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he pathogenesis of periodontal disease is com-
plex because it reflects a combination of the
initiation and maintenance of the chronic
inflammatory process by a diverse microbial
flora and its numerous bacterial products.
The subsequent host response to this infection mediates
a complex cascade of tissue-destructive pathways.!
Additional factors contributing to this

"""""""""""""""""" multifaceted local disease process in the

The majority oral cavity include a number of systemic
of evidence diseases, especially diabetes, that can
demonstrates €xaggerate the host response to the local
microbial factors (for example, endo-
toxin), resulting in unusually destructive
periodontal breakdown (Figure). Mecha-

and severity of ;5 underlying this interaction are

periodontal emerging, despite methodological prob-

disease in lems and faulty experimental design of
people with research conducted in this area.?® In fact,
aggressive periodontitis is recognized as
the sixth complication of diabetes
according to Loe,* who concluded that
multiple epidemiologic studies have
demonstrated that both type 1 and type 2 diabetes are
predictors of periodontal disease when the systemic con-
dition is poorly controlled. This article focuses on the
role of diabetes as a significant contributing factor for
periodontal disease.

diabetes
mellitus.

PERIODONTAL DISEASES IN PEOPLE WITH
DIABETES MELLITUS

Gingivitis. People with type 1 diabetes® are at greater
risk of developing gingivitis. Both children and adults
with poor metabolic control show a tendency toward
higher gingivitis scores.5® The prevalence of gingivitis
in children and adolescents is nearly twice that
observed in populations of children and adolescents
without diabetes.? Studies indicate that the severity
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Background. The authors conducted a sys-
tematic review of the litera-
ture to assess the relation-
ship between diabetes
mellitus and periodontitis.
Types of Studies
Reviewed. The authors
conducted searches to iden- <« &
tify published human epidemi- TIcL®
ologic studies; cross-

sectional observations; and longitudinal,
cohort, case-control and other studies that
describe variables associated with diabetes
and periodontal disease. Some animal studies
are reported to support human findings and
explore mechanisms of action.

Results. The majority of evidence demon-
strates an increase in the prevalence and
severity of periodontal disease in people with
diabetes mellitus. Interpretation of published
results is complicated by a number of factors:
small sample sizes; the absence of standard
reporting of the type of diabetes; the presence
of diabetes complications; the lack of longitu-
dinal studies and control groups; and inade-
quate control of covariates such as age, dura-
tion of diabetes and level of control of
diabetes.

Clinical Implications. Mechanisms
underlying the accelerated periodontal dis-
ease associated with diabetes appear to reflect
primarily abnormal host responses, rather
than microbial shifts, resulting from diabetes.
A better understanding of the mechanisms
involved in the more aggressive periodontitis
seen in patients with diabetes enables the
practitioner to consider different therapeutic
options for this growing patient population.

and extent of gingivitis are significantly
increased in young patients with dia-
betes.*!® The association of diabetes
with gingivitis in children and adoles-
cents is so widely accepted that diabetes
mellitus—associated gingivitis is
included as a specific entity in the most
recent classification of periodontal dis-
eases.'*?® In adults with type 2 diabetes,
gingival inflammation may occur at
higher rates than those in adults

Copyright ©2003 American Dental Association. All rights reserved.



without diabetes. Nearly 64
percent of patients with dia-
betes may have gingival
inflammation compared with
50 percent of subjects without

Risk and Rate of Progression Are Altered by Diabetes

Pockets
and

diabetes.'¢
It appears that the degree of
metabolic control of diabetes is
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correlated positively with the
degree of gingival bleeding?®
and the severity of gingival
inflammation®® in adults with
type 2 and children with type 1
diabetes, respectively. The cor-
relation between serum fructosamine levels and
gingival inflammation in children recently was
reported to be maintained into the adolescent
years.?’ Values of glycosylated hemoglobin, or
HbA, (reflecting blood glucose concentrations
averaged over the previous six to eight weeks?!),
exceeding 10 percent (normal values are 4 to 6
percent) appear to particularly predispose chil-
dren and adolescents to gingivitis.1%?2 Notably,
the presence of gingivitis in subjects with diabetes
is not related to higher levels of plaque accumula-
tion because the plaque index is not significantly
increased in subjects with diabetes.??* The clinical
correlate to all of these findings is that normal-
izing glycemic levels may significantly reduce the
severity and extent of gingivitis in patients with
diabetes.?

