/
o Reenres
0.00 Publishing

Journal of Diabetes Mellitus, 2016, 6, 209-229
http://www.scirp.org/journal/jdm

ISSN Online: 2160-5858

ISSN Print: 2160-5831

Diabetes and Periodontal Diseases:
An Established Two-Way Relationship

Carlos Arana Molina?*, Luna Florencio Ojedal, Maria Sevillano Jiménez!, Cristobal Morales Portillo?,
Isabel Serrano Olmedo?, Tomas Martin Hernandez1, Gerardo Go6mez Moreno?2

"Department of Endocrinology and Nutrition, Virgen Macarena University Hospital, Seville, Spain

*Department of Special Care in Dentistry, Pharmacological Research in Dentistry Group,

Faculty of Dentistry, University of Granada, Granada, Spain

Email: *carana@ugr.es

How to cite this paper: Molina, C.A., Oje-
da, L.F., Jiménez, M.S., Portillo, C.M., Ol-
medo, LS., Herndndez, T.M. and Moreno,
G.G. (2016) Diabetes and Periodontal Dis-
eases: An Established Two-Way Relation-
ship. Journal of Diabetes Mellitus, 6, 209-
229.
http://dx.doi.org/10.4236/jdm.2016.64024

Received: August 21, 2016
Accepted: September 10, 2016
Published: September 13, 2016

Copyright © 2016 by authors and

Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Background: Periodontal diseases (PD), including periodontitis, are chronic inflam-
matory pathologies caused by bacteria in the subgingival biofilm which affect the
periodontal tissues. PD is now considered a localized, chronic, oral infection that
activates the host immuno-inflammatory responses both locally and systemically,
and also constitutes a source of bacteraemia. It is a known fact that periodontal
diseases exercise an important influence on the pathogenesis of numerous systemic
diseases, including diabetes mellitus (DM). In the mid-nineties, sufficient scientific
evidence emerged to confirm an association between DM and periodontitis, which
then began to be regarded as the sixth complication of DM. Current scientific
evidence points to a two-way relationship between DM and periodontal disease,
whereby DM is associated with an increase in the incidence and progression of
periodontitis, while periodontal infection is associated with worsening glycemic
control in diabetic patients. This two-way relationship points to a need to promote
oral health in DM patients, and to implement a joint management protocol between
endocrinologist and dentist that aims to create adequate conditions for early
diagnosis and the effective treatment of both diseases.
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1. Introduction

Diabetes mellitus (DM) covers a group of metabolic diseases characterized by hyper-
glycaemia caused by defects in insulin secretion, insulin action, or both. The latest
research by the International Diabetes Federation (IDF) states that 8.8% of adults (415
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million people) have DM and the number is expected to rise to some 642 million (one
adult in ten) by the year 2040 [1]. So DM is a major healthcare concern because of its
high prevalence and the enormous social and healthcare costs it incurs.

Another important aspect of this disease is the high morbidity and mortality it
produces. Chronic hyperglycaemia, the main characteristic of badly managed DM, is
associated with a wide range of acute and chronic complications that can affect all the
body’s organs and systems, including the gingival and periodontal tissues. Although
periodontal diseases have not been “officially” recognized as a complication of DM, the
scientific evidence available indicates that poor metabolic control may increase the risk
of gingivitis and periodontitis [2]; these periodontal pathologies have also been asso-
ciated with diverse systemic diseases closely related to DM, such as cardiovascular
diseases, obesity and metabolic syndrome [3] [4].

This article reviews and updates current understanding of the complex relationship
between DM and inflammatory periodontal diseases, focusing on the following aspects:
the role of DM as a risk factor for periodontal diseases; the effect of periodontal
infections on diabetic complications and the incidence DM; the mechanisms linking
these entities; the effect of periodontal therapy on glycemic control in patients with

DM,; the implications of this association for health-care professionals.

2. Periodontal Diseases

The periodontium is the functional system of tissues that surround and support the
tooth, and comprises root cementum, periodontal ligament, the bone lining the tooth
socket (alveolar bone) and the part of the gingiva facing the tooth (dentogingival
junction). Collectively, they function as a unit to keep the tooth in position, in spite of
varying responses during mastication (Figure 1).

Periodontal diseases are chronic, microbially induced, inflammatory disorders that
affect the structures that support the teeth, and include gingivitis and periodontitis [5].
Gingivitis is a localized, reversible inflammation of the gums. Dental plaque, which
builds up on the tooth surfaces, is a sticky “biofilm” containing colonies of bacteria.

