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ABSTRACT
Oral health is an integral component of the general health. There is increasing evidence to suggest that oral health and
systemic health are interrelated to each other. Evidence indicates that diabetes mellitus has a major role in altering the
oral environment. The oral manifestation is generally seen in uncontrolled or poorly controlled diabetic patients due to
reduction in defense mechanism and the increased susceptibility to infections. Both advanced periodontal disease and
dental caries may lead to the loss of teeth. Xerostomia is also a common symptom in diabetics. Hypo salivation and
changes in salivary composition may contribute to the increased susceptibility to oral infections, impaired wound healing
and increased rate of dental caries in diabetics. Fungal infections are more common in type 1 and type 2 diabetics than
in non-diabetics and the oral infections appear to be more severe in diabetics than in non-diabetics. Periodontal disease
is considered as a sixth complication of diabetes mellitus. The other frequently encountered clinical signs are, gingival
polyps, periodontitis, periodontal abscess, loosened teeth due to bone loss, delayed post surgical healing and striking
enlargement and erythema of the attached gingiva.
It is worth to review the available literature so that one can have a comprehensive knowledge and understanding of the
oral manifestation related to diabetes mellitus which in turn will help dentists in taking necessary precautions, while
delivering oral health care services for patients with diabetes mellitus.
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INTRODUCTION
Human beings are suffering from diseases and have
been combating with diseases to control its
evolution. Even though man has given remedies for
many diseases, newer challenges still exist in the
form of lifestyle related diseases. Under such
disease, diabetes is considered to be a common
systemic disease which is threatening human
survival.
Diabetes mellitus designates a group of metabolic
diseases characterized by hyperglycemia due to
insufficient insulin secretion or reduced insulin
sensitivity, associated with abnormal glucose, lipid
and
protein
metabolism.
The
chronic
hyperglycemia leads to an increased risk of
developing
microangiopathy,
accelerated
atherosclerosis, neuropathy and impaired wound
healing.[1] It is well known that diabetes has
profound impact on oral health status of an
individual. [2]
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Diabetes currently affects almost 200 million
people worldwide. International diabetic federation
estimates that this figure will increase to 333
million by 2025.[3] India has the highest prevalence
of diabetes and it is predicted to become “Diabetic
capital of the world”. Almost 1/6th of world’s
diabetic patients are found in India alone and only

10% of these patients in India receive appropriate
treatment. [4]
Diabetes mellitus is a clinical syndrome which is
characterized by different types.
Type 1 diabetes - Destruction of insulin-producing
pancreatic β-cells due to a T-cell mediated
autoimmune process. The cause may also be
idiopathic and found usually in normal body weight
or thin, mainly adolescents aged under 30 years.
Often abrupt onset with symptoms of insulin
deficiency (polyuria, polydipsia, weight loss, and
fatigue), may present with ketoacidosis and
exogenous supply of insulin is vital.. [1]
Type 2 diabetes - Develops due to a combination
of insulin resistance and impaired insulin secretion.
Most individuals aged over 40 years, often
overweight or obese, few classical symptoms of
hypoglycaemia, not prone to ketoacidosis except
during stressful periods. Exogenous insulin supply
is not vital, but as the disease progresses and
endogenous insulin secretion decreases, most
patients will require insulin therapy, either alone or
in combination with oral hypoglycemic agents. [1]
Other specific type’s - Genetic β-cell functional
defects, exocrine pancreatic disorders with
secondary diabetes, autoimmune endocrinopathies
with secondary diabetes, drug-induced diabetes,
infection-induced diabetes, etc.
Gestational diabetes - Impaired glucose tolerance
occurring during pregnancy. Usually disappears
after delivery. Mostly affects women with a
familial predisposition to diabetes and who are
overweight. Women who have had gestational
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diabetes are at increased risk for later developing
type 2 diabetes.
Diabetes varies considerably around the world and
it is related to differences in genetic and
environmental factors. The initial classical
symptoms of diabetes mellitus include
polydipsia,
polyphagia,
polyuria,
fatigue,
weakness, irritability, weight loss and pruritus.
The diabetic complications are related to chronic
hyperglycemia, which results in alterations in blood
vessels, nerves and connective tissue. Diabetic
complications affect eyes, kidneys, nerves, heart,
blood vessels and oral cavity.[5]
Several studies have shown that both type 1 and
type 2 diabetes mellitus are associated with an
increased risk of developing oral diseases,
including periodontal disease, oral candidiasis,
dental caries, salivary gland hypofunction, sialosis
and taste impairment.[6,19]
Conversely, control of periodontal infections seems
to have beneficial effects on the metabolic control
in diabetics.[7] Hence, an attempt has been made to
know the association between diabetes mellitus and
oral manifestations and the impact of diabetes on
oral health.
