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Abstract
Background: Diabetes and periodontitis are complex chronic diseases with an
established bidirectional relationship. There is long-established evidence that
hyperglycaemia in diabetes is associated with adverse periodontal outcomes. How-
ever, given the ubiquity of periodontal diseases and the emerging global diabetes
epidemic, the complications of which contribute to significant morbidity and pre-
mature mortality, it is timely to review the role of periodontitis in diabetes.
Aims: To report the epidemiological evidence from cross-sectional, prospective and
intervention studies for the impact of periodontal disease on diabetes incidence,
control and complications and to identify potential underpinning mechanisms.
Epidemiology: Over the last 20 years, consistent and robust evidence has emerged
that severe periodontitis adversely affects glycaemic control in diabetes and glycaemia
in non-diabetes subjects. In diabetes patients, there is a direct and dose-dependent rela-
tionship between periodontitis severity and diabetes complications. Emerging evidence
supports an increased risk for diabetes onset in patients with severe periodontitis.
Biological mechanisms: Type 2 diabetes is preceded by systemic inflammation,
leading to reduced pancreatic b-cell function, apoptosis and insulin resistance.
Increasing evidence supports elevated systemic inflammation (acute-phase and oxi-
dative stress biomarkers) resulting from the entry of periodontal organisms and
their virulence factors into the circulation, providing biological plausibility for the
effects of periodontitis on diabetes. AGE (Advanced Glycation Endproducts)–
RAGE (Receptor for AGEs) interactions and oxidative-stress-mediated pathways
provide plausible mechanistic links in the diabetes to periodontitis direction.
Interventions: Randomized controlled trials (RCTs) consistently demonstrate that
mechanical periodontal therapy associates with approximately a 0.4% reduction in
HbA1C at 3 months, a clinical impact equivalent to adding a second drug to a phar-
macological regime for diabetes. RCTs are needed with larger numbers of subjects
and longer term follow-up, and if results are substantiated, adjunctive periodontal
therapies subsequently need to be evaluated. There is no current evidence to support
adjunctive use of antimicrobials for periodontal management of diabetes patients.
Guidelines: Given the current evidence, it is timely to provide guidelines for peri-
odontal care in diabetes patients for medical and dental professionals and recom-
mendations for patients/the public.
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Diabetes and Periodontitis

Diabetes mellitus is emerging as a
global epidemic, whose complica-
tions impact significantly on quality
of life, longevity and healthcare
costs. It is estimated that 346 million
people currently suffer from diabetes
worldwide and the World Health
Organization (WHO) predicts that
this will increase to 439 million,
almost 10% of adults, by 2030
(WHO 2011). The escalating human
and economic burden across both
the developed and developing world
necessitates a multidisciplinary
approach, including adjunctive mea-
sures to managing diabetes and its
complications. The onset of diabetes
is preceded by inflammation, which
leads to pancreatic beta-cell dysfunc-
tion and apoptosis, as well as
impacting on the development of
insulin resistance and ultimately dia-
betes. It is logical that comorbidities
that contribute to systemic inflam-
mation are likely to increase the risk
of developing diabetes, and impact
on diabetes control and the develop-
ment of diabetes complications, ulti-

mately affecting diabetes-associated
morbidity and mortality.

Inflammatory periodontal dis-
eases are the most common chronic
inflammatory conditions of humans
worldwide. The destructive form of
periodontal disease, periodontitis,
affects approximately 50% of adults
and over 60% of over 65 year olds,
with severe periodontitis impacting
10–15% of populations. Periodontal
disease is a microbially initiated
chronic inflammatory disease, in
which dysregulated immune-inflam-
matory processes are responsible for
the majority of host tissue destruc-
tion, and ultimately tooth loss.
There is increasing evidence that sys-
temic inflammation results from the
entry of oral microbial agents and
their virulence factors into the circu-
lation. This is evidenced by elevated
serum levels of C-reactive protein
and other acute-phase reactants and
raised biomarkers of oxidative stress.
It is therefore biologically plausible
that non-resolving chronic inflamma-
tion derived from periodontal dis-
ease impacts on diabetes control
(elevated HbA1C) and complica-
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tions, as well as beta-cell function,
insulin resistance and development
of type 2 diabetes.