Most of the 600 species of bacteria that may be found in the mouth are likely to be
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Figure 1. Illustration of the tissues that make up the periodontium, showing each clinical para-
meter and its measurement. In healthy periodontium, the base of the pocket is coincident with
the cemento-enamel junction (CEJ, the boundary between enamel crown and the root) and there
is no attachment loss. In periodontitis, the base of the pocket migrates apically, thereby creating a
pocket. Adapted from Preshaw P.M., et al. (2012) Diabetologia, 55, 21-31.
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harmless, but some are known to be involved in oral diseases. Adequate oral hygiene,
which includes brushing and flossing, aims to remove plaque, and is the principal
treatment for gingivitis. This localized inflammation may or may not lead on to the
more serious periodontitis, in which inflammation extends to the connective tissue and
the bone supporting the tooth, resulting in tissue destruction, the consequent formation
of periodontal pockets, and bone resorption. The final outcome is loss of clinical
insertion and loss of the teeth [5]-[7].

Evaluating the prevalence of periodontal disease is complicated. Estimates largely
depend on the diagnostic criteria adopted in each study. Some authors have suggested
that 50% of all age groups in the US population have reversible gingival inflammation,
with a prevalence of periodontitis of 14%, although this might be even higher [7].

Studies of periodontal diseases include measures of gingivitis, according to Loe and
Silness gingival index (with values from 0 to 3, where 2 or 3 indicates bleeding) [8] and
of periodontitis (assessed by a manual periodontal probe). “Probing pocket depth” is
the distance between the gingival margin and the base of a pocket. “Attachment loss” is
the distance between the cemento-enamel junction of the tooth and the base of a
pocket. Bone loss (assessed by radiography), tooth loss, and both the severity (at any
one site) and extent (number of teeth involved) may be included in the final measure of
periodontitis. In the literature, the terms slight (or mild), moderate, and severe (or
advanced) are used to classify periodontitis (Figure 2). Once the periodontium is
affected, it is necessary to disrupt the biofilm mechanically (debridement, referred to as
scaling), and allow healing; adjunctive antibiotic therapy may be used in some cases.
Periodontium affectation is not something that can be treated by self-care, and so

professional treatment is always necessary [6] [7].

Figure 2. Anatomical illustration of the evolution of periodontal diseases from a state or peri-
odontal health to severe chronic periodontitis. (a): Healthy periodontium; (b): Mild periodontitis;
(c) Moderate periodontitis; (d): Severe/advanced chronic periodontitis. Supplied by: Report of
the Independent Panel of Experts of The Scottsdale Project. Casey Hein, Charles Cobb, Anthony
Tacopino, et al. Grand Rounds (2007).
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Current understanding is that periodontal diseases mainly begin with an inflam-
matory response to Gram-positive bacteria, manifested as gingivitis (red and swollen
gums).

In susceptible individuals, the effects spread into the periodontium, down into a
pocket between the gum and the tooth, where a change to Gram-negative bacteria takes
place, and greater inflammatory response leading to breakdown of the connective tissue
and bone. When this goes unchecked, there will be further changes in microflora, with
further inflammation, and further destruction [7]. Although periodontal diseases have
traditionally been considered a chronic condition localized in the oral cavity, with
negative affects limited to the periodont, it is now known that they can activate host
immune and inflammatory responses both locally and systemically, with systemic
inflammatory effects detectable through increased serum levels of inflammatory
markers such as C-reactive protein (CRP) and interleukin-6 (IL-6) [9]. So it is known
that periodontal diseases play a relevant role in the pathogenesis of diverse systemic
diseases, and may increase the risk of their presentation, a situation that has lead to the

development of what is known as “Periodontal Medicine” [10].

3. Dm and Periodontal Diseases: A Two-Way Relationship

The biological relationship between DM and periodontal diseases has been well
documented since the 1960s (although it was first described at a much earlier date)
starting with the work by Belting et al [11]. In the mid-nineties, after 30 years of
exhaustive research and some 90 published epidemiological studies, the association
between DM and periodontitis was established, and periodontitis has became known as
the sixth complication of diabetes [12]. It was shown that DM was a risk factor for the
appearance of periodontal diseases, and later an inverse relationship was proposed that
periodontitis could be a risk factor for glycemic decompensation, as well as being
associated with an increased risk of DM.

