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The biochemical aspects of diabetes in

oral health
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Abstract

Apart from the many other complications due to high blood
sugar, people with uncontrolled diabetes are three times
more likely to develop periodontal disease (gingivitis and
periodontitis). Other complications include halitosis, dry
mouth, taste disorders, aphthous stomatitis and oral precan-
cerous infections. Periodontitis is the advanced stage of deep
inflammation of tissue and the loss of connective tissue. The
breakdown of the collagen of the periodontal ligament
fibres leads to a periodontal pocket between the gum and
the tooth followed by loss of the tooth. It has been shown
that people with diabetes have 4-5 times more glucose in
their saliva than people without diabetes. This hypergly-
caemia will play a vital role in the growth of bacteria,
whether in planktonic form or in the form of biofilm. Based
on the lipopolysaccharides released by bacteria, it has been
demonstrated that this hyperglycaemia increases the levels
of several cytokines and other mediators in saliva, and gingi-
val crevicular fluid increases oxidative stress in periodontal
tissues and leads to the formation of advanced glycation end
products (AGE). Therefore, if diabetes is not controlled, it rep-
resents a significant risk factor in the aetiology of periodontal
disease, but more intriguing still is the notion that this link is
reciprocal - serious periodontitis affects the control of blood
glucose and could exacerbate diabetes. Today, the most
widely used treatment by dentists is scaling and root planing
every 90 days, in addition to the administration of antibiotics,
despite the fact that antibiotic-resistant micro-organisms are
becoming more and more prevalent. Periodontal infection
alters the biological activity of saliva. So why not focus on this
activity, which represents a first-line non-immune defence
mechanism for overall health? In many cases foaming tooth-
paste is recommended even though these preparations de-
activate salivary protective molecules. It follows, therefore,
that reinforcing saliva on a daily basis could lead to better
control of bacterial growth, less oxidative stress, improved
immune defences and healing and, above all, avoidance of
periodontal complications and bone loss. Numerous research
results have shown that several molecules which exist natu-
rally in saliva — such as lactoferrin, lysozyme, lactoperoxidase
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system, growth factors and superoxide dismutase — play an
essential role in protecting human oral health. Incorporating
these natural molecules into oral hygiene formulations could
lead to better daily oral health in diabetics and even in peo-

ple without diabetes.
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Introduction

Diabetes is a serious health problem requiring daily rituals to keep
it under control. Its prevalence around the globe is devastating.
According to the World Health Organisation, the number of
people with diabetes in the world has risen to more than 400 mil-
lion with an estimated increase to 550 million over the next 15
years.

As a general rule, the condition is characterised by raised blood
sugar. In addition, salivary glucose levels are up to four times higher
in a person with diabetes compared with a person without dia-
betes.! The potential complications arising from diabetes are seri-
ous, including cardiovascular diseases, stroke, liver deficiency,
blindness and amputation.? In addition, diabetes can lead to an in-
creased propensity to infection, a decrease in wound-healing and
a growth in morbidity and mortality as the disease evolves.

Diabetes is a metabolic disease linked to a dysfunction in gly-
caemic control leading to chronic hyperglycaemia. Type 1 diabetes,
known as insulin-dependent diabetes, is most commonly found in
children, although it can appear at any age. It is characterised as
an autoimmune disease where the B cells of Langerhans in the pan-
creas are destroyed by the immune system. On the other hand, type
2 diabetes produces resistance in liver and muscle tissue to the
action of insulin.

