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Diabetes as a potential risk for periodontitis: association studies
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1 | INTRODUCTION

Periodontal disease and diabetes mellitus are two of the most com-
mon chronic diseases in humans and they are linked. The association
of periodontal disease and diabetes has been termed a “two-way re-
lationship,” with diabetes increasing the risk for periodontal disease
and periodontal disease adversely affecting glycemic control and
increasing the severity of complications of diabetes.!

Here we will discuss the evidence for the role of diabetes in in-
creasing the risk for periodontitis, whereas the role of periodontal
disease adversely affecting diabetes is discussed elsewhere in this

volume.

2 | BURDEN OF PERIODONTITIS

Periodontitis affects 42.2% of dentate adults in the USA > 30 years
of age.2 Mild/moderate periodontitis accounts for 34.4% and severe
periodontitis accounts for 7.8% of the total. Data from 37 countries
show that severe periodontitis affects 11.2% of the population on
average, ranging from 5% for individuals from Oceana to 20.4%
among Latin Americans. It is the sixth most prevalent among 291

diseases assessed globally.3'4

3 | BURDEN OF DIABETES MELLITUS

Diabetes mellitus is a group of metabolic disorders characterized
by hyperglycemia associated with defective insulin production,
insulin action or both. In the USA, 30.3 million (9.4%) adults had
diabetes in 2017.° Of these, 23.1 million were diagnosed and
another 7.2 million were unaware of their diabetes. Prevalence
has tripled worldwide from 2006 to 2017.° Overall, type 2 dia-
betes accounts for 90% of the cases; type 1 or immune-mediated

diabetes and gestational diabetes account for most of the rest.”

Other types of diabetes, including maturity-onset diabetes of the
young and pancreatic disease or drug- and chemical-induced dia-
betes, are rare.®

The prevalence of diabetes varies among the countries of the
world, with China, India and the USA having the highest prevalence.®
Prediabetes or increased risk for diabetes occurs in about one-third
of US adults. It is defined as a fasting plasma glucose level of 100-
125 mg/dL and/or elevated HbA1lc of 5.7%-6.4%. Prediabetes pre-
disposes to manifest diabetes, with about two-thirds converting in
3 years.’ Hyperglycemia affects one in six pregnancies worldwide,
of which 86.4% are due to gestational diabetes.® A large proportion
of women with gestational diabetes will develop diabetes 3-6 years

postpartum.’

4 | DIABETES COMPLICATIONS

Hyperglycemia, especially of long duration, leads to diabetes
complications and these complications are similar for all types of
diabetes. Complications of diabetes include dehydration, hyper-
osmolar coma, poor wound healing and diseases such as myocar-
dial infarction, stroke, limb ischemia, kidney failure, retinopathy
leading to blindness, neuropathy, neurocognitive decline and foot
infections, which can lead to amputation.8 Heart disease and
stroke are the main causes of death among those with diabetes.
Diabetic retinopathy is the leading cause of blindness; diabetes is
the leading cause of kidney disease in the USA. Pregnant women
with glycemia or gestational diabetes mellitus are at high risk of
transgenerational effects on their offspring, including obesity,
hypertension and kidney disease.® Periodontal disease, which oc-
curs in the majority of adults with diabetes, is also a complication
of diabetes. The complications of uncontrolled diabetes are often
devastating, resulting in increased risk for death, heart disease and
stroke at rates two to four times higher than in individuals without
diabetes.1®
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5 | DIABETES AND PERIODONTITIS

5.1 | Cross-sectional studies

The most recent cross-sectional study defines the relationship of dia-
betes to periodontitis in over 10 000 individuals representing over
143 million dentate adults in the USA examined from 2009 to 2012.%*
These two 2-year NHANES cycles apply for the first time a full-mouth
periodontal probing protocol, which enables the most accurate es-
timates of the prevalence of periodontitis. It should be noted that
NHANES does not distinguish between the different types of diabetes.

From Figure 1 it can be seen that adults 230 years of age with
diabetes suffer from more moderate or severe periodontitis as com-
pared with those with normal glucose levels at all age levels.!!

Likewise, the prevalence of moderate/severe periodontitis is
greater in those with poorly controlled diabetes and in those with
controlled diabetes or prediabetes compared to participants without
diabetes in both sexes (Fig. 2). Furthermore, that prevalence is greater
in men compared to women within each of the three categories of
glycemic control (results not shown).