Numerous studies support this relationship. Shlossman et al determined the
periodontal state of 2878 subjects in a Pima Indian population (where a high
proportion of type 2 diabetes mellitus is found), finding a higher prevalence of perio-
dontitis among diabetic subjects, significantly higher than among non-diabetic subjects
(OR 2.6; 95% CI 1.0 - 6.6), age being an independent factor [13]. On the basis of this
first study by Shlossman et al, Emrich et al. [14], Nelson et al [15] and Taylor et al
[16] have obtained similar results in the same population. Data supplied by the
National Health and Nutrition Examination Study (NHANES) III in the USA, in which
4343 patients aged between 45 and 90 years participated, concluded that individuals
with poorly controlled DM (defined as glycosylated hemoglobin > 9%) had a signifi-
cantly higher prevalence of severe periodontitis than those without DM (OR 2.90; 95%
CI 1.40 - 6.03), after making adjustments for age, education, smoking status, and
calculus. It was also observed that the prevalence of DM in patients with periodontitis
was almost double that of patients without periodontitis [17]. Taylor and Borgnakke

examined 17 cross-sectional studies made since 2000, and considered that these rein-
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forced the impression gained from a previous analysis of 48 observational studies dated
1960-2000, that DM adversely affects periodontal health [18]. Research carried out in
the last few years has established a relation between the severity of periodontitis and
type 2 DM complications [19] [20].

These findings have lead to extensive and wide-ranging research initiatives that have
attempted to explain the association between DM and periodontal diseases. The present
article details the evidence available to date regarding each component of this two-way
relationship: firstly, DM as a risk factor for the appearance and progression of perio-
dontal diseases; secondly, periodontal infections as an aggravating factor in poor
glycemic control; and lastly, the pathogenic mechanisms that connect these two

entities.

3.1. DM as a Risk Factor of Periodontitis

According to the available scientific evidence, DM is currently considered an estab-
lished and highly relevant risk factor for the development of periodontitis, and contri-
butes to its increasing prevalence, severity and progression [2] [21] [22].

Thorstensson and Hugoson performed a study of the prevalence of periodontal
disease in individuals aged between 40 and 70 years in Sweden, comparing 83 insulin-
dependent diabetic patients with 99 non-diabetic subjects; clinical and radiological
examinations were performed to evaluate the patients’ periodontal state [23]. The
results showed that among younger (40 - 49 years) diabetic patients, a higher number
of periodontal pockets > 6 mm and greater alveolar bone loss were seen than in healthy
subjects of the same age. In diabetic patients aged 50 - 59 years and 60 - 69 years, no
significant differences were found in comparison with the non-diabetic group. So age
was considered an important risk factor for periodontal destruction, suggesting that
early onset of DM is a more important risk factor for periodontium loss than the
duration of the disease. Mealey affirmed that after making adjustments for confounding
factors such as age or sex, DM would appear to increase the probability of presenting
periodontitis by three times [24].

A systematic review by Chavarry et al published in 2009 set out to determine
whether DM is associated with severe periodontitis (after adjusting for confounding
factors), and whether DM influences responses to periodontal therapy [25]. Of the 49
transversal studies that met review’s inclusion criteria, 27 documented more wide-
spread and more severe periodontitis in diabetic patients than those without DM.
Meta-analysis showed a statistically significant difference in clinical insertion of 1 mm
(95% CI 0.15 - 1.84 mm) between diabetic and non-diabetic subjects. This difference
was registered mainly among type 2 DM patients, while the insertion differences
between type 1 DM patients and non-diabetic subjects (control) were not statistically
significant. The researchers attributed this finding to the young age of the patients with
type 1 DM taking part in most of the studies, and the reduced possibility of their pre-
senting periodontitis of greater severity.

However, one case-control study reported periodontal findings in children aged 6 -

KD
+%%, Scientific Research Publishing

213



C.Aranaetal.

18 years with type 1 DM and control subjects without DM, obtaining approximately
four times higher prevalence of teeth with clinical insertion loss in diabetic children
(5.8 compared with 1.5 affected teeth per subject, p < 0.01) a statistically significant
difference after adjustment for age, sex, gingival bleeding (a sign of gingival inflam-
mation) and frequency of visits to the dentist reported by the subjects [26]. In an
expanded study by the same research group, that included 350 children with DM (95%
with type 1 DM) and 350 non-diabetic control subjects (also children), the effect of DM
on periodontal destruction remained statistically significant in both a subgroup of
younger (6 - 11 years) and older children (12 - 18 years) [27]. The mean glycosylated
hemoglobin level (HbAlc) 2 years prior to dental examination was associated with the
quantity of periodontal destruction after making adjustments for age (although adjust-
ments for DM duration and body mass were not made) [28].