Above and beyond the numerous complications arising from
hyperglycaemia, uncontrolled diabetes poses the additional risk of
developing oral health problems such as yeast infections,® an in-
crease in caries, gingivitis and bone loss associated with periodontal
disease.*> Gingivitis and, ultimately, periodontitis — two common
diseases — are caused by pathogenic biofilm micro-organisms form-
ing on and around the teeth on a daily basis.® Gingivitis is the more
benign form of periodontal disease, where the inflammation is con-
fined to the gum area. This is reversible with an efficient, regular
oral hygiene routine. Periodontitis occurs at a more advanced stage,
with severe tissue inflammation and the consequential loss of con-
nective tissue. It is a slow progressive disease, but the destruction
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of periodontal tissue is then irreversible. In addition, bacteria located
in the periodontal pockets are pathogenic and highly inflammatory,
some of them having the ability to survive in the blood and infect
other parts of the human body.”®

Other complications directly related to oral health include
halitosis and dry mouth, which can lead to disorders of taste and
burning sensations, aphthous stomatitis and precancerous oral in-
fections.*1°

This review aims to describe how a new approach based on
natural biochemical molecules could solve the problems of oral
health in diabetes.

The biological links between diabetes and periodontal
diseases
Diabetes has been intensively studied by all branches of medicine.
There have been a number of studies investigating the oral conse-
guences of diabetes; however, unambiguous conclusions have been
drawn for the relationship between diabetes and periodontal
diseases." Many studies have confirmed higher plaque levels and
a higher incidence of chronic gingivitis both in adults and in children
with type 1 diabetes.? Juvenile periodontitis is rare in healthy sub-
jects and in those with type 1 diabetes, yet certain findings from
well-conducted studies — for example, differences in oral microflora
or the impact of metabolic control of diabetes on periodontal
health — indicate a higher risk of periodontitis in children with type
1 diabetes. With regard to the association of diabetes and dental
caries, the results of studies are inconsistent.'213 The fact that the
results of individual studies are often controversial is not due to
methodology differences but to the multifactorial aetiology of most
oral pathologies. However, it has been confirmed that some minor
risk factors for caries are more or less prevalent in a diabetic popu-
lation than in a non-diabetic control group. Even though there is
some controversy between the results of different studies compar-
ing the relationship between the rate of glucose in the saliva and
the crevicular fluid and periodontal diseases, the excess salivary glu-
cose creates a favourable environment for the development of
more and more pathogenic microflora. The epidemiological results
confirm that diabetes is a major risk factor for periodontitis, and
that people with diabetes are about three times more prone to have
periodontal diseases'*'¢ than those whose blood sugar is better
controlled, and these periodontal diseases are more severe,!"1>17.18
In addition, it seems we are dealing with a new paradigm in perio-
dontology knowing that excess glucose will automatically promote
the development of the microbial flora, especially organised in the
form of biofilms."'® Nevertheless, it is the level of inflammation that
will determine the composition of the flora and not the reverse.02’
This relationship means that people with diabetes are not only
more susceptible to periodontal disease, but also that these diseases
can have an adverse effect on the control of glycaemia,’ and that
there is therefore a two-way relationship between periodontal dis-
ease and high blood sugar.#'92224 A meta-analysis concluded that
there is a significant reduction in haemoglobin HbA1¢ after dental
hygiene treatment,?>?” due to the decrease in harmful bacteria and
inflammatory mediators that are present in periodontal infections.
These mediators affect the metabolism of glucose and lipids and
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prevent insulin from acting properly.?22628 It is only a small step to
come to the conclusion that non-diabetics with periodontal disease
can become diabetic.

In a review by Taylor et al of the biological mechanisms involving
diabetes in the pathogenesis of periodontal disease (steps and
arrows in blue in Figure 1), the authors show that hyperglycaemia
leads to excess salivary and crevicular glucose which plays a key role
on the bacteria, whether they are organised in planktonic form or
in biofilms.™ Figure 1 summarises the physiopathological events
between hyperglycaemia and periodontitis. However, current in-
formation supports the possible complex interaction involving as-
pects of inflammation, immune function, the activity of neutrophils
and the biology of cytokines.™ On the other hand, hyperglycaemia
increases the levels of several cytokines and mediators in saliva and
gingival crevicular fluid and activates oxidative stress and the for-
mation of advanced glycation end products (AGE) in periodontal
tissues. AGE-RAGE (AGE receptors) interactions lead to an exag-
gerated inflammatory response and periodontal tissue destruction,
as observed in diabetes.? In a similar way, periodontitis promotes
systemic oxidative stress and increases the serum levels of C-reactive
protein and other acute phase reactants. Unresolved chronic in-
flammation due to periodontal disease also has an impact on the
control of diabetes (high HbA1c and other complications.?® There-
fore, if diabetes is not controlled, it represents a significant risk fac-
tor in the aetiology of periodontal disease, but more intriguing still
is the assumption that this link may be reciprocal and that serious
periodontitis affects control of blood glucose and could exacerbate
diabetes.?-3!