Periodontitis. Unlike gingivitis, periodontitis
is uncommon in children younger than 12 years,
even among those with diabetes. In adolescence,
periodontitis does occur, but the extent of attach-
ment loss is usually minimal.’ The prevalence of
periodontal disease in juveniles with type 1 dia-
betes has been reported to be 9.8 percent, com-
pared with 1.7 percent in those without dia-
betes.!! A study in Finland did not report this
rapid periodontal destruction in adolescents.?
The discrepancies between these two patient pop-
ulations may be related to different levels of
metabolic/glycemic control and other factors, such
as different gene pools, which appear to have a
strong relationship with rapid periodontal
breakdown.*

Figure. Simplified schematic depicting etiologic factors and cascade of events
contributing to periodontitis that are altered by diabetes. IL-13: Interleukin-1
beta. IL-6: Interleukin-6. TNF-o: Tumor necrosis factor-alpha. MIVIPs: Matrix
metalloproteinases. CAL: Clinical attachment loss.

The duration of diabetes appears to be an
important factor in the evaluation of diabetes as a
risk factor for periodontal disease. Patients who
have had type 1 diabetes for more than 10 years
lost more periodontal attachment than did those
who have had type 1 diabetes for less than 10
years, particularly in patients aged 35 years and
older.” Moreover, patients aged 40 to 50 years
with type 1 diabetes of long duration exhibited
significantly more sites with advanced periodon-
titis and bone loss than did age-matched controls
without diabetes.?® It also has been demon-
strated® and confirmed? that patients with type 1
diabetes with other complications of diabetes (for
example, retinopathy and nephropathy) have sig-
nificantly greater losses of periodontal attach-
ment than do those without these complications.
Other studies demonstrated that those patients
with type 1 diabetes with periodontitis had a
higher prevalence of ketoacidosis, retinopathy
and neuropathy.?” These studies strongly suggest
that with increasing diabetes-related complica-
tions, patients are more likely to develop addi-
tional long-term complications.

Poor metabolic control appears to increase the
likelihood of periodontitis among people with type
1 diabetes. More than one-quarter of subjects
with type 1 diabetes with poor metabolic control
had sites with attachment loss of 5 millimeters or
greater, compared with 10 percent of the subjects
with good metabolic control.?® Subjects with
poorly controlled diabetes had attachment loss of
2 mm or greater at an average of 24 percent of
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sites, while patients with good-to-moderate dia-
betes control had similar levels of attachment loss
at only 10 percent of sites.? The percentage of
sites with attachment loss of 2 mm or greater in
subjects without diabetes was similar to the per-
centage of sites in patients with well-controlled
diabetes, suggesting that patients with well-
controlled diabetes may not be at an increased
risk of developing periodontal diseases. Metabolic
control of type 2 diabetes is equally as important,
based on data from the Third National Health and
Nutrition Examination Survey, or NHANES III,
which reported that the odds of having severe
periodontal disease in patients with fair-to-good
(HbA;. < 9 percent) or poor (HbA;. > 9 percent)
glycemic control were approximately 50 percent or
200 percent higher than the odds among subjects
without diabetes, respectively.®® These findings
suggest a dose-response relationship between peri-
odontal disease risk and glycemic control.*

Most of the studies on periodontal disease in
patients with type 2 diabetes have been conducted
on the Pima Indians from the Gila River Indian
Community in Arizona. With 50 percent of its pop-
ulation older than 35 years of age having type 2
diabetes, the Pima Indians have the highest
recorded prevalence of type 2 diabetes in the
world.?! Tooth loss in Pima Indians with type 2
diabetes, as reported in 1990, was 15 times higher
than that in those without diabetes.?? In general,
diabetes increases the risk of developing periodon-
titis in the Pima Indian population by about three-
fold.* More specifically, there was a twofold
greater risk of severe periodontitis in patients
with poor glycemic control. Increasing duration of
diabetes and the presence of retinopathy also
imparted a significantly greater risk of developing
periodontal disease.? In this population, periodon-
titis occurred early in life, increased with age and
was responsible for most tooth loss.