Having no natural teeth (edentulism) is more common in those
with diabetes and prediabetes in the age range of 45-64 years, but not
among those 65 years or older.!*

A well, there was more edentulism among those with elevated
HbAlc levels as compared with those with good glycemic control.
A similar finding was seen when the number of missing teeth was ana-
lyzed, ie more missing teeth in those with diabetes. Missing teeth were
also greater in those with greater HbAlc.

From this study reprepresenting over 143 million adults in the USA,
diabetes and hyperglycemia are associated with more severe periodon-
titis, edentulism, and tooth loss.

6 | PERIODONTITIS IN TYPE 1 DIABETES

The oral health status of 263 subjects with type 1 diabetes was com-
pared with 208 with no diabetes (aged 11-18 years).:® Almost 10%
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Clinically important facts about the association of

diabetes and periodontal disease include:

e Type 1 and type 2 diabetes, as well as gestational diabe-
tes, increase the risk for periodontal disease, especially
if uncontrolled.

e Diabetes also increases the risk of tooth loss, which
interferes with diet, often resulting in poor glycemic
control.

e Diabetes can result in increased oral fungal infection
and fissured tongue. Diabetes can also lead to burning
mouth and alterations in taste sensation, both of which
can interfere with eating, resulting in poor nutrition.

e Appropriate control of blood sugar and weight and ad-
equate exercise can result in good diabetes control and
the prevention and management of periodontal disease
can result in good oral health. Both can be obtained in
patients with diabetes to help ensure a healthier life for
many patients.

(9.8%) of those with type 1 diabetes had evidence of periodontitis
versus 3% in children without diabetes. Figure 4 shows radiographs
from a 16-year-old female with type 1 diabetes and severe periodon-
titis from this study. Severe alveolar bone loss especially affecting
the molars and incisors can be seen in this patient.

A population-based longitudinal study showed that subjects with
uncontrolled type 1 diabetes suffered from greater loss of clinical
attachment over 5 years.14 Moreover, uncontrolled type 1 diabetes,
as well as uncontrolled type 2 diabetes, was associated with greater
tooth loss over the 5-year follow-up period.

Similarly, participants with type 1 diabetes had a greater bleed-

ing index as well as more periodontal attachment loss than those
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FIGURE 2 Prevalence of moderate/severe periodontitis*?
among dentate adults aged 230 years by diabetes (glycemic control)
status and sex - National Health and Nutrition Examination Survey
(NHANES) 2009-2012. A1c (HbA1c), glycated hemoglobin. Error
bars represent 95% confidence intervals. *p<0.05 compared to
persons with normal glucose levels.

FIGURE 1 Prevalence of moderate/severe periodontitis'?
among dentate adults aged 230 years by diabetes status and

age group - National Health and Nutrition Examination Survey
(NHANES) 2009-2012. Error bars represent 95% confidence
intervals. *p<0.05 compared to persons with normal glucose levels.
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FIGURE 3 Prevalence of edentulism (missing all natural teeth)
among adults aged 230 years by diabetes status and age group

- National Health and Nutrition Examination Survey (NHANES)
2009-2012.1

1 Estimate is too unreliable to present; £1 case or relative standard
error >50%. Error bars represent 95% confidence intervals.
*p<0.05 compared to persons with normal glucose levels.

with no diabetes,’® and those with deficient metabolic control and
other diabetic complications had higher bleeding indices and greater
periodontal pocket depths. The authors concluded that patients
with type 1 diabetes show increased susceptibility to periodontal
disease, especially those with poorer metabolic control or with dia-

betic complications.

7 | GESTATIONAL DIABETES MELLITUS

Analyses of NHANES Il data showed that women with gestational
diabetes had more severe periodontitis than pregnant women without
gestational diabetes.’® A large prospective Indian study of primagravida
demonstrated a strong association between gestational diabetes and
periodontal disease with an adjusted hazard ratio of 2.85 (95%Cl: 1.47-

5.53). Also, there was a more than 18-fold increased risk for pre-ec-

lampsia in those with both periodontal disease and gestational diabetes
with an adjusted hazard ratio of 18.79 (95% Cl: 7.45-47.40) compared
to first-time pregnant women without any of the two diseases.'®

It appears that individuals with most types of diabetes mellitus,
including type 1, type 2, and gestational diabetes mellitus, especially
if uncontrolled have more severe periodontitis than subjects with

no diabetes.

8 | LONGITUDINAL STUDIES

From this long history of cross-sectional studies and case reports it is
clear that patients with type 1 and type 2 diabetes, as well as gestational
diabetes, suffer from more severe periodontal disease, after adjustment
for common risk factors. As strong as the evidence for this association
is, there still is a need to establish the temporal sequence of events:
Does diabetes precede periodontitis and, hence, is possibly a risk fac-
tor, contributing to the pathogenesis of periodontitis? Alternatively, is
periodontitis a condition that precedes or is concurrent with diabetes?
There is a series of longitudinal studies that address these issues.

The earlier onset and greater severity of periodontal disease was
documented in a longitudinal study of Pima Indians of the Gila River
Native American Community.*8 In this study, the incidence or number
of new cases of periodontitis was 2.6 times greater in those with dia-
betes type 2 as compared with individuals with normal glucose levels
when followed over 2-3 years. Figure 5A-C shows a subject who did
not have diabetes at baseline, with little or no periodontal disease.
However, she developed type 2 diabetes and severe periodontitis was
seen on examination about 3 years later.'8

This has been confirmed and extended in a population-based
study in Germany.'* They studied a large population over 5 years and
found that individuals with uncontrolled type 2 diabetes had greater
progression of pocket depth and clinical attachment level compared
with those with controlled or no diabetes.

Another longitudinal study followed patients for 5 years
post-treatment during a periodontal maintenance regimen.19 The
progression of periodontitis was significantly greater among pa-
tients with diabetes and poor glycemic control (mean HbA1c 9.1%) as
compared with those with diabetes and good control (mean HbA1c
6.1%) and nondiabetics. The results from this study can be seen in
Figure 6. Moreover, tooth loss was greater over the 5-year period in
those with diabetes with poor glycemic control compared with those

with good control or those with no diabetes.

FIGURE 4 16-year-old, White female
patient. Type 1 diabetes mellitus onset

at age 14 years, duration 2 years. Note
alveolar bone loss localized to first molars,
especially mesial surfaces and central
incisors.*
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FIGURE 5 (A)35-year old female, baseline examination, mild
alveolar bone loss, no diabetes (radiograph). (B, C) Same patient 3
years later, now with severe periodontitis and uncontrolled type 2
diabetes [radiograph (B), clinical photograph (C)].28

As described, there is greater edentulousness and partial tooth
loss in individuals with diabetes based on cross-sectional studies.
The longitudinal study by Demmer et al showed that greater tooth
loss occurred in both type 1 and type 2 diabetes when uncontrolled,
as compared with groups with controlled or no diabetes.** Loss of
teeth in individuals with diabetes is of great potential significance, as
it often interferes with proper nutrition.

Based on the cross-sectional and longitudinal studies it is reason-
able to conclude that diabetes mellitus is a risk factor for periodon-
titis and that diabetes precedes periodontitis, probably contributing
to its pathogenesis. Evidence for mechanisms by which diabetes in-
creases the risk for periodontal diseases in summarized elsewhere in

this volume of Periodontology 2000.

9 | COMMON RISK FACTORS

Periodontal disease and diabetes share many risk factors, both modi-

fiable and nonmodifiable.?°?? The modifiable risk factors common
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to diabetes and periodontal disease include smoking, excessive alco-
hol consumption, obesity, physical inactivity and excessive refined
sugar consumption. It should be noted that periodontal disease is
also a risk factor for worsening diabetes, and diabetes for more se-
vere periodontitis.

The nonmodifiable risk factors common to diabetes and peri-
odontal disease include higher age, male gender, minority race/
ethnicity, low socioeconomic status and genetic predisposition.?!
It is clear then that in the management of periodontal disease,
especially in patients with diabetes, strict attention to modifying
smoking, excessive alcohol consumption, obesity, physical activity
and high refined sugar consumption will benefit the management
of both diseases. This can perhaps be best accomplished by a team
approach, including a dentist and physician and their respective
staff.

10 | OTHER ORAL MANIFESTATIONS OF
DIABETES

Because diabetes and periodontitis practically share the same risk
factors, both conditions will often occur in the same individuals. 2022
Moreover, several mechanisms involved in the metabolic syndrome
called diabetes, such as hyperglycemia, insulin resistance, or gly-
cose intolerance; dyslipidemia; various metabolic disturbances;
cardiovascular dysfunction, such as endothelial dysfunction and
hypertension; and reduced resistance to infection and delayed
wound healing by inflammatory dysfunction, may result in vari-
ous oral manifestations, symptoms of which subsequently further
increase the risk of periodontitis. An extensive literature review
supplemented with original population-based data specifically ex-
amines the periodontal complications of diabetes/hyperglycemia.?
Diabetes related oral conditions with the most common appearance
deserve brief mention here and are further described in a compre-
hensive 2019 review by Verhulst and collaborators.?* The most im-
portant oral manifestation of diabetes in terms of both decrease in
quality of life and impact on oral diseases that contribute to this
decrease is probably dry mouth, which in turn can cause problems
with speech, mastication, swallowing, and removable dentures,
periodontitis and peri-impla\ntitis,25 potentially caries, and eventu-
ally tooth loss. Moreover, candidiasis, fissured tongue, and other
oral mucosal lesions are more prevalent in diabetes/hyperglycemia.
Hyposalivation, burning mouth, and taste alterations can occur due
to diabetic neuropathy.?® Importantly, medications the patients
take for their diabetes and frequently occurring co-morbidities all
have the potential to cause dry mouth, a strong risk factor for both
periodontitis and caries. The two latter oral diseases are the major
causes for tooth loss that in turn easily can lead to poor nutrition
and further decrease the glycemic control due to the inability to bite
off and chew healthy food items. This is due to the resulting need
for a soft diet that often is laden with sugar, fat, and salt and thus
prohibits patients with diabetes from following their dietary recom-
mendations for optimal diabetes management.11
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FIGURE 6 Meanin (A) periodontal probing depth (PPD), (B) clinical attachment loss (CAL), (C) bleeding on probing (BOP), and (D) plaque
index (PI) during 5 years of periodontal maintenance therapy. At baseline: PGC ~ GGC ~ NDC (p>0.05), except for CAL: PGC > GGC ~ NDC
(p<0.039). At final examination: PGC > GGC (p<0.001). PGC, poor glycemic control; GGC, good glycemic control; NDC, controls with no
diabetes. *t PGC > NDC (p<0.01); *t GGC ~ NDC (p>0.05). *Statistically significant increase in Pl per year, using ANOVA and Bonferroni
post hoc analysis (p<0.05). tStatistically significant increase in PPD, CAL, and BOP per year, using Welch test and Tamhane post hoc analysis
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(p<0.05). Reprinted from Costa et al*” with permission.

11 | IMPAIRED WOUND HEALING IN
PATIENTS WITH DIABETES

Delayed wound healing, including oral wounds and lesions, has
been well known to occur in patients with diabetes. The factors
involved in increasing oral disease include: hypoxia, dysfunction in
fibroblasts and epidermal cells, impaired angiogenesis and neovas-
cularization, high levels of metalloproteases, damage from reactive
oxygen species and advanced glycation end products, neuropathy
and multiple levels of decreased host immune resistance.?’” Most
of these factors are accentuated in uncontrolled diabetes and they
adversely affect dental procedures that require wound healing.

Dental management of patients with diabetes requires special
attention to their treatment planning and management, especially
post-treatment. Proactive coordination of care with their physician
to help ensure proper glycemic control is critical to long-term suc-
cessful periodontal and implant therapy. Patients should be assessed
regularly for periodontitis, and in those periodontally healthy, strict
preventive measures instituted to prevent periodontal disease. If the
patient with diabetes has periodontal disease, it should be treated
definitively, reducing all periodontal pockets, establish glycemic con-
trol and control of other complications managed in coordination with
the patient's physician. Good glycemic control and modification of
common risk factors, such as smoking and obesity, as well as com-
plete periodontal therapy and regular periodontal maintenance will
help the patient achieve a lifetime of good oral as well as general
health.

12 | SUMMARY

Periodontitis and diabetes mellitus should be of great interest to cli-
nicians because both are common diseases with more than 4 in 10
dentate adults suffering from periodontitis and about 1 in 10 adults
having diabetes and because these two diseases are associated. This
can have implications for the treatment plan and for the expected out-
comes thereof. Importantly, the dental team may be the first to sus-
pect undiagnosed diabetes based on the oral health status, first and
foremost related to the periodontium.
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