Biochemical pathways: saliva
In the past, many scientific publications suggested antibiotic ther-
apy as a useful adjunct in the treatment of periodontal disease in
addition to curetage and radical scaling. Nowadays the American
Academy of Periodontology recommends caution in the use of an-
tibiotics for periodontal therapy due to side effects, the risk of
favouring resistant micro-organisms and the difficulty in completely
reaching the dental biofilm, which further favours the selection of
micro-organisms.3? Numerous side effects of antibiotic therapy can
appear, especially when used in combination with other common
drugs — for example, the use of metronidazole in patients receiving
warfarin.®

Figure 1 describes the various stages leading to hyperglycaemia
in periodontal disease and the loosening of teeth (steps and arrows
in blue). As can be seen, the diagnosis and treatment of periodon-
titis is based on the knowledge of biochemical and biological mech-
anisms related to bacterial growth (whether or not in biofilm), to
production of bacterial lipopolysaccharides (or endotoxins) inducing
inflammatory process, to direct versus indirect activation of osteo-
clasts,* and finally to saliva biology. It is shown in the scientific
literature that lactoferrin, a protein component of saliva, allows cells
from neutrophils and macrophages to present at the site of
inflammation (diapedesis) and that, by blocking the activity of the
bacterial lipopolysaccharides, the anti-inflammatory properties of
lactoferrin allows it to counter the production of cytokines (TNF-o
=11, Il-6)
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Figure 1. Biological mechanisms involving diabetes in the pathogenesis of periodontal diseases (inspired by the model in Taylor et al).®

X ,

AGE, advanced glycation end products; LF, lactoferrin; LP, lactoperoxidase; Lys, lysozyme; IG, immunoglobins; RAGE, AGE receptors; SOD, superoxide dismutase.
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A further factor is the antibacterial role of lysozyme, im-
munoglobulins and the salivary lactoperoxidase system, which
enables the destruction or inhibition of the pathogenic micro-
organisms and the control of bacterial biofilms. Also important is
the production of free radicals (reactive oxygen species) responsible
for the oxidative stress which will be eliminated by the action of
lactoferrin as an iron chelator, by the presence of superoxide dis-
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mutase, by vitamins E and C and glutathione as antioxidants, and
other biochemical markers of the inflammatory and immune re-
sponses. However, it is important to note that all these molecules
are present in saliva.

Like all exocrine secretions, saliva represents the first defence
system in preserving health and well-being against external factors.
Unfortunately, its importance is often overlooked by medical pro-
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fessionals, above and beyond its involvement in talking and taste
(qustin, mucin), chewing, swallowing and digestion (amylases,
lipase), in maintaining a neutral pH (bicarbonate and phosphate
ions) and in providing the ionic environment for the protection of
teeth (calcium, protein-rich in proline, phosphate ions). Saliva also
protects the tissues of the mouth (growth factors) from the harmful
effects of pathogenic micro-organisms, especially when they are
organised into biofilm (antibacterial molecules), by regulating the
formation of the oral flora: this represents one of the most impor-
tant functions of saliva.

When there is an excess of glucose in the saliva, numerous
micro-organisms colonise the oral cavity. They can easily develop,
resulting in dental plaque, especially located in the gingival sulcus
producing a proliferation of anaerobes at the origin of mucosal in-
flammation and the appearance of gingivitis. Classic signs and
symptoms of gingivitis include red, swollen and tender gums that
may bleed upon toothbrushing. If gingivitis is not treated, it can and
often will progress to periodontal disease. Periodontal disease is
associated with the accumulation of plaque and calculus which har-
bour bacteria and potent virulence factors, leading to destruction
of periodontal tissues and resorption of alveolar bone around the
teeth. The rapid growth of the adverse effects caused by micro-
organisms can unbalance the function of saliva. In addition, the
appearance of dry mouth only aggravates the phenomenon. ™

The antimicrobial functions of saliva are supported by several
molecules acting in synergy as follows:

Antibacterial: lactoferrin (LF) — lysozyme (Lys) — immunoglobins
(Ig) — salivary peroxidase system (LP) associated with the
mucosa cell dual oxidase (Duox) system.?