In a study of periodontal disease in a Mexican
population of people with type 2 diabetes,
researchers concluded that the number of years
since diagnosis of diabetes was a more significant
factor than the age of the person when considering
the severity of periodontal disease.** Comparable
results in patients with type 2 diabetes were
reported in other studies from disparate geo-
graphic regions.'6%%%-%7 The incidence of peri-
odontal disease increased by nearly threefold in
patients with type 2 diabetes compared with sub-
jects without diabetes. The odds ratio, or OR, for
periodontal disease among subjects with type 2
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diabetes ranges from 2 to 4.3°33373 Taylor and col-
leagues® reported that 67 percent of patients with
type 2 diabetes had significant radiographic bone
loss compared with 44 percent of subjects without
diabetes, and that subjects with diabetes lost more
bone than did subjects without diabetes over a
two-year period. These findings suggest that peri-
odontal disease in patients with diabetes may
progress faster.*

It also is known that risk factors for periodontal
disease can be cumulative. For example, the ORs
for periodontal disease in subjects who smoke
have ranged from 2 to 7, although higher values
have been reported.’5*° Patients with diabetes who
are smokers may be at even greater risk of devel-
oping periodontal disease compared with non-
smoking patients with diabetes.*>* An OR for
severe periodontal disease in patients who smoke
and had better-controlled diabetes
(HbA,. < 9 percent) was 2.3, while patients who
smoke and had poorly controlled diabetes
(HbA,.> 9 percent) had an OR of 4.6, suggesting a
combined effect of smoking and glycemic control
on developing periodontal disease.** Other sub-
groups of people with diabetes also are at higher
risk of developing periodontitis (Box): those with
poor oral hygiene, those with a long history of
diabetes, those with other complications of the dis-
ease, those with a history of poorly controlled dia-
betes, teenagers and pregnant women.?

PERIODONTALLY RELEVANT
HOST-RESPONSE ABNORMALITIES

Systemic diseases or disease processes that
adversely affect host defense systems act as risk
factors for gingivitis and periodontitis. Several
altered host responses are associated with
increased incidence and severity of periodontitis in
diabetics.

Several studies have focused on the role of peri-
odontal infection,? and the microflora of dental
plaque in people with diabetes,*? but these have
not been conclusive. Thus, it is unclear if an
altered microflora contributes to the greater inci-
dence and severity of periodontal infection and
destruction in subjects with diabetes. Increased
calculus formation, reported in patients with dia-
betes, may be due to an increased concentration of
serum calcium in both parotid and submandibular
saliva of subjects with type 1 diabetes.*® The gin-
gival crevicular fluid, or GCF, of patients with dia-
betes may exhibit glucose levels twice those of
other patients,* and urea concentrations also may
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be increased.® These changes, as well as basement
membrane thickening and glycosylation of
hemoglobin should promote a unique environ-
ment, resulting in shifts of the microbial flora.
However, studies have reported essentially no dif-
ferences between people with or without dia-
betes,*>%® suggesting that alterations in the host
response to existing periodontal pathogens may be
primarily responsible for the more aggressive peri-
odontal destruction observed in patients with
diabetes.

Vascular abnormalities. Early studies of the
pathogenesis of periodontal disease in those with
diabetes mellitus focused on basement membrane
thickening and possible changes in the vascula-
ture.*”*® These studies showed that degenerative
vascular changes seen in other tissues and/or
organs in patients with diabetes* also occurred in
the gingival tissues. It was postulated that vas-
cular changes interfere with both the delivery of
nutrients and the migration of leukocytes to the
gingival tissues, resulting in decreased oxygen dif-
fusion and elimination of metabolic waste, con-
tributing to an increased severity of periodontitis
and decreased wound healing capacity.*"* These
vascular changes worsen with poor metabolic con-
trol and longer duration of the disease.”