Of eight longitudinal studies included in the literature review by Chéavarry et al. [25],
four [29]-[32] compared the rate of progress of periodontal disease in individuals with
and without DM, of which three reported the accelerated progression of periodontitis
in DM patients. A prospective study not included in the former, of periodontitis
progression and glycemic control conducted in a population of Gullah Afro-Americans
with type 2 DM, showed accelerated periodontitis progression in patients with poor
metabolic control (HbAlc = 7%) in comparison with patients with good metabolic
control (HbAlc < 7%) [33].

As for the question of whether or not DM exerts an influence on the treatment of
periodontal disease, of four longitudinal studies evaluating the effects of DM on
responses to periodontal therapies [34]-[37], three did not identify a lower curative
response by periodontal tissues in patients with DM, in comparison with the response
observed in non-diabetic patients. So, the outcomes of periodontal therapy in diabetic
subjects, registered in terms of clinical variables (reduction of periodontal pocket depth
and bleeding, stabilized insertion depth) showed overall similarity across diabetic and
non-diabetic subjects.

Lastly, it is important to stress that the available epidemiological evidence points to a
positive association between obesity, metabolic syndrome (two entities closely related
to type 2 DM) and periodontitis [4] [38]-[43]. Although the present work’s objective
was not to carry out a detailed review of these studies, the findings are concurrent with

the concept that type 2 DM is a risk factor for periodontal disease.

3.2. Impact of Periodontitis on Diabetic Complications
and DM Incidence

Not only is DM a risk factor for periodontal disease but periodontal disease can also
have a negative effect on glycemic and metabolic control in diabetic patients. The first
evidence in support of this hypothesis originated in research carried out among
subjects belonging to the indigenous population on the river Gila (New Mexico). It was
found that severe periodontitis at the outset of the study was associated with poor

glycemic control (HbAlc > 9.0%) during the follow-up period (a minimum of 2 years),
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which suggests that severe periodontitis is a risk factor that compromises DM
management [44]. Furthermore, diverse studies have reported that the prevalence and
severity of non-oral complications of DM, including retinopathy, diabetic neuropathy,
proteinuria and cardiovascular complications, were correlated with the severity of the
periodontitis [45]-[48].

Other studies of the Indian community on the river Gila have investigated the effect
of periodontitis on the development of renal disease and end stage renal disease (ESRD)
in type 2 DM patients [49]. The periodontal state of 529 individuals aged > 25 years
with type 2 DM, a glomerular filtration rate of > 60 ml/min"'/1.73 m™, without
macroalbuminuria (defined as a urinary albumin / creatinine quotient of > 300 mg/g).
A total of 93 subjects developed macroalbuminuria (during an average follow-up period
of 14.9 years). After making adjustments for age, sex, DM duration, body mass index
and smoking, the incidence of macroalbuminuria was 2.0, 2.1 and 2.6 times higher in
subjects with moderate or severe periodontitis, or edentulous subjects respectively, in
comparison with those with slight or no periodontitis (p < 0.05). The incidence of end
stage renal disease (ESRD) was 2.3, 3.5 and 4.9 times higher for subjects with moderate
or severe periodontitis, or edentulous subjects, respectively (p < 0.05). So moderate or
severe periodontitis or edentulism predicted the development of overt nephropathy and
end stage renal disease “dose-dependently” in patients with type 2 DM, individuals with
type 2 DM mellitus and little or no pre-existing kidney disease [49].

The same authors also investigated the effect of periodontitis on death from
cardiovascular disease and diabetic nephopathy. In a longitudinal study carried out
among 628 Pima Indians, aged > 35 years, with type 2 DM (average follow-up of 11
years, during which time 204 patients died), mortality rates adjusted for age and sex
(number of deaths per 1000 subjects per year) were 3.7 for subjects with no or slight
periodontitis, 19.6 for those with moderate periodontitis, and 28.4 for those with severe
periodontitis. Periodontitis was a predictive factor for death by ischemic heart disease
(p = 0.04) and diabetic nephropathy (p < 0.01). After adjustment for possible
confounding factors (age, sex, DM duration, HbAlc, macroalbuminuria, body mass
index, cholesterol levels, hypertension, electrocardiographic anomalies and smoking),
diabetic subjects with severe periodontitis were subject to 3.2 times greater risk (95% CI
1.1 - 9.3) of cardio-renal mortality (combined ischemic heart disease and diabetic
nephropathy) in comparison with the control group (no or slight periodontal disease,
and moderate periodontal disease combined) [20]. According to researchers, inflam-
mation associated with periodontal disease may play a central role in the pathogenesis
of cardiovascular diseases (CVD). As with other chronic infections, chronic periodontal
disease is associated with systemic changes in blood and blood- forming organs, which
may result in activation of markers of inflammation and acute- phase proteins such as
C-reactive protein. Studies of diabetes and CVD suggest that low-level, chronic
inflammation is associated with endothelial dysfunction, a pathway potentially linking
diabetes and periodontal disease to CVD.