Wound healing: lactoferrin (LF) — growth factors (GF).

All these molecules are present not only in saliva but also in all
secretion liquids.

Lactoferrin is a 77,000 Dalton protein whose role is closely related
to the presence of iron. Its ability to bind iron enables the molecule
to inhibit the production of free radicals in the presence of super-
oxide ions of oxygen and hydrogen peroxide ions. It also has bacte-
riostatic activity®® and bactericidal activity?” against pathogenic
micro-organisms. Lactoferrin is able to prevent some micro-organ-
isms from organising into biofilm.3® When it binds to bacteria, the
molecule is able to release the lipopolysaccharides of micro-organ-
isms and to attach to these bacterial lipopolysaccharides.®® The lacto-
ferrin-lipopolysaccharide complex will limit and control the
production of free radicals by neutrophils and the production of
cytokines by macrophages.* In severe cases of periodontitis the
immune response of the cells appears unbalanced as the neutrophils
become hyperactive, leading to an increase in inflammation and
abnormal production of free radical oxygen. By sequestering iron,
lactoferrin can inhibit the production of the free radicals responsible
for oxidative stress.#1:42

Lysozyme is a 14,000 Dalton protein which is able to gather the

bacteria and inhibit the coagglutinations between bacteria®® or
reduce their glucose incorporation and subsequent acid produc-

96

tion.* The antibacterial activity of lysozyme has been demonstrated
by the cationic nature of the molecule. This antimicrobial activity is
attributed to an increase in membrane permeability followed by
electrolyte and osmotic changes inside the cell.%®

Immunoglobulins: The immune system involves the production of
immunoglobulins by activated B-lymphocytes. Immunoglobulins
form the basis of specific defence mechanisms in the saliva against
microbial flora. They can neutralise the virulent factors of certain
micro-organisms such as Streptococcus mutans by adhesion and the
production of acid.*®

The peroxidase system is a peroxidase enzyme associated with a
Duox system (which produces hydrogen peroxide molecules). It is
able to eliminate the hydrogen peroxide molecules by oxidising halo-
gen or pseudo-halogen ions.?* Peroxidase enzymes such as salivary
peroxidase or lactoperoxidase (LP) and the myeloperoxidase (MPO)
react according to the following general mechanism:

LPIMPO
H,0, + X » OX + H,0
X=: CI-, Br- or I (halogens) or pseudo-halogen SCN- (thiocyanate)

Superoxide dismutase (SOD): The anion superoxide 02~ is the
radical oxygen most abundantly formed by cells. To neutralise its
damage, cells have developed antioxidant defence systems. One of
these mechanisms is detoxification of the radical oxygen superoxide
by superoxide dismutase (SOD), thus producing hydrogen peroxide
(H,0,) which will be eliminated by the action of peroxidase (see
equation above). The transformation of the radical superoxide in
H,0, can be done spontaneously, but SOD will speed the reaction
up about 10,000 times, facilitating the halting of the chain reaction
at the outset.”

Vitamin E and vitamin C: These are two well-known antioxi-
dants.®®

Glutathione (GSH): Glutathione is a tri-peptide. In physiological
conditions the oxidised form (GSSG) is in a very low concentration.
In the case of oxidative stress, the concentration tends to decrease,
showing the reductive properties of glutathione.*® GSH reacts very
quickly with the reactive oxygen species.