Nonenzymatic glycosylation. A consequence
of hyperglycemia in diabetes is the alteration of
circulating and immobilized proteins. When pro-
teins such as collagen, or lipids, are exposed to
aldose sugars, they undergo nonenzymatic glyca-
tion®? and oxidation.?® Initially, reversible alter-
ations of the proteins exposed to sugars are seen,
and, eventually, complex molecular rearrange-
ments may occur, resulting in the irreversible for-
mation of altered proteins known as advanced gly-
cation end products, or AGEs. Glucose-derived
cross-links can contribute to reduced collagen sol-
ubility and turnover rate in humans with dia-
betes.* Decreased solubility of gingival collagen in
people with diabetes can be returned to near-
normal levels by insulin treatment,®* presumably
reflecting a reduction in glucose-derived cross-
linking.®® In addition, glycosylation of existing col-
lagen at wound margins results in reduced solu-
bility and delayed remodeling of the wound site.*
Patients with diabetes have elevated levels of
AGEs in their gingival tissues® that may be asso-
ciated with a state of enhanced oxidant stress, a
potential mechanism for accelerated tissue injury.
Elevated levels of both AGEs and cross-links
between collagen molecules in palatal biopsy spec-

BOX

IMPORTANT FACTORS TO CONSIDER IN
ASSESSING THE PERIODONTAL STATUS
OF PATIENTS WITH DIABETES.

== Degree of Metabolic Control

= Duration of Disease

== Presence of Other Long-Term Complications
(Retinopathy, angiopathy, nephropathy, neuropathy,
delayed wound healing)

== Concurrent Risk Factors
(Plaque, smoking, stress, medications, hormonal
variations [adolescence, pregnancy, menopause])

imens of patients with type 1 diabetes have been
correlated with HbA, levels.??

AGEs act on target cells via their recognition of
cell-surface polypeptide receptors. The best char-
acterized binding site for AGEs is a member of the
immunoglobulin superfamily now called the
receptor for AGE, or RAGE.®! AGEs can interact
with RAGEs on cells, such as macrophages, stimu-
lating the production of enzymes (for example,
matrix metalloproteinases, or MMPs), adhesion
molecules,®? cytokines (for example, tumor
necrosis factor-alpha, or TNF-q; interleukin-1
beta, or IL-1p%; and interleukin-6, or IL-6),% as
well as other mediators. This is of great interest
because these mediators have been detected in the
GCF of patients with poorly controlled diabetes.
The overproduction of these products in response
to the ligand-receptor interactions could help
mediate and/or be in addition to alterations in col-
lagen metabolism. AGE-modified proteins also are
chemotactic for human monocytes.®® This could
magnify the inflammatory response, delaying
wound repair and inducing connective-tissue
damage and bone resorption.

Abnormalities of bone metabolism such as
osteopenia and delayed fracture healing have been
demonstrated in patients with diabetes.®>%¢
Because type I collagen makes up 90 percent of
the bone matrix, it is possible that glycosylation of
this collagen could affect osteoblast and osteoclast
cell function and contribute to the development of
diabetes-associated osteopenia.

Imbalances in lipid metabolism. Diabetes
complications that have been attributed primarily
to hyperglycemia may be caused by an imbalance in
lipid metabolism characterized by increased serum
levels of low-density lipoproteins, or LDL, triglyc-
erides and fatty acids. Several researchers® "
correlated modifications in lipid metabolism with
impaired function of monocytes and/or
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macrophages in successive in vitro and in vivo
studies. Monocyte-derived macrophages exposed to
serum lipids following endotoxin stimulation
exhibit suppression in growth factor production,
expressing an inflammatory phenotype rather than
a reparative or proliferative one. Several studies
illustrate that hypertriglyceridemia induces an
increased production of proinflammatory cytokines
(TNF-a and IL-1B) by monocytes. In addition, neu-
trophils exposed to triglycerides produce more IL-
1B and have altered chemotactic and phagocytic
properties. Increased levels of pro-inflammatory
cytokines have been observed not only in serum but
also in GCF of hyperlipidemic subjects with type 2
diabetes. This disequilibrium between increased
amounts of cytokines and reduced levels of growth
factors with protective function may hinder repair
ability and facilitate tissue breakdown.%

Altered collagen metabolism. Accordingly,
investigators have focused their efforts on various
aspects of the host response in subjects with dia-
betes, including collagen metabolism, and have
suggested new host modulatory approaches to
address the altered host response.’”™ Several oral
and extraoral diabetes-induced collagen abnormal-
ities have been identified, including a large reduc-
tion in collagen synthesis and solubility in gingiva,
skin and bone, and an even more profound
increase in the urinary excretion of hydroxy-
proline, an amino acid marker of collagen and its
breakdown fragments. These findings suggest that
the disease increases the degradation of newly
synthesized collagen in various connective tissues
throughout the body.™