It is well established that hyper-
glycaemia affects periodontal out-
comes. A body of evidence,
predominantly over the last 15–
20 years supports significant indepen-
dent associations between periodontal
inflammation and glycaemic sta-
tus (even in individuals without
diabetes), and complications of diabe-
tes. There is also emerging evidence
for an independent association
between periodontitis and incident
diabetes. In addition, there is evidence
that periodontitis adversely affects
diabetes glycaemic control and wors-
ens complications. There is a lack of
clarity in the literature regarding the
strength of the latter association and
the clinical significance of the effects
of periodontal therapy on diabetes
and its outcomes. Therefore, it is
timely to systematically review the lit-
erature on epidemiology of periodon-
tal diseases and diabetes; the impact
of periodontal interventions on diabe-
tes outcomes and; potential mechanis-
tic links between these two chronic
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inflammatory diseases, consistent with
examining biological plausibility.

The remit of this working group
was to critically examine the current
evidence base for the periodontal
disease–diabetes paradigm with a
view to establishing pragmatic guide-
lines for patient care, accepting the
current state of the field and the
likely need for change as further
research emerges. Two reviews have
evaluated in a systematic manner the
epidemiological evidence for direc-
tional associations between peri-
odontal diseases and diabetes
(Borgnakke, Yi€ostalo, Taylor &
Genco 2013) and the evidence for
beneficial effects of periodontal
treatment on diabetes outcomes
(Engebretson & Kocher 2013). A
third narrative review has critically
addressed potential mechanistic links
between periodontal diseases and
diabetes (Taylor, Preshaw & Lalla
2013). While there is only emerging
evidence for associations between
periodontal disease and type 1 diabe-
tes, and little evidence for the associ-
ation between periodontitis and
gestational diabetes, these fields were
excluded from detailed analysis.
Therefore, this consensus document
focuses specifically on the relation-
ship between periodontitis and type
2 diabetes.

Epidemiological Evidence (for type 2
diabetes)

What is the evidence for the effect of

periodontal disease on diabetes control,

complications and incidence?

Diabetes control and hyperglycaemia

Severe periodontitis is associated
with increased HbA1C in individuals
with and without type 2 diabetes. In
people without diabetes, progression
of periodontitis over 5–10 years was
associated with increasing HbA1C
and impaired glucose tolerance.
Those with periodontitis at baseline
and demonstrating periodontal dis-
ease progression had a larger
HbA1C increase than those without
periodontitis over a 5-year period
(0.143% versus 0.005%).

Diabetes complications

There is evidence for a direct rela-
tionship between the severity of peri-
odontitis and complications of type
2 diabetes. Moderate-to-severe peri-

odontitis is associated with increased
risk for macroalbuminuria, end-stage
renal disease, calcification of athero-
sclerotic plaques, carotid intima-
medial thickness and cardio-renal
mortality. Limited evidence exists for
an association between periodontal
disease and diabetes complications in
adults with long-duration insulin-
dependent diabetes mellitus.

Incidence

Emerging evidence suggests an
increased risk for the development of
diabetes in individuals with severe
periodontitis, relative to no or mild
periodontitis after adjustment for
potential confounders.

Is there a type and/or threshold of

periodontal disease that is associated

with increased risk of diabetes

complications?

Studies do not address the issue of a
minimal threshold level of periodon-
tal disease at which an effect on risk
of complications is likely. Consider-
ing the available evidence, subjects
with gingivitis are often combined
with periodontally healthy subjects
in the control/reference group. In
one study where subjects with gingi-
vitis was a separate category, there
was no evidence that gingivitis was
associated with altered glycaemia.
Although the definition of periodonti-
tis differs among studies, a consistent
finding is that severe periodontitis
imparts a significant risk for diabetes
complications. Again based on these
studies, the threshold appears to be in
the transition between moderate to
severe disease.

It has to be realized that thresh-
old levels of periodontal disease
affecting individuals with diabetes
mellitus may be patient dependent.

Which clinical biochemical markers of

diabetes are affected by periodontal

diseases?

HbA1C has consistently been used
as the measure of glycaemia. Occa-
sionally, fasting or random plasma
glucose and oral glucose tolerance
tests have also been used. Insulin
resistance has been evaluated by the
homeostasis model assessment. This
consensus report therefore focusses
on HbA1C as the outcome measure
of diabetes control.

Summary

Overall, there is consistent and
robust evidence that severe peri-
odontitis, adversely affects blood
glucose levels expressed as HbA1C
in individuals with and without dia-
betes. Moderate-to-severe periodon-
titis is associated with an increased
risk for the development of diabetes.
Evidence supports a dose-dependent
role for periodontitis and diabetes
complications.

Impact of Periodontal Treatment on
Diabetes Outcomes

What is the potential impact of

periodontal treatment on diabetes

outcomes and what is the clinical

significance of any effect?

Reduction in HbA1C is an estab-
lished outcome measure of successful
diabetes treatment. Evidence derived
from RCTs shows that periodontal
treatment results in a mean reduc-
tion in HbA1C of 0.36% (95% CI
0.19, 0.54) at 3 months (Engebretson
& Kocher 2013). This result is con-
sistent with previous meta-analyses.

Levels of HbA1C reduction
obtained within the short term follow-
ing periodontal interventions are
equivalent to those achieved by adding
a second drug into a pharmacological
regime. If such reductions following
periodontal therapy can be sustained
over the longer term, then this may
contribute to reduced diabetes-associ-
ated morbidity and mortality.

What is the specific level of periodontal

resolution following periodontal therapy

that is associated with improvements in

diabetes outcome?

While periodontal therapies result in
reduction in HbA1C level, diabetes
patients on average benefit from
periodontal therapy. At present, no
specific level of disease resolution
has been associated with this
outcome (HbA1C reduction).

Is there evidence to recommend a specific

periodontal treatment regimen over and

above mechanical debridement as being

more beneficial towards diabetes

outcomes?

While meta-analyses have included
studies that employed a wide range
of periodontal therapies, professional
mechanical debridement was the
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intervention common to all studies.
Adjunctive antibiotic therapy does
not currently appear to confer addi-
tional benefits. Therefore, there is
insufficient evidence to suggest a spe-
cific periodontal treatment regime
and we conclude that individuals
with type 2 diabetes benefit from
professional mechanical debridement
in conjunction with sustained effec-
tive home care.

Given the current evidence base, how

should periodontal care feature in the

management of diabetes control?

Periodontal therapy in individuals
with type 2 diabetes is safe and effec-
tive in improving periodontal clinical
outcomes. Available short-term evi-
dence suggests that HbA1C levels
can be reduced as a result of peri-
odontal therapy. Additional RCTs
are needed to make definitive clinical
recommendations for periodontal
therapy in the management of diabe-
tes. In the meantime, it would be
prudent to identify diabetes within
the dental setting. Likewise, in the
medical setting, patients with diabe-
tes should be evaluated for the pres-
ence of periodontitis.

Mechanistic Links Between
Periodontal Diseases and Diabetes

Are the periodontal microbiota affected by

diabetes control?

According to the currently available
literature, there is no compelling evi-
dence that diabetes has any signifi-
cant impact on the oral microbiota.
A major limitation in current knowl-
edge is that existing studies have not
examined the entire periodontal mi-
crobiome.

What is the impact of the periodontal

microbiota on diabetes outcomes?

Whether the periodontal microbiota
has any direct impact on diabetes
has barely begun to be addressed
and there is currently inadequate
evidence to support such an effect.

What is the role of cytokines and other

mediators in the mechanistic association

between diabetes and periodontitis?

There is evidence from clinical and
experimental studies to support the

role of specific cytokines in the
relationship between diabetes and
periodontitis. In patients with peri-
odontitis, diabetes is associated with
elevated levels of several cytokines
and other mediators in saliva and
gingival crevicular fluid (GCF). Sim-
ilar findings are evident in gingival
tissue samples from animal models.

There is evidence that periodonti-
tis in non-diabetic individuals
increases systemic levels of inflamma-
tory mediators. Whether this occurs
in diabetic subjects remains to be
clarified. Findings from animal exper-
iments involving the use of specific
antagonists support a cause-and-
effect relationship between diabetes-
related cytokine dysregulation and
periodontal breakdown. Most studies
to date, however, have focused on a
limited number of mediators.

What is the role of oxidative stress in the

mechanistic association between diabetes

and periodontitis?

Hyperglycaemia enhances oxidative
stress in periodontal tissues and clin-
ical and experimental studies have
demonstrated that periodontitis pro-
motes measures of systemic oxidative
stress. Results from animal experi-
ments indicate that the use of
antioxidant micronutrients reduces
diabetes-enhanced periodontal inflam-
mation and bone loss.

What is the role of AGEs in the

mechanistic association between diabetes

and periodontitis?

Diabetes drives the formation of
AGEs, which directly and indirectly
promote inflammation, including
periodontitis. Findings from clinical
studies and animal experiments sug-
gest that AGE–RAGE interaction
leads to the exaggerated inflamma-
tory response and periodontal tissue
destruction seen in diabetes. Animal
experiments using RAGE blockade
indicate a mechanistic link between
RAGE activation and periodontal
breakdown.

What are the limitations to the existing

evidence base for periodontitis–diabetes
links, in either direction?

It is timely to confirm in clinical tri-
als mechanisms underlying the
impact of diabetes on periodontitis

that have been established in animal
experiments. The complex effects of
hyperglycaemia and insulin resis-
tance on the many different cell
types involved in periodontitis are
largely unknown.

As clinical evidence emerges for a
negative impact of periodontitis on
diabetes outcomes, there is an imper-
ative for more mechanistic studies to
explain this direction of the associa-
tion.

Bradford Hill Criteria for Evidence of
Causality

The consensus of this group on the
issue of causality is that, while the
determination of causality is the ulti-
mate goal, it is not central to consid-
erations of the linkage between
complex diseases such as periodonti-
tis and diabetes. Risk factors affect
incidence, severity and progression
of disease by increasing the probabil-
ity that these outcomes will occur. It
is important to determine whether
periodontitis is independently associ-
ated with adverse diabetes outcomes.
It is also critical to demonstrate the
impact of periodontal interventions
on adverse diabetes outcomes.

Recommendations for Future

Research

A strong evidence base exists from epi-
demiological studies that periodontitis
and diabetes are directly associated,
and that periodontal interventions
provide beneficial effects on diabetes
outcomes. However, the evidence
could be further strengthened by
future studies incorporating the fol-
lowing design features:

• Randomized, multicentre studies
that are properly powered;

• Development of large cohorts to
assess the impact of periodontal
disease upon macro- and micro-
vascular complications of diabetes;

• Inclusion of populations with dif-
fering characteristics, such as over-
weight and obese populations with
different distributions of adipose
tissue, differing ratios of type 1
and type 2 diabetes, race, ethnicity
and geographical location, to
improve generalizability;

• Accounting for periodontal disease
definitions that include extent,
severity and definitions of cases;
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• In association studies, consider-
ation of full-mouth periodontal
examinations rather than partial
mouth sampling and including
probing depth and loss of clinical
attachment measurements: these
are essential in intervention trials;

• Characterization of baseline dia-
betes characteristics additional to
HbA1C (e.g. duration of diabetes
status).

• Consistency in the recording of
details on general medication use
and changes in use in all study
volunteers;

• Consistency with respect to the
minimum number of teeth
required for subject inclusion;

• Stratification for relevant major
risk factors (i.e. obesity, smoking);

• Documentation of crossover
effects on the control group;

• Definitionofperiodontal treatment
outcomes deemed to characterize
successfulperiodontal therapy;

• Development of biobanks for bio-
logical samples from clinical stud-
ies to facilitate subsequent analysis;

• The recording of information on
nutritional and quality-of-life
outcomes;

• Recording and reporting of infor-
mation on other oral conditions
(e.g. periapical periodontitis).

With respect to studies designed
to assess the impact of periodontal
interventions on diabetes outcomes,
additional design features include:

• Comprehensive assessment of
changes in clinical measures of
periodontal inflammation and in
biochemical markers of inflam-
mation in blood and saliva;

• Inclusion of type 1, gestational
and other types of diabetes;

• Further interventional studies
investigating the impact of differ-
ent periodontal treatment and
prevention protocols on the onset
and progression of diabetes and
its complications.

In studies designed to explore
mechanistic links between periodon-
tal diseases and diabetes, further
consideration should be given to:

• Addressing the complexity, path-
ogenic composition and dynamics
of the microbial biofilm;

• Assessment of the effects of bac-
teremia on diabetes control and
the effect of diabetes on the
development of, and response to
bacteremia;

• Investigation of the potential
effects of periodontitis on insulin
resistance;

• Exploration of the potential
effects of periodontitis on insulin
production;

• Addressing the complexity of
local and systemic regulatory
pathways affected by diabetes
and periodontitis;

• Examining the effects of diabetes
on cellular functions in periodon-
titis;

• Application of longitudinal
designs in clinical studies employ-
ing metagenomic techniques and
systems biology to unravel mech-
anistic links between diabetes and
periodontitis in humans.

Mechanistic studies investigating
interactions between diabetes and
periodontitis should also take into
account duration of diabetes, level
of glycaemic control and extent and
severity of periodontitis.

Guideline A

[Suggested Guidelines for physicians
and other medical health professions
for Use in Diabetes Practice]

Oral health of my patients
Because of the increased risk for

developing periodontitis in patients
with diabetes the following recom-
mendations are made:

• Patients with diabetes should be
told that periodontal disease risk is
increased by diabetes. They should
also be told that if they suffer from
periodontal disease, their glycae-
mic control may be more difficult,
and they are at higher risk for dia-
betic complications such as cardio-
vascular and kidney disease.

• As part of their initial evaluation,
patients with type 1, type 2 and ges-
tational diabetes (GDM) should
receive a thorough oral examina-
tion, which includes a comprehen-
sive periodontal examination.

• For all newly diagnosed type 1 and
type 2 diabetes patients, subse-
quent periodontal examinations
should occur (as directed by the

dental professionals) as part of
their ongoing management of dia-
betes. Even if no periodontitis is
diagnosed initially, annual peri-
odontal review is recommended.

• Diabetes patients presenting with
any overt signs and symptoms of
periodontitis, including loose
teeth not associated with trauma
– spacing or spreading of the
teeth – and/or gingival abscesses
or gingival suppuration, require
prompt periodontal evaluation.

• Patients with diabetes who have
extensive tooth loss should be
encouraged to pursue dental
rehabilitation to restore adequate
mastication for proper nutrition.

• Oral health education should be
provided to all patients with dia-
betes.

• For children and adolescents
diagnosed with diabetes, annual
oral screening is recommended
from the age of 6–7 years by
referral to a dental professional.

• Patients with diabetes should be
advised that other oral conditions
such as dry mouth and burning
mouth may occur, and if so, they
should seek advice from their den-
tal practitioner. Also patients with
diabetes are at increased risk of
oral fungal infections and experi-
ence poorer wound healing than
those who do not have diabetes.

Guideline B

[Suggested guidelines for use in den-
tal practice]

My patient with diabetes

• Patients with diabetes should be
told that they are at increased
risk for periodontitis. They
should also be told that if they
suffer from periodontal disease,
their glycaemic control may be
more difficult, and they are at
higher risk for other complica-
tions such as cardiovascular and
kidney disease.

• Patients presenting with a diag-
nosis of type 1, type 2 or gesta-
tional diabetes should receive a
thorough oral examination,
which includes a comprehensive
periodontal evaluation.

• If periodontitis is diagnosed, it
should be properly managed. If
no periodontitis is diagnosed ini-
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tially, patients with diabetes
should be placed on a preventive
care regime and monitored regu-
larly for periodontal changes.

• Patients with diabetes presenting
with any acute oral/periodontal
infections require prompt oral/
periodontal care.

• Patients with diabetes who have
extensive tooth loss should be
encouraged to pursue dental
rehabilitation to restore adequate
mastication for proper nutrition.

• Oral health education should be
provided to all patients with dia-
betes.

• Patients with diabetes should also
be evaluated for other potential
oral complications, including dry
mouth, burning mouth and can-
didal infections.

• For children and adolescents
diagnosed with diabetes, an
annual oral screening for early
signs of periodontal involvement
is recommended starting at the
age of 6 years.

• Patients who present without a
diabetes diagnosis, but with obvi-
ous risk factors for type 2 diabe-
tes and signs of periodontitis
should be informed about their
risk for having diabetes, assessed
using a chair-side HbA1C test,
and/or referred to a physician for
appropriate diagnostic testing
and follow-up care.

Guideline C

[Recommendations for patients with
diabetes at the physician’s practice/
office]

Why should I have my gums
checked?

If your physician has told you
that you have diabetes, you should
make an appointment with a dentist
to have your mouth and gums
checked. This is because people with
diabetes have a higher chance of get-
ting gum disease. Gum disease can
lead to tooth loss and may make
your diabetes harder to control.

You may have gum disease if you
have ever noticed:

• Red, bleeding or swollen gums;

• Pus from the gums;

• Foul taste;

• Longer looking teeth;

• Loose teeth;

• Increasing spaces between your
teeth;

• Calculus (tartar) on your teeth.

If you have noticed any of these
problems, it is important to see a den-
tist as soon as possible. Gum disease
may be present and get worse with no
apparent symptoms to you, so even if
you do not think you have gum disease
now, you should still get regular dental
check-ups as part of managing your
diabetes. Your dentist will be able to
pick up early signs of gum disease.

You also need to clean your teeth
and gums very carefully at home.

If you have diabetes, you may
also suffer from dry mouth, burning
mouth, yeast infections of the mouth
or poor healing of mouth wounds.

It is important to keep your
mouth and your whole body as
healthy as possible with regular den-
tal and medical care.

Guideline D

[Recommendations for patients at
the dental surgery/office who have
diabetes or are found to be at risk
for diabetes]

You have diabetes or you have
been told by your dentist you are at
risk for diabetes

People with diabetes have a
higher chance of getting gum dis-
ease. If you have been told by your
dentist that you have gum disease,
you should follow up with necessary
treatment as advised. This may
require several appointments. Like
diabetes, gum disease is a chronic
condition and requires lifelong main-
tenance. You also need to clean your
teeth and gums very carefully at
home. If left untreated, gum disease
can lead to tooth loss and may also
make your diabetes harder to con-
trol.

Gum disease may be present and
get worse with no apparent symptoms
to you, so if your dentist told you that
you do not have gum disease now,
you should still get regular dental
check-ups as part of managing your
diabetes. Your dentist will be able to
pick up early signs of gum disease.

You may have gum disease if you
ever notice:

• Red, bleeding or swollen gums;

• Pus from the gums;

• Foul taste;

• Longer looking teeth;

• Loose teeth;

• Increasing spaces between your
teeth;

• Calculus (tartar) on your teeth.

People with diabetes may also
suffer from dry mouth, burning
mouth, yeast infections of the mouth
or poor healing of mouth wounds.

If you do not have diabetes, but
your dentist identified some risk
factors for diabetes including signs
of gum disease, it is important to
get a medical check-up as advised.
Your medical doctor can order
blood tests to see if you have diabe-
tes and not know it, and can pro-
vide proper advice and care based
on the results. Make an appoint-
ment to see your medical doctor as
soon as possible. And remember to
inform your dentist about the out-
come of your visit to the medical
doctor.

It is important to keep your
mouth and your whole body as
healthy as possible with regular
dental and medical care.
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Clinical Relevance

Scientific rationale for the study:
Periodontal disease and diabetes
are directly and independently
associated chronic diseases of high
prevalence in the population. Dia-
betes is predicted to increase in
prevalence in the next 15 years to
epidemic levels leading to substan-
tial morbidity and premature mor-
tality. Therefore it is timely to
systematically review the impact of
periodontitis and its treatment
upon diabetes control, complica-
tions and incidence.

Principal findings: Severe periodonti-
tis adversely effects diabetes control
(HbA1C) and also glycaemia in non-
diabetes patients. There is a direct
and dose-dependent relationship
between periodontitis severity and
diabetes complications in diabetes
patients and emerging evidence that
severe periodontitis may predispose
to the development of diabetes.
Mechanistic links between periodon-
titis and diabetes involve AGE-
RAGE interactions, oxidative stress
and altered cytokine networks. Peri-
odontal treatment reduces plasma

HbA1C at 3-months by levels
equivalent to adding a second drug
to a pharmacological regime.
Practical implications: Guidelines are
documented for physicians, dental
surgeons and patients with diabetes
or at risk of diabetes, concerning
periodontal care and management of
oral health. Larger randomised trials
are recommended over extended
observation periods to strengthen
the evidence for this bidirectional
relationship and for the impact of
periodontal therapy on diabetes con-
trol, complications and incidence.

© 2013 European Federation of Periodontology and American Academy of Periodontology

S112 Chapple and Genco