Knowledge, attitudes and practices of care of oral health
in people with diabetes

Periodontal research has grown significantly over the past decades.
An exclusively surgical approach is progressively called into question
and has been abandoned for a more medical and biological
approach. In the past, the medical approach recommended for
subjects with diabetes, was conventional periodontal treatment such
as professional mechanical debridement carried out every 3 months
with doxycycline treatment or other antibiotics. Today, medical treat-
ment is more biological, consisting of the daily use of products de-
veloped on the basis of natural molecules similar to those
contained in the saliva. Indeed, this could limit the development of
periodontal disease in patients with diabetes. On the basis of the
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understanding of the mechanisms as shown in Figure 1 (orange
crosses) and as suggested in this document, this new strategy
should be developed taking into account the following criteria:
e To counteract the effect of the excess glucose in saliva and
crevicular fluid.
¢ To control pathogenic micro-organisms existing in biofilms by
pro- and anti-inflammatory action
¢ To control the action of AGE
¢ To control oxidative stress by neutralising excess free radicals
e To neutralise the activities of bacterial lipopolysaccharides
whether at the level of the development of periodontal disease
or at the level of bone resorption
¢ To promote periodontal healing
Given the impact of periodontal disease on diabetes and the ben-
efits of good oral health practices in reducing the risk of periodontal
disease, it is important that people with diabetes receive sufficient
information on the oral consequences of the disease and that they
adopt good oral hygiene practices.>® Several studies conducted
around the world have assessed the knowledge, attitudes and prac-
tices of people with diabetes in terms of oral care.*> However, the
conclusions of these results are not very positive. Such an assess-
ment is important because good knowledge and good literature
on oral health are positively associated with good behaviour in the
matter of oral health, such as increased frequency of tooth brushing
and visits to the dentist.>' In addition, the social determinants of
health have an influence on oral health-related behaviours.> Those
who are disadvantaged or from lower socio-economic groups often
have unhealthy habits, less knowledge and poor attitudes to oral
health and access to dental services, and are therefore more likely
to suffer from oral diseases.

However, when talking about best practices of oral hygiene
such as the use of toothpaste or mouthwashes, during the course
of their studies all scientists have been familiar with the use of elec-
trophoresis gels for the determination of the molecular weight of
proteins and enzymes. In fact, this technique shows that a solution
of protein molecules added to a detergent such as lauryl sulphate
or dodecyl sulphate or any other detergent denatures biological
molecules in order to better separate them on the basis of their
molecular weight. It is important to remember that most toothpaste
on the market contains these detergents as foaming agents and
that their use will completely denature the molecules contained in
saliva, thus rendering the extraordinary power of this secretion lig-
uid ineffective. Insufficient rinsing leaving traces of toothpaste in
the mouth can cause saliva to be non-active for several hours after
brushing, preventing the saliva from playing its protective role
against microbial invasions from outside and thus allowing excess
salivary glucose to fuel the growth of micro-organisms in the
mouth. This also applies when people with diabetes use a mouth-
wash containing alcohol, which damages the activity of salivary
molecules and increases the feeling of dryness in the mouth. Men-
tion should also be made of the use of antiseptics or other antibi-
otics which will tend to create resistant micro-organisms that are
more difficult to eliminate.

Another point to highlight is salivary secretion. In diabetes,
salivary flow is increased from a basal value of 1.18 mL/min to a
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~
&-%’ N2 Key messages
L

e |tis important that people with diabetes receive
information on the oral consequences of the disease
and that they adopt good oral hygiene practices

e |tisimportant not to use toothpaste containing
foaming agents such as lauryl sulphate, dodecyl sulphate
and others, or mouth rinse containing alcohol which
deactivate the extraordinary biological role of the
molecules contained in the saliva

e Using natural molecules which are normally present in
the saliva such as lactoferrin, lactoperoxidase and others,
will avoid creating resistant micro-organisms which can
be the case when using antiseptics or other antibiotics

stimulated value of 1.51 mL/min.' However, the treatments recom-
mended in the literature mention using toothpaste or mouthwash
morning and evening. In the case of a person with diabetes, what
happens during the day? There should also be solutions to use day
and night that have continuous action against excess salivary glucose.

(Translated from the original French)
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