Altered collagen metabolism may predispose
people with diabetes not only to periodontal dis-
ease but also to other abnormalities of connective
tissues, such as impaired wound healing. Eleva-
tions in GCF collagenase activity®” and decreases
in gingival fibroblast collagen synthesis™ in
patients with diabetes have been observed. The
cellular source of the increased collagenase
activity in the GCF of patients with type 1 dia-
betes was reported to be the neutrophil.” How-
ever, the fibroblasts may contribute to the excess
collagenase; recent studies indicate that under the
appropriate circumstances, fibroblasts (and other
cells such as chondroblasts) can be induced to
secrete a neutrophil-type of collagenase (that is,
MMP-8).7

Neutrophil dysfunction. Polymorphonuclear
leukocyte, or PMN, functions, such as chemotaxis
and phagocytosis, have been shown to be
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decreased in patients with diabetes with peri-
odontal disease.”™ In addition, there is a strong
correlation between PMN dysfunction and the
severity of periodontal disease.”™ Reports of a
genetic predisposition in subjects with diabetes to
the development of periodontal disease® may be
related to this reported PMN dysfunction. To sup-
port this hypothesis, a study has demonstrated
that a diabetic patient’s siblings who do not have
diabetes also have depressed PMN function.®
However, this study and other studies have
observed a decrease in PMN chemotaxis in
patients with poorly controlled diabetes, and the
severity of this PMN defect was correlated to the
degree of glycemic control. In this regard,
increased glucose levels found in the GCF of
patients with poorly controlled diabetes may con-
tribute to the suppression of PMN function.®?
Defects other than PMN chemotaxis® and reduced
phagocytosis”™ have been demonstrated in patients
with diabetes mellitus, including impaired intra-
cellular killing and impaired adherence.?* These
defects in the body’s immune system may predis-
pose people with diabetes to periodontal disease.

Altered monocytic response. Elevated levels
of chemical mediators of inflammation known as
prostanoids (prostaglandin E,, or PGE;) have been
detected in the blood of patients with type 1 dia-
betes.? In addition, GCF-PGE, levels are substan-
tially higher in patients with diabetes.% Further-
more, the GCF-PGE; levels at clinically healthy
sites (that is, probing depths of 0-3 mm, no inflam-
mation) of patients with diabetes are higher than
the levels seen in similar sites in healthy patients
who have a more prevalent form of periodontitis.®’
The significance of these elevated GCF-PGE,
levels in patients with diabetes needs further eval-
uation by longitudinal studies to determine
whether this abnormality predicts future unusu-
ally aggressive periodontal breakdown. It appears
that increased local GCF-PGE, responses
observed in patients with diabetes are coincident
with an upregulated monocytic phenotype.® Thus,
even low levels of endotoxin challenge within the
periodontal pocket seem to induce high levels of
PGE, secretion at these sites. In addition,
adherent monocytes obtained from blood samples
of patients with type 1 diabetes maintained in cul-
ture, when stimulated with bacterial endotoxin,
secrete higher levels of PGE; in a dose-dependent
manner, as compared with monocytes isolated
from subjects without diabetes who have either
healthy gingiva or adult periodontitis.®®
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These clinical and basic science data have led to
the proposition that therapies should include a
systemic host-modulatory approach in addition to
traditional techniques. This approach is in sharp
contrast to approaches designed only to remove
periodontal pathogens and address only the sites
that are deemed to be active by rather crude diag-
nostic techniques, such as bleeding upon probing.

CONCLUSION

Diabetes is a complex disease characterized by
numerous variables that can influence the devel-
opment of complications, including periodontitis.
Although the exact mechanisms of action are not
fully understood, poor metabolic control, as well as
extended duration of the hyperglycemic state, are
risk factors for periodontitis and altered host func-
tion. Most likely, a combination of many factors
ultimately leads to the increased prevalence and
severity of periodontitis in patients with diabetes.
These factors may act individually in an additive
fashion or synergistically to contribute to peri-
odontal disease. Continued scientific exploration is
required to determine which factors should be the
primary target for the treatment of periodontitis,
as well as other complications, in this patient
population. «
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