Another important aspect of this type of research is to determine whether perio-

KD
+%%, Scientific Research Publishing

215



C.Aranaetal.

dontal diseases play a relevant role in the incidence of DM. A prospective 7-year study
of 5,848 subjects aged 30 - 59 years evaluated the effect of periodontitis on the incidence
of DM (defined as fasting plasma glucose > 6.9 mmol/l, equivalent to > 125 mg/dl) [50].
In unadjusted analysis, moderate (pockets of 3.5-5.5 mm) and severe periodontitis
(pockets > 5.5 mm) were significantly associated with an increased incidence of DM,
but statistical significance was lost after adjusting for sex, smoking, body mass index,
triglycerides, hypertension, cholesterol and gamma-glutamyl transpeptidase.

The impact of periodontitis on changes in HbAlc was evaluated in a 5-year
prospective study of 2973 non-diabetic subjects [51]. Subjects with more advanced
periodontitis at the start of the study showed absolute increases in HbAlc approxi-
mately five times greater after the 5-year follow-up in comparison with those who
presented no periodontitis at the start of the study (change in HbAlc 0.106 £ 0.03%
vs. 0.023 + 0.02%). This was the first study to report that periodontitis predicts
increases in HbAlc among individuals without DM. Authors argued that periodontal
pathogens can stimulate production of inflammatory cytokines such as tumor
necrosis factor alpha (TNFa), inducing a state of insulin resistance and systemic
inflammation that has also emerged as a novel predictor of incident diabetes. It
remains to see whether these subclinical changes translate into an increased incidence
of DM in the long term.

More recently, the same author has evaluated the relationship between periodontal
microbiota and early DM risk in a cross-sectional study that included 300 DM-free
adults aged 20 - 55 years. Although the prevalence ratio for pre-DM among participants
with moderate/severe vs. no/mild periodontitis was 1.47 (95% CI 0.78 - 2.74), without
statistical significance (p = 0.23), higher colonization levels of specific periodontal
microbiota were associated with higher pre-DM prevalence among DM-free adults
[52].

In conclusion, current scientific evidence suggests that there is an increased risk of
developing DM in individuals with severe periodontitis, in comparison with subjects
with good periodontal health or only slight periodontitis. Furthermore, studies show
that the incidences of macroalbuminuria and end-stage renal disease are increased
two-fold and threefold, respectively, in diabetic individuals who also have severe perio-
dontitis. Furthermore, people with DM and severe periodontitis show three times the

risk of cardio-renal mortality compared with those without severe periodontitis.

4. Mechanisms Linking DM and Periodontal Infections

As mentioned previously, periodontal diseases, and among them periodontitis, are
pathologies of complex and multifactorial etiology, but share a common characteristic,
which is the presence of chronic inflammation in the periodontal tissues with the
formation of periodontal pockets (Figure 1), associated with bacteria organized in sub-
gingival biofilms. Chronic inflammation provokes the activation and excessive
secretion of inflammatory mediators that are responsible for connective tissue and

alveolar bone destruction. Among these are interleukins 1B (IL-18) and 6 (IL-6),
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prostaglandin E2 (PGE,), tumor necrosis factor alpha (TNFa), Receptor activator of
nuclear factor kappa-B ligand (RANKL), matrix metalloproteinases (MMP), cytokines,
regulatory T cells (IL-12, IL-18) and chemokines [53].

As well as characteristic of periodontitis, inflammation is also characteristic of DM,
constituting the main nexus between the two entities. In this way, DM is associated
with high levels of systemic markers of inflammation [54], which contribute to micro
and macrovascular complications. It has been shown that chronic hyperglycaemia
activates different pathways that result in increased inflammation, oxidative stress and
apoptosis [55]. In these processes, high blood levels of IL-6 and TNFa would appear to
be key elements, with the associated increase in acute-phase proteins such as C-reactive
protein. Given the importance of inflammation in both pathologies, the most widely
accepted hypothesis postulates that DM could boost the inflammatory response of
periodontal tissues (Figure 3). Various studies have supported this hypothesis. For
example, PGE, and IL-1B values in gingival crevicular fluid (GCF) are higher in
patients with type 1 DM and gingivitis or periodontitis in comparison with non-
diabetic subjects with the same levels of periodontal disease. In a study of type 2 DM
patients, those presenting HbAlc > 8% presented significantly higher IL-1§ values in
GCF than patients with HbAlc < 8%, HbAlc and glucose values being independent