Periodontal Disease
Epidemiological
and
clinical
evidence
demonstrates that periodontal disease is more
prevalent and more severe in both type 1 and type 2
diabetics as compared to non-diabetics.[8,9]
Periodontal disease has been referred to as the
sixth complication of diabetes mellitus.[10] In
addition study has reported an association between
poor metabolic control and worst periodontal status
in both type 1 and 2 diabetics,[11] but this
association has not been supported by the results of
several other studies. [12]
In type 2 diabetes, the risk for periodontal disease
is estimated to be two to three-fold that of nondiabetics.[13] It has been reported that the risk for
periodontal disease and its progression increases
with the patient’s age, duration of diabetes,[9] the
presence and severity of diabetic complications and
the degree of metabolic dysregulation[10,11,14] found
significantly more periodontal disease in terms of
probing depths (≥5 mm) or attachment loss in
diabetics than in non-diabetic controls in the age of
40-49 years, and consequently concluded that age
at time of diagnosis has an impact on the extent of
periodontal disease. However, it has also been
shown that the prevalence and extent of periodontal
disease in diabetics is not associated with age.
[8,13,15]

Children and adolescents with poorly controlled
type 1 diabetes appear to have more advanced
gingivitis as compared to non-diabetics, despite
comparable plaque indices and level of oral
hygiene.[14] The extent of gingival bleeding is most
prominent in patients with newly diagnosed type 1

diabetes, and improvement of the metabolic control
by intensified insulin treatment reduces the extent
of gingival bleeding.[14] Furthermore, some studies
have found that children and adolescents with type
1 diabetes have significantly deeper periodontal
pockets and more extensive attachment loss than
age-matched controls,[16] while others have not
found any differences.[17] However, substantial
evidence indicates that adult type 1 diabetics with
poor metabolic control have more extensive
attachment loss,[12] alveolar bone loss[18] and deeper
periodontal pockets than well controlled type 1
diabetics.[19] Moreover, the severity of periodontal
disease seems not only related to long-term poor
metabolic control, but also to the presence of
diabetic complications.[19]
Poor oral hygiene, poor metabolic control, current
cigarette smoking and irregular dental care with
long-term diabetic complications seem to have
more risk for developing periodontal disease.[20]
Health behavior which is closely related to
psychological characteristics such as self-efficacy,
is an important factor that should be considered,
when the risk for periodontal disease is evaluated.
Thus, poor adherence to both diabetes regimens
and dental treatment is associated with poor
metabolic control and oral diseases. [21]
The response to non-surgical periodontal treatment
has been shown to be equal among diabetics and
non diabetics, provided regular plaque control is
ensured by frequent dental visit follow-ups.[22]
Evidence suggests that elimination of periodontal
infection improve tissue sensitivity to insulin and
thereby the metabolic control. Indeed, study has
shown that non-surgical periodontal treatment can
have a positive effect on HbA1c levels in diabetics,
reducing the need for insulin.[7] In a study the
metabolic status improved most significantly in
patients who received systemic antibiotic therapy
with doxycycline in addition to conventional
periodontal treatment. The reduced HbA1c levels
were ascribed to the beneficial effect of antibiotics
on the periodontal pathogens.[23]
The underlying pathogenic mechanisms behind the
increased risk for developing periodontal disease in
diabetes are still not clear. The advanced
periodontal disease has been ascribed to a number
of structural and functional hyperglycaemia-related
alterations, such as thickening of the basement
membranes of blood vessels (microangiopathy),
which leads to deterioration of the microcirculation
in the periodontal tissue and consequently to
decreased supply of oxygen and nutrients to the
tissues and accumulation of harmful metabolites;
impaired
functions
of
polymorphonuclear
leukocytes leading to abnormalities of adherence,
phagocytosis and chemotaxis; impaired gingival
fibroblast proliferation and collagen synthesis;
enhanced collagenase activity; and formation of
AGEs, which bind to monocyte receptors, thereby
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inducing production of inflammatory mediators
such as tumour necrosis factor, prostaglandin E-2
and interleukin-1, and genetic predisposition for
Gram-negative infections.[6,16] These mechanisms
may lead to impaired host resistance to infection
and accelerates inflammatory host response which
results in loss of periodontal fibres, alveolar
supporting bone and eventually loss of teeth.[24]
Early microbiological reports indicate that the oral
microbial flora is changed due to increased levels of
glucose in saliva and crevicular fluid. It has been
shown that type 1 diabetics have more
Capnocytophaga in their periodontal pockets, [25] and
a higher proportion of gram-negative bacteria in
their dental plaque than non-diabetics, but other
studies have not supported these findings, since they
found no significant changes in the microbial flora in
type 1 diabetics.[26] It has also been reported that the
duration of diabetes, type of diabetes and metabolic
control of the disease have no significant influence
on the prevalence of periodontal pathogens such as
Actinobacillus
actinomycetemcomitans,
Fusobacterium nucleatum,
Eiknella corrodens,
Porphyromonas
gingivalis
and
Prevotella
intermedia.[27]
In summary, strong evidence suggest that diabetes
is associated with an increased risk for developing
periodontal disease, especially in diabetics with
inadequate
metabolic
control.
Conversely,
periodontal treatment seems to improve the
metabolic control of diabetes suggesting a
bidirectional relationship between the two diseases.
The increased susceptibility to periodontal disease
may be explained by hyperglycaemia related
alterations in the inflammatory host response.
Dental Caries
Results are conflicting as to whether diabetics have
an increased risk of developing dental caries. Thus,
some cross-sectional and controlled studies have
found no difference in the prevalence of caries
between diabetics and non-diabetics.[28] A higher
caries experience and incidence has, however, also,
been demonstrated among diabetics as compared to
non-diabetics.[29] An association between metabolic
control and dental caries has been reported in type
1 diabetics.[30] Increased caries activity and
experience have been found in children and
adolescents with type 1 diabetes of short duration
and poor metabolic control, i.e., HbA1c values
>10%, but once metabolic control has been
stabilized, caries activity often decreases.[28]
Elevated salivary glucose concentrations reduced
salivary flow rates and low salivary pH is wellknown risk factors for dental caries, salivary flow
rates and salivary glucose levels have been found
to be inversely correlated in type 1 diabetics. High
salivary glucose concentrations have also been
shown to correlate with high blood glucose
concentrations. In addition, increased salivary

glucose concentrations have been related to an
increased number of lactobacilli and yeasts in the
saliva.[31]
Literature provides a good evidence base to suggest
that diabetics have a higher predilection for
periodontal disease and gingival recession. The
study showed that root caries scores were more
among diabetics compared to non-diabetics. [32] For
this reason, microorganisms which are less aciduric
and acidogenic than lactobacilli and mutans
streptococci can be assumed to play a role in the
development of root surface caries. Some strains of
A. Viscous and A. Naeslundii have shown to
induce root caries in experimental animals and
these species are consistently present in most
plaque samples obtained from human root
surfaces.[33]
A study has shown a positive correlation between
the frequency of carbohydrate intake and root
surface caries.[32] Other caries promoting factors
such as mouth movements and sugar clearance
may, however, be of great importance in
connection with the food intake of elderly.
In conclusion, evidence suggests that an increased
risk for dental caries in diabetes is related to poor
metabolic control, salivary gland hypofunction, and
high salivary glucose concentrations, which
promotes growth of Streptococcus mutans and
Lactobacillus.
Tooth Loss
A significant correlation between tooth loss and
type 1 diabetes has been reported. Diabetics are
about 5 times more likely to be partially edentulous
than non diabetics.[34] Both advanced periodontal
disease and dental caries may lead to the loss of
teeth. An association between diabetic peripheral
neuropathy and autonomic parasympathetic
neuropathy and tooth loss has been found. A
possible explanation for this association may be
that autonomic neuropathy can reduce salivary
flow rate, which can lead to tooth decay and hence
tooth loss. The consequences of being partially or
completely edentulous not only include changes in
personal appearance, but also impairment of
masticatory function and avoidance of certain
foods, and ultimately poor diet quality and poor
nutritional status. Thus, replacement of missing
teeth, particularly the posterior tooth pairs, is
important in order to avoid persistent oral health
problems.[35] Placement of endosseous dental
implants may be a preferable alternative to
conventional dentures in partially or completely
edentulous diabetics, who have susceptibility to
oral candidiasis, traumatic ulcers and who suffer
from hyposalivation. Placement of dental implants
has been reported to be just as successful as in the
general population, provided that the patients
exhibit adequate metabolic control and adherence
to oral hygiene regimens. On the other hand, the
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failure rate appears to increase after about one year,
which could indicate that implant failure is related
to uncovering of the implants and to the early phase
of
implant
loading.
Diabetes-related
microangiopathy leading to impaired immune
response and reduced bone turnover has been
suggested as an important risk factor to implant
failure. [36]
Xerostomia, Salivary Gland hypofunction, and
Sialosis
Xerostomia, the term for the subjective sensation of
a dry mouth, is a common symptom in diabetics.
The prevalence of xerostomia is 16% among type 1
diabetics with disease duration of 10 years, and
54% among type 2 diabetics with similar duration.
[37]
The marked variation in prevalence may be due
to the fact that type 2 diabetics often are older, have
more long-term diabetic complications and
concomitant medical disorders, and take more
medications that may cause xerostomia and
hyposalivation than type 1 diabetics. Several
studies of both type 1 and type 2 diabetics have
shown that the sensation of oral dryness is related
to a reduced flow rate of both unstimulated and
stimulated whole saliva. [38] Poorly controlled
(defined as HbA1c >9%) type 2 diabetes appear to
have lower stimulated parotid flow rates than those
who are well controlled. In children and
adolescents with type 1 diabetes, high blood
glucose values, but not high HbA1c values, are
associated with low stimulated whole saliva flow
rates and high salivary glucose concentrations. The
glucose concentration in the saliva is assumed to
increase at blood glucose values of 10-15
mmol/l.[39]
Salivary composition, including antimicrobial
substances, total protein, electrolytes, salivary pH
and buffer capacity has also been investigated, but
the results are contradictory, regarding both whole
saliva