19 Research suggests that this association is
similar to the association between glycemic control
and the classic complications of diabetes such as ret-
inopathy and nephropathy; namely, there is signifi-
cant heterogeneity in the diabetic population. Thus,
although poor control of diabetes clearly increases the
risk of diabetic complications, there are many poorly
controlled diabetic individuals without major compli-
cations.40,41 Conversely, good control of diabetes
greatly decreases the risk of diabetic complications,
but there are people with well-controlled diabetes
who suffer major diabetic complications nonetheless.
In a similar fashion, the body of evidence suggests that
some diabetic patients with poor glycemic control de-
velopextensiveperiodontaldestruction,whereasothers
do not. On the other hand, many well-controlled dia-
betic patients have excellent periodontal health, but
others develop periodontitis.

In a large epidemiologic study in the United States,
adults with poorly controlled diabetes had a 2.9-fold
increased risk of having periodontitis compared to
non-diabeticadult subjects; conversely,well-controlled
diabetic subjects had no significant increase in the risk
of periodontitis.42 In a cross-sectional study of pa-
tients who had type 1 diabetes for a mean duration
of over 16 years, subjects with poor glycemic control
had more interproximal attachment loss and bone
loss than well-controlled subjects.43 Similar results
have been found in other studies in which the percent-

age of deep periodontal pockets and the prevalence of
severe attachment loss increased as the glycemic
control worsened.44,45 Type 1 diabetic subjects with
poor metabolic control over the preceding 2 to 5 years
had a significantly greater prevalence of deep probing
depths and advanced attachment loss than subjects
with good glycemic control.32 Likewise, poorly con-
trolled diabetic subjects had significantly greater bone
loss and attachment loss than well-controlled diabetic
subjects over a 2- to 3-year follow-up period.46,47 In
longitudinal Pima Indian studies, poor glycemic con-
trol of type 2 diabetes was associated with an 11-fold
increased risk of progressive bone loss compared to
non-diabetic controls, whereas well-controlled dia-
betic subjects had no significant increase in risk.39

Thus, metabolic control of diabetes may be an impor-
tant variable in the onset and progression of peri-
odontal disease.

Other studies have given only marginal support to
the relationship between glycemic control and the ex-
tent or severity of periodontitis, whereas some have
shown no relationship. In a study of 118 diabetic sub-
jects and 115 healthy controls, deeper probing depths
and greater gingival inflammation, bleeding on prob-
ing, and attachment loss were seen in those with dia-
betes; however, the level of glycemic control among
the diabetic subjects did not correlate to the periodon-
tal parameters measured.33 Another study found a
trend toward an increasing prevalence of alveolar
bone loss as glycemic control worsened.36 The mean
percentage of sites with >15% bone loss went from
28% in well-controlled type 1 diabetic subjects to
44% in poorly controlled subjects. However, the differ-
ence did not reach statistical significance, perhaps
due to the small size of the study population. Some
studies found no evidence of a relationship between
glycemic control and periodontal status.48,49

MECHANISMS BY WHICH DIABETES MAY
INFLUENCE THE PERIODONTIUM

To validate a relationship between diabetes and peri-
odontal diseases, biologically plausible mechanisms
must be evident to explain the pathobiology of the in-
teractions. A large evidence base is available to de-
scribe these potential mechanisms, many of which
are strikingly similar to those associated with the clas-
sic diabetic complications, including retinopathy,
nephropathy, neuropathy, macrovascular diseases,
and altered wound healing. The strength of the evi-
dence has led some to suggest that periodontitis
should be listed among the ‘‘classic’’ complications
of diabetes.50

Although bacteria are necessary for periodontal
diseases to occur, there are few differences in the sub-
gingival microflora between diabetic and non-diabetic
patients with periodontitis, although some early
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studies reported higher proportions of Capnocyto-
phaga species in those with diabetes.51 Most culture
studies show that the bacterial microflora at periodon-
tally diseased sites in diabetic subjects is similar to the
microflora at similarly diseased sites in non-diabetic
subjects.49,52 Likewise, no significant differences in
the subgingival microflora were seen between type
1 diabetic children and their non-diabetic siblings.20

These studies involved the use of culture techniques
to identify bacteria; it is unknown whether newer iden-
tification techniques will confirm the similarity in
the subgingival bacterial microflora between people
with and without diabetes. However, the apparent
lack of significant differences in potential pathogens
suggests that alterations in the host immunoinflam-
matory response may have a major influence on the
increased prevalence and severity of periodontal de-
struction seen in diabetes.

The function of immune cells, including neutro-
phils, monocytes, and macrophages, is altered in
diabetes.51 Neutrophil adherence, chemotaxis, and
phagocytosis are often impaired, which may inhibit
bacterial killing in the periodontal pocket and signifi-
cantly increase periodontal destruction.53,54 Although
the function of neutrophils is often diminished in dia-
betes, the monocyte/macrophage cell line may ex-
hibit upregulation in response to bacterial antigens.
The hyperresponsivenessofmonocytes/macrophages
results in significantly increased production of proin-
flammatory cytokines and mediators.55-57 Peripheral
blood monocytes from diabetic subjects produce ele-
vated levels of tumor necrosis factor-alpha (TNF-a) in
response to antigens from Porphyromonas gingivalis
compared to monocytes from non-diabetic control
subjects.55 These findings are supported in a diabetic
animal model in which P. gingivalis inoculation pro-
duced a prolonged inflammatory response.56 Inter-
estingly, this prolonged inflammatory response was
found to be independent of the pathogenic compo-
nents of the inoculated organisms and directly
related to TNF stimulation. Because gingival crevicu-
lar fluid is a serum transudate, elevated serum levels
of inflammatory mediators associated with diabetes
are reflected in similarly increased levels of these me-
diators in gingival crevicular fluid.57 The level of in-
flammatory cytokines in the gingival crevicular fluid
is also related to glycemic control of diabetes. In a
study of diabetic subjects with periodontitis, those
with HbA1c levels over 8% had crevicular fluid levels
of interleukin-1 beta (IL-1b) almost twice as high as
subjects with HbA1c levels <8%.58 The net effect of
these host defense alterations in diabetes is an in-
crease in periodontal inflammation, attachment loss,
and bone loss.

The increased levels of periodontal attachment and
bone loss seen in diabetic patients may be associated

with the alterations in connective tissue metabolism
that uncouple the resorptive and formative responses.
Impaired osseous healing and bone turnover in asso-
ciation with hyperglycemia have been demonstrated
in a number of studies.59-63 The effects of a hypergly-
cemic state include inhibition of osteoblastic cell
proliferation and collagen production that result in
reduced bone formation and diminished mechanical
properties of the newly formed bone.64-67 Interest-
ingly, using a murine model, the reduced expression
of two genetic markers of osteoblastic differentiation,
Cbfa1 and Dlx5, found in response to hyperglycemia
were reversed with insulin treatment controlling the
hyperglycemia.66

There is additional evidence emerging that de-
creases in matrix-producing cells critical to main-
taining the periodontium, including fibroblasts and
osteoblasts, occur due to an increased rate of apopto-
sis in a hyperglycemic state in response to P. gingiva-
lis infection.68-70 Together, the diminished levels of
proliferation and differentiation and increased levels
of cell death provide a compelling argument for the
greater propensity of diabetic patients to have more
severe periodontal attachment loss due to inadequa-
cies in the formative aspects of connective tissue
metabolism relative to the degradation and remodel-
ing of tissues of the attachment apparatus.

Increased plasma glucose levels are also reflected
in elevated gingival crevicular fluid glucose levels in
diabetic individuals.71 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 attach-
ment and spreading of these cells that are critical to
wound healing and normal tissue turnover.72

Microvascular changes are a hallmark of many di-
abetic complications.73 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 periodon-
tium.74,75 In individuals with sustained hyperglyce-
mia, proteins become irreversibly glycated to form
advanced glycation end products (AGEs).76 These
stable carbohydrate-containing proteins have multi-
ple effects on cell-to-cell and cell-to-matrix interac-
tions and are commonly thought to be a major link
between the various diabetic complications. The for-
mation of AGEs also occurs in the periodontium, and
higher levels of periodontal AGE accumulation are
found in those with diabetes than in non-diabetic sub-
jects.77 AGEs often form on collagen, increasing col-
lagen cross-linking and resulting in the formation
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of highly stable collagen macromolecules. These
molecules accumulate in tissues due to their resis-
tance to normal enzymatic degradation and tissue
turnover.76 AGE-modified collagen accumulates in
the walls of larger blood vessels, thickening the vessel
wall and narrowing the lumen. In addition, AGE-mod-
ified vascular collagen has an affinity for low-density
lipoprotein (LDL) and causes the accumulation of
LDL in the vessel wall, contributing to atherosclerotic
changes characteristic of macrovascular complica-
tions of diabetes.78 The basement membranes of
endothelial cells also accumulate AGE-modified col-
lagen macromolecules, which can result in increased
basement membrane thickness in the microvascula-
ture, altering normal homeostatic transport across
the membrane.78 This increased basement mem-
brane thickness is seen in the blood vessels of the per-
iodontium in people with diabetes.74 AGE formation is
also associated with increased production of vascular
endothelial growth factor (VEGF), a multifunctional
cytokine that induces neovascularization and plays
a major role in microvascular complications of diabe-
tes.79,80 Elevated VEGF has been detected in serum of
diabetic individuals and in all major tissues affected
by diabetic vasculopathies. A recent study found
elevated VEGF expression in the gingival tissues of
diabetic subjects compared to non-diabetic controls,
again demonstrating the similarities between the
periodontium and other end organs affected by
diabetes.81

AGE-collagen levels have been well correlated with
duration of diabetes, diabetic complications, and gly-
cemiccontrol.82Furthermore, improvedglycemiccon-
trol has been associated with reduced AGE-collagen
formation.83,84 Mechanistically, AGE–bone collagen
may influence cellular, structural, and functional char-
acteristics leading to alterations in bone metabo-
lism.85-87 Altered levels of glycation in bone collagen
appear to affect bone turnover, such that bone forma-
tion is reduced with elevated levels of AGE collagen.88

This effect has been associated with altered osteo-
blastic differentiation and extracellular matrix
production.89,90

The effects of AGE-collagen are not as clear re-
garding bone resorption. Although several studies
documented increased levels of osteoclast numbers,
resorptive markers, and bone resorption,91-93 there
are a number of studies that suggest decreased bone
resorption may occur.94-96 As such, the role of AGEs
on the resorptive aspects of bone metabolism are
likely most relevant to the inflammatory response.

AGEs activate a receptor known as ‘‘receptor for
AGEs’’ (RAGE) found on the surface of smooth mus-
cle cells, endothelial cells, neurons, and monocytes/
macrophages.97 This receptor is found in the peri-
odontium, and a 50% increase in mRNA for RAGE

was identified in the gingival tissues of type 2 diabetic
subjects compared to non-diabetic controls.77,98

Hyperglycemia results in increased RAGE expres-
sion and AGE-RAGE interaction on the endothelium,
causing an increase in vascular permeability and
thrombus formation.73,97 The AGE-RAGE interaction
on monocytes increases cellular oxidant stress and
activates the transcription factor nuclear factor-
kappa B (NF-kB), which alters the phenotype of the
monocyte/macrophage and results in the increased
production of proinflammatory cytokines such as
IL-1b and TNF-a.78,97 This increased production of
proinflammatory cytokines is critical to the chronic in-
flammatory process in the formation of atheromatous
lesions in the larger blood vessels.99 Increased oxi-
dant stress has also been demonstrated in the gingiva
of diabetic subjects in association with an increased
accumulation of AGEs.77 It is this interaction between
the receptor RAGE and AGEs in periodontal tissues
that is thought to explain, in part, the marked eleva-
tion in gingival crevicular fluid levels of IL-1b, TNF-a,
and prostaglandin E2 (PGE2) seen in diabetic
subjects compared to non-diabetic individuals.58

These proinflammatory cytokines contribute to the
pathogenesis of periodontal diseases and probably
play a major role in patients with diabetes, especially
when glycemic control is poor. In diabetic animal
models, blocking the receptor RAGE decreases
TNF-a, IL-6, and matrix metalloproteinase (MMP)
levels in the gingiva, diminishes AGE accumulation
in periodontal tissues, and decreases alveolar bone
loss in response to P. gingivalis.100

Changes in collagen synthesis, maturation, and ho-
meostatic turnover are common in diabetes. These
changes can contribute to the pathogenesis of peri-
odontal diseases and to alterations in wound healing
because collagen is the major structural protein in
the periodontium. Human gingival fibroblasts pro-
duce decreased amounts of collagen and glycosami-
noglycans in high-glucose environments.101 Diabetic
animals exhibit a decreased rate of collagen produc-
tion that can be restored by the administration of insu-
lin to normalize plasma glucose levels.102 In addition
to decreased synthesis, newly formed collagen is sus-
ceptible to degradation by MMPs such as collagenase,
which are elevated in diabetic tissues, including the
periodontium.103,104 In diabetes, a greater proportion
of tissue collagenase is in an active form compared to
non-diabetic individuals, in whom a greater propor-
tion is in latent form.104 In contrast to the effects that
elevated MMPs have on newly synthesized collagen,
existing collagen becomes highly cross-linked in the
presence of AGEs, decreasing its solubility.76 The re-
sult of these changes in collagen metabolism is an
alteration in normal homeostatic collagen turnover
in which recently synthesized collagen is rapidly
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degraded by elevated levels of active MMPs, whereas
highly cross-linked AGE-modified collagen macro-
molecules accumulate in the tissues. This change in
homeostasis may alter wound healing responses to
chronic microbial wounding of the periodontium.

EFFECTS OF PERIODONTAL DISEASES ON
THE DIABETIC STATE

Periodontal diseases can have a significant impact on
the metabolic state in diabetes. The presence of peri-
odontitis increases the risk of worsening of glycemic
control over time. For example, in a 2-year longitudi-
nal trial, diabetic subjects with severe periodontitis at
baseline had a six-fold increased risk of worsening of
glycemic control over time compared to diabetic sub-
jects without periodontitis.105 Periodontitis may also
be associated with an increased risk of other diabetic
complications, as seen in a longitudinal case-control
study in which 82% of diabetic patients with severe
periodontitis experienced the onset of one or more
major cardiovascular, cerebrovascular, or peripheral
vascular events compared to only 21% of diabetic
subjects without periodontitis.106 Because cardiovas-
cular diseases are so widely prevalent in people with
diabetes, a recent longitudinal trial examined the ef-
fect of periodontal disease on overall mortality and
cardiovascular disease–related mortality in more than
600 subjects with type 2 diabetes.107 In subjects with
severe periodontitis, the death rate from ischemic
heart disease was 2.3 times higher than in subjects
with no periodontitis or mild periodontitis, and the
mortality rate from diabetic nephropathy was 8.5
times higher in the severe periodontitis group after ac-
counting for other known risk factors. The overall
mortality rate from cardio-renal disease was 3.5 times
higher in subjects with severe periodontitis.

Intervention trials have been performed to assess
the potential effects of periodontal therapy on glyce-
mic control in people with diabetes. The first such
study, a case series published in 1960, showed that
type 1 diabetic patients with periodontitis had a reduc-
tion in required insulin doses following scaling and
root planing, localized gingivectomy, and selected
tooth extraction combined with systemic procaine
penicillin G and streptomycin.108 In more recent
times, treatment has usually consisted of scaling
and root planing either alone or in combination with
adjunctive systemic tetracycline antibiotics. Tetracy-
clines decrease the production of MMPs such as col-
lagenase and are a logical choice for study because
collagenase production is often elevated in diabetic
patients.109

Several studies of type 1 and type 2 diabetic sub-
jects with severe periodontitis have shown improve-
ments in glycemic control following scaling and root
planing combined with systemic doxycycline ther-

apy.110-112 In these studies, periodontal treatment
was associated with a reduction in HbA1c levels of
;10% between pretreatment baseline values and 2-
to 3-month post-treatment values. Another study in
older, poorly controlled type 2 diabetic subjects who
received scaling and root planing plus adjunctive dox-
ycycline showed a significant improvement in peri-
odontal health but only a non-significant reduction
in HbA1c values.113 Some studies in which patients
received scaling and root planing without adjunctive
systemic antibiotics likewise showed improved peri-
odontal health but no significant change in glycemic
control.114,115 Conversely, other studies showed
significant improvement in glycemic control when
periodontal therapy consisted of scaling and root
planing alone.116,117 One study even showed better
improvement in glycemic control in a diabetic group
treated with scaling and root planing alone compared
to diabetic subjects treated with scaling and root
planing plus systemic amoxicillin/clavulanic acid.118

The effect of periodontal therapy on glycemic con-
trol is often mirrored by changes in clinical parame-
ters of periodontal inflammation. For example, in a
study of well-controlled type 2 diabetic patients with
gingivitis or mild periodontitis, periodontal treatment
was limited to scaling and root planing without sys-
temic antibiotics.117 A control group of diabetic sub-
jects with a similar periodontal status received no
treatment. Three months after therapy, the treated
subjects had a 50% reduction in the prevalence of gin-
gival bleeding, from 55% of sites at baseline to 24% of
sites post-treatment. These same subjects had a sig-
nificant reduction in mean HbA1c from 7.3% to 6.5%.
As expected, the untreated control group had no
change in gingival bleeding 3 months after baseline
(51% of sites at baseline; 52% post-treatment), nor
did they have any improvement in HbA1c (baseline,
7.0%; follow-up, 7.3%). Thus, significant changes in
glycemic control may accompany clinically evident
improvement in gingival inflammation following
periodontal therapy.

These conflicting data are difficult to interpret, es-
pecially given the wide range of medical treatment
regimens used by study populations, which may con-
found changes related to resolution of periodontal in-
flammation.119 In most studies, there is significant
variation in glycemic control changes of individual
subjects after periodontal therapy. For example, re-
sponses can range from major reductions in HbA1c
values of 1 to 2 absolute percentage points or more,
whereas in other subjects receiving the same therapy,
HbA1c values may change little or may even
worsen.116 A recent meta-analysis of 10 intervention
trials included 456 patients.119 After periodontal ther-
apy, the weighted average decrease in absolute
HbA1c values was ;0.4%, but this was not found to
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be statistically significant. The addition of adjunctive
systemic antibiotics to the mechanical therapy regi-
men resulted in an average absolute reduction of
0.7%. Again, this reduction did not achieve a level
of statistical significance. The authors of this meta-
analysis pointed out numerous problems with existing
studies including inadequate sample sizes, mixing of
subjects with type 1 and type 2 diabetes, and con-
founding effects of smoking, body mass index, and
medications, among others. Further studies are re-
quired to determine whether periodontal therapy pro-
vides a significant benefit on glycemic control.

MECHANISMS BY WHICH PERIODONTAL
DISEASES MAY INFLUENCE DIABETES

Periodontal diseases may induce or perpetuate an
elevated systemic chronic inflammatory state.120

Acute bacterial and viral infections are known to in-
crease insulin resistance in people without diabetes,
a condition which often persists for weeks to months
after clinical recovery from the illness.121,122 Such ill-
nesses and resultant increases in insulin resistance in
people with diabetes greatly aggravate glycemic con-
trol. Chronic Gram-negative periodontal infections
may also result in increased insulin resistance and
poor glycemic control.123 Treatment that reduces
periodontal inflammation may restore insulin sensi-
tivity, resulting in improved metabolic control. The
previously discussed intervention studies that showed
improved glycemic control following periodontal
therapy support such a hypothesis.

Studies suggest that periodontitis patients, particu-
larly those colonized by Gram-negative organisms
such as P. gingivalis, Tannerella forsythensis, and Pre-
votella intermedia, have significantly higher serum
markers of inflammation such as C-reactive protein
(CRP), IL-6, and fibrinogen than subjects without peri-
odontitis.124-126 Systemic dissemination of these
organisms or their products may induce a bacteremia
or endotoxemia, inducing an elevated inflammatory
state and stimulating increased levels of serum in-
flammatory markers. In one study, the simple act
of chewing caused systemic endotoxemia in 40% of
subjects with periodontitis compared to only 12% of
periodontally healthy subjects; additionally, the con-
centration of endotoxin in the bloodstream was five-
fold higher in those with periodontitis.127 Periodontal
treatment not only reduces clinically evident inflam-
mation, but may also result in decreased serum levels
of IL-6 and CRP.128 This evidence suggests that peri-
odontal diseases have systemic effects that extend
beyond the local periodontal environment.

The potential impact of elevated systemic proin-
flammatory mediators in subjects with diabetes is
tremendous. Systemic inflammation is significantly
elevated in the presence of obesity, insulin resistance,

hyperglycemia, and diabetes.1 High serum levels
of the acute-phase reactants CRP and fibrinogen
are seen in people with insulin resistance and obe-
sity.9,129 Insulin resistance and obesity are recognized
as chronic inflammatory states and share many of
the pathophysiologic features of atherosclerosis.9,99

Obesity, atherosclerosis, and insulin resistance are
strongly linked to the actions of the proinflammatory
cytokines IL-6 and TNF-a and their resultant stimula-
tion of acute phase reactant production in the liver.130

The hallmark of type 2 diabetes is an increase in insu-
lin resistance, which is also strongly linked to obesity.7

Obesity alters the normal metabolic and endocrine
function of adipose tissue, resulting in increased pro-
duction of fatty acids, hormones, cytokines, and acute
phase reactants.131 Adipose tissue has a major endo-
crine function, producing a wide array of hormones
commonly called ‘‘adipokines.’’132 Changes in body-
fat content result in alterations of adipokine produc-
tion and function. These hormones, including leptin,
resistin, and adiponectin, among others, participate
in regulation of appetite, energy use, insulin sensitiv-
ity, blood pressure, angiogenesis, and immune func-
tion.132 An increased body mass index is associated
with an increase in the number and size of adipocytes,
which are cells with high metabolic activity that pro-
duce large quantities of TNF-a and IL-6. In fact, adi-
pose tissue produces about one-third of the total
circulating serum level of IL-6.133 Although the exact
physiologic pathways have not been fully delineated,
obesity may increase insulin resistance by causing el-
evated production of TNF-a and IL-6 and decreased
production of adiponectin.9,134 TNF-a can induce in-
sulin resistance at the receptor level by preventing
autophosphorylation of the insulin receptor and sup-
pressing second messenger signaling through the in-
hibition of the enzyme tyrosine kinase.131 Infusion of
TNF-a in healthy humans directly induces insulin
resistance in skeletal muscle and reduces glucose up-
take and use.135 Blocking TNF-a with pharmacologic
agents has been shown to reduce serum insulin levels
and improve insulin sensitivity in some subjects136

but not in others.137 Adiponectin antagonizes many
of the effects of TNF-a and improves insulin sensitiv-
ity.138 As body mass increases, adiponectin produc-
tion decreases; thus, obesity results in elevated TNF-a

levels and decreased adiponectic levels, both of which
result in insulin resistance.138 IL-6 stimulates TNF-a

production; therefore, increased production of IL-6
from adipocytes in obese individuals causes elevated
TNF-a production, which may further exacerbate in-
sulin resistance. The increased production of TNF-a

and IL-6 also stimulates greater hepatic CRP produc-
tion, which may also increase insulin resistance.9,139

Multiple mechanisms are involved in regulation
of insulin sensitivity and resistance, including

J Periodontol • August 2006 Mealey, Oates

1297



adipokines,genetic factors,environmentalstresses,and
inflammatory mediators. As an inflammatory condi-
tion, periodontal diseases may also play a role in this
process. Elevated circulating levels of several proin-
flammatory cytokines have been found in individuals
with periodontitis.124-126 Obesity has been associated
with an increased risk of periodontal disease.140-142

Compared to subjects with a BMI £20 kg/m2, the risk
of periodontitis increased three-fold in Japanese sub-
jects with a BMI between 25 and 30 kg/m2 and over
eight-fold in subjects with a BMI ‡30 kg/m.2 The rela-
tionship between obesity and periodontitis may be
mediated by insulin resistance.140 A recent examina-
tion of Third National Health and Nutrition Exam-
ination Survey (NHANES III) data for non-diabetic
subjects revealed a positive association between BMI
and clinical attachment loss.140 Interestingly, over-
weight individuals (BMI ‡27) with elevated insulin re-
sistance had a significant odds ratio of 1.48 for severe
periodontal disease compared to overweight individ-
uals without insulin resistance. Subjects in the highest
quartile of body mass (BMI ‡30.8 kg/m2) also showed
significantly elevated serum levels of TNF-a and
soluble TNF-a receptors compared to those in the low-
est quartile of body mass, with a BMI <24.6 kg/m.2

These data suggest that increased BMI is associated
with both systemic inflammation and periodontal
disease.

In addition to the elevated systemic inflammatory
state associated with obesity and insulin resistance,
people with diabetes often have a shift in monocyte/
macrophage phenotype, which results in the overpro-
duction of these same inflammatory cytokines in
response to periodontal pathogens.55 Diabetic pa-
tients who also have periodontitis may present with
an even greater systemic inflammatory condition with
elevated serum levels of IL-6, TNF-a, and CRP, which
can worsen insulin resistance and thereby aggravate
glycemic control. This could explain why periodontitis
increases the risk of poor glycemic control in pa-
tients with type 2 diabetes.105 It may also explain
why improvement in glycemic control has followed
periodontal therapy in some studies of diabetic
subjects.110-112,116,117 In a small study of 13 type 2
diabetic subjects with periodontitis, periodontal treat-
ment consisting of mechanical debridement and local
delivery of minocycline resulted in a significant reduc-
tion in serum TNF-a levels that was accompanied by a
significant reduction in mean HbA1c levels from 8.0%
to 7.1%.143 Reductions in HbA1c values were strongly
correlated with the reductions in serum TNF-a levels
across the patient population. Thus, periodontal treat-
ment may reduce inflammation locally and also de-
crease serum levels of the inflammatory mediators
that cause insulin resistance, thereby positively af-
fecting glycemic control.

EFFECTS OF DIABETES ON THE RESPONSE
TO PERIODONTAL THERAPY

Only limited evidence is available to evaluate the
comparative response to periodontal therapy in dia-
betic and non-diabetic patients with periodontitis. In
well-controlled diabetic subjects, the clinical and
microbiologic response toscalingand rootplaningap-
pears similar to that in non-diabetic individuals.115,144

Although many diabetic patients show improvement
in clinical parameters of disease immediately after
therapy, patients with poorer glycemic control may
have a more rapid recurrence of deep pockets and a
less favorable long-term response.145 In one longitu-
dinal study, 20 diabetic and 20 non-diabetic subjects
received scaling and root planing, modified Widman
flap surgery at sites with residual probing depths ‡5
mm, and regular maintenance therapy.146 Five years
after the baseline examination, diabetic and non-
diabetic subjects had a similar percentage of sites
demonstrating gain, loss, or no change in clinical at-
tachment. The HbA1c values revealed that most of the
diabetic subjects in this study were well controlled or
moderately controlled at baseline.146 Further longitu-
dinal studies of various periodontal treatment modal-
ities are needed to determine the healing response in
individuals with diabetes compared to individuals
without diabetes.

CONCLUSIONS

Periodontal diseases and diabetes mellitus are closely
associated and are highly prevalent chronic diseases
with many similarities in pathobiology. Related ante-
cedent conditions including obesity and insulin resis-
tance may play an important role in this relationship.
Inflammation is a critical player in the association, and
its importance is just now coming to light. Diabetes
clearly increases the risk of periodontal diseases,
and biologically plausible mechanisms have been
demonstrated in abundance. Less clear is the impact
of periodontal diseases on glycemic control of diabe-
tes and the mechanisms through which this occurs. It
is possible that periodontal diseases may serve as ini-
tiators or propagators of insulin resistance in a way
similar to obesity, thereby aggravating glycemic con-
trol. Further research is needed to clarify this aspect
of the relationship between periodontal diseases and
diabetes.
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