et
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N
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Figure 3. Illustration of the mechanisms of interaction between diabetes and periodontal diseases. The most widely accepted hypothesis is
that diabetes increases inflammatory responses of the peridontal tissues. Exacerbated and dysregulated inflammatory responses are the
key to the proposed two-way relationship between diabetes and periodontal diseases. AGE: advanced glycosylation end-products; MMP:
extracellular matrix metalloproteinases; PMN: polymorphonuclear leukocytes; RAGE: receptor of advanced glycosylation end-products.
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predictors of high IL-1p values in GCF [56] [57]. At the same time, it is well known that
diabetic patients present defects in polymorphonuclear leukocyte (PMNL) activity,
including chemotaxis, phagocytosis and bactericidal function disorders. Shetty et al
studied PMN functions in 15 diabetic patients with chronic generalized periodontitis,
and found that chemotaxis, superoxide production, phagocytosis and killing of Porphy-
romonas gingivalis by diabetic PMNs were impaired significantly in comparison with
healthy control subjects [58]. Similarly, other studies have shown that diabetic patients
with severe periodontitis present reduced chemotaxis in comparison with diabetic
subjects with only slight periodontitis, as well as defective apoptosis, which can lead to
an increase in PMN retention in the periodontal tissues, which will be accompanied by
greater tissue destruction due to continuous MMP and reactive oxygen species (ROS)
secretion [56] [57].

A second element for consideration in this two-way relationship is the role of Ad-
vanced Glycation End-products (AGEs). AGEs are composites derived from the non-
enzymatic, irreversible glycosylation of proteins and lipids that accumulate in plasma,
on the walls of blood vessels and tissues in diabetic patients, which are the main
element responsible for the development of the micro and macrovascular complications
characteristic of DM [59]. It is known that gingival macrophages present receptors with
high affinity for AGEs (RAGE), so that they accumulate in the periodontal tissues of
diabetics. A study by Schmidt et a [60] showed that the gingival tissue of adult patients
diagnosed with DM who were subjected to surgical periodontal treatment, presented
higher quantities of AGEs than that of non-diabetic subjects. This finding is important
as the accumulation of AGEs in the periodontal tissues of diabetic patients favors
frequent pro-inflammatory episodes. When AGE binds to its receptor, this produces an
overproduction of inflammatory mediators such as IL-1f, TNF-a and IL-6 [56] [57]
[61]. The formation of these molecules provokes ROS production, which increases
oxidative stress, and the consequent cellular changes that take place contribute to the
vascular damage involved in many DM complications [62]-[66]. AGEs also increase the
respiratory burst of PMNs, which has the potential to increase tissue damage localized
in the periodontium. In addition, AGEs have a harmful effect on bone metabolism,
producing an alteration to the bone formation and repair mechanisms, together with
reduced production of extracellular matrix. Apoptosis may play a role in the increased
susceptibility to periodontal diseases among diabetics, and the death of matrix-pro-
ducing cells could limit the possibility of repair in inflamed tissues; it is known that
AGEs have harmful effects on extracellular matrix formation, in relation to apoptosis of
the cells most involved in its formation such as fibroblasts [57].

A third element for consideration is the changes that DM may cause in the
composition of subgingival microbiota. Compared with the large number of studies that
have investigated the role of inflammatory mechanisms in the relation between DM and
periodontal diseases, relatively few have focused on the changes triggered by changes to
oral microbiota. The few that exist indicate that in general there are more similarities than

differences between diabetic and non-diabetic subjects. Nevertheless, some significant
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differences have been detected, such as the greater prevalence of Porphyromonas
gingivalis [67] and Prevotella intermedia [67] [68] in diabetic subjects. These studies
indicate that there are probably subtle differences between diabetics and non-diabetics,
although the clinical relevance of these differences is not clear. The origins of these
differences could lie in the previously observed effects on periodontal tissues that could
favor the growth of more pathogenic species. Figure 3 illustrates schematically the

mechanisms of interaction between DM and periodontitis.

5. Does Periodontal Treatment Affect Metabolic Control in DM?

Researchers have attempted to demonstrate the effect of periodontal treatment on the
metabolic control in DM, and there would appear to be good evidence in support of
this hypothesis as the treatment of periodontal diseases has been seen to improve not
only the clinical and immunological parameters of periodontitis but also long-term
glycemic control in DM [69]-[71]. Kiran et al performed a randomized controlled
clinical study of 44 type 2 DM patients with different degrees of periodontal disease.
Subjects were randomly assigned into two groups: a treatment group (that underwent
full-mouth scaling and root planning, performed under local anesthesia) and a
non-treatment group (control group, who only received oral hygiene instructions). The
authors obtained a 50% reduction in the prevalence of gingival bleeding in the
treatment group after three months. In addition, HbAlc levels in the treatment group
decreased significantly (from 7.31% to 6.51%, approximately 10.94% of the baseline
level) whereas the control group showed 4.42% increases in levels of HbAlc, although
these were not statistically or clinically significant [69].

Faria-Almeida et al [37] also demonstrated that the treatment of periodontal
diseases significantly improves metabolic control of DM. These authors performed a
controlled 6-month clinical study of 20 patients divided into two groups (type 2
diabetes and non-diabetics), with moderate generalized chronic periodontitis. Conven-
tional periodontal scaling and root planing were performed, and the response to this
treatment was compared between the groups at 3 and 6 months. An improvement in all
clinical variables was observed, with no statistically significant differences between the
groups, with the exception of probing depth. The improvement observed in blood
HbAIc levels confirmed a positive metabolic response to periodontal treatment, with a
lower value for this variable at 3 and 6 months after periodontal treatment.

In 2008, Singh et a/ made a study of 45 patients with type 2 DM and generalized
periodontitis [71]. Patients were divided into three groups of 15: Group A received
treatment with full mouth scaling and root planing only; Group B received treatment
with full mouth scaling and root planing followed by systemic doxycycline (100 mg
daily for 14 days); and Group C received no treatment (control group). They found that
Groups A and B showed a mean difference of 0.60% and 0.78% in HbAlc values,
respectively, over the period of 3 months vs. group C without treatment (p < 0.05).

In spite of the promising results of these studies, it should be noted that few rando-

mized clinical studies have been conducted, and the results are variable and at times
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contradictory. They vary in terms of both the type of treatment and the type of DM,
although most have studied patients with type 2 DM. Generally, the results indicate that
periodontal treatment, including root scaling and planning improves glycemic control
in type 2 DM [69] [72] [73], although some do not report any improvement [74]. Fewer
studies have been conducted among type 1 DM patients and the results are contra-
dictory [75] [76].

Systematic literature reviews with meta-analysis have also established that an
improvement in DM metabolic control occurs after periodontal treatment. The first of
these analyzed 10 studies involving periodontal intervention. A total of 456 type 1 and
type 2 diabetic patients were included in this analysis, with periodontal treatment as
predictor and the change in HbAlc level as outcome [77]. The results showed a mean
reduction in HbAlc levels of 0.38% over all the studies analyzed, and 0.66% when
analysis was limited to type 2 DM patients, and 0.71% if antibiotics were administered
as a part of treatment; however, none of these findings were statistically significant.

In 2010, Teeuw et al. [78] carried out a systematic review with meta-analysis of five
controlled studies with 3-month follow-ups, in which patients in the control group did
not receive periodontal treatment; meta-analysis showed an improvement in HbAlc
values in type 2 DM patients who received periodontal treatment (—0.40%, 95% CI
—0.77 to —0.04%, p = 0.03), although the authors point out that the findings should be
treated with caution due to the heterogeneity of the studies analyzed.

In a transversal study by Spangler et al [79] of 5103 diabetic patients aged between
40 and 70 years, the subjects who received at least one periodontal surgery session (an
intensive treatment type not routinely indicated for all patients with periodontitis)
showed HbA1lc levels 0.25% lower than those who did not receive treatment.

In 2012, Gurav made a systematic review to determine the effect of periodontal
treatment on metabolic control in type 2 DM patients [80]. It was concluded that perio-
dontal therapy might be an adjuvant procedure in anti-diabetic treatment for these
patients, although glycemic control did not improve in isolation. He also stressed the
need for randomized controlled multi-centre clinical studies to verify the hypothesis.

More recently, a systematic review with meta-analysis by the 2015 Cochrane
Collaboration included 35 studies, with a total of 2,565 participants with type 1 or type
2 DM, diagnosed with periodontitis [81]; they concluded that there was low quality
evidence that the treatment of periodontal disease improves glycemic control in DM
patients, with a mean HbAlc reduction of 0.29% after 3 - 4 months, but without
sufficient evidence to demonstrate that this effect will continue after the fourth month.
They point out that larger, well-conducted and clearly reported studies are needed in
order to understand the potential of periodontal treatment for improving glycemic
control among DM patients.

Taken together, the meta-analyses and other available evidence indicate that HbAlc
reductions of around 0.4% can be expected after effective periodontal therapy, although
there are few controlled, randomized, multi-center studies available and some of them
lack adequate statistical power. The mechanisms that produce this effect remain unclear,

but it is probably due to a reduction in systemic inflammation (for example, reduction of
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serum levels of mediators such as TNF-o and IL-6) after treatment and resolution of
periodontal inflammation. These findings are important because reductions in HbAlc are
associated with a lower risk of diabetic complications. Epidemiological analysis of data
obtained in The UK Prospective Diabetes Study (UKPDS) show a continuous relationship
between the risks of microvascular complications and glycaemia, so that for every 1% of
HbA1c reduction occasions a 37% reduction in the risk of complications, a 14% reduction
in the risk of myocardial infarction, and a 21% reduction in any DM-related endpoint
[82].

In light of the above, it is now considered that there is sufficient evidence to justify
further research into the contribution of periodontal treatment to metabolic control in
diabetic patients. As several authors have pointed out, the prevention and management
of periodontal disease must be considered an integral part of DM management [83].

6. Implications for Health-Care Professionals

Clearly, oral and periodontal healthcare must form an integral part of DM management
[56]. In this context, improved understanding of the relationship between DM and
periodontal disease must be disseminated not only among healthcare professionals but
also among DM patients. Many DM patients remain unaware of the complications
involved in the disease they suffer (including those of the oral cavity) and they often
receive scant information about these from healthcare professionals. It is necessary to
train professionals and inform patients about the benefits of oral healthcare in relation
to DM. This has clear clinical implications as stated by Watanabe [84], pointing to the
need for direct collaboration between the endocrinologist and the dentist in the
treatment of diabetics with periodontal disease.

In fact, oral healthcare professionals have a valuable opportunity to identify undiag-
nosed DM or pre-diabetes among dental patients, and refer these patients to the GP or
endocrinologist [85]-[87].

On this basis, the International Diabetes Federation has established a series of recom-
mendations for periodontal care of diabetic patients [7]:

* As part of their initial assessment, type 1 and type 2, and gestational DM patients
should be advised to undergo an exhaustive dental and oral examination that
includes a complete periodontal examination.

* Annual assessment should be made to determine that the patient id fulfilling the
daily recommended oral healthcare regime and to ensure that he/she attends regular
dental check-ups that focus of the symptoms relating to periodontal diseases
(bleeding on tooth brushing, reddened or inflamed gums, gingival retraction, dental
movement).

* If some degree of periodontal disease is present, then regular 6-monthly check-ups
by the dentist are advisable.

* If patients fail to perform adequate daily oral care, they should be reminded that this
is an integral part of DM management, and of the importance of regular dental

check-ups.
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7. Conclusions

As the literature reviewed in this paper makes clear, the association between DM and
periodontal diseases is an established fact; it is clear that glycemic control improves
periodontal conditions, while the management of periodontal infection improves the
metabolic status of diabetic patients. In this context, the clinical implications of this
two-relationship should be a focus for further research. Furthermore, the possibility
that both diseases have several pathogenic features in common should make it possible
to guarantee the early diagnosis of both.

In light of the high prevalence of both diseases and the severity of the possible reper-
cussions for patients’ health, the endocrinologist should play a key role in referring
patients to the dentist on a regular basis in order to monitor risk factors such as the
ongoing presence of bacterial plaque in periodontal pockets. Healthcare pro- fessionals
should also remember that disordered glucose metabolism can affect the development
and severity of periodontal diseases.

Further clinical, microbiological, biochemical and epidemiological studies are needed
with large patient samples, including both type 1 and type 2 DM patients, well-designed
randomized, controlled trials that compare different treatment modalities with the
ultimate objective of establishing a clear strategy for multidisciplinary treatment of

diabetic patients with periodontal disease.
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Abbreviation Note List

PD: Periodontal Diseases

DM: Diabetes Mellitus

IDF: International Diabetes Federation

CRP: C-reactive protein

NHANES: National Health and Nutrition Examination Study
HbA1lc: Glycosylated hemoglobin

ESRD: End-Stage Renal Disease

IHD: Ischemic Heart Disease

CVD: Cardiovascular Diseases

IL-1B, IL-6: Interleukins 1P and 6

PGE2: Prostaglandin E2

TNFa: Tumor Necrosis Factor alpha

RANKL: Receptor activator of nuclear factor kappa-B ligand
AGE: Advanced Glycosylation End-products

RAGE: Receptor of advanced glycosylation end-products
MMP: Extracellular Matrix Metalloproteinases

PMN: Polymorphonuclear leukocytes

ROS: Reactive Oxygen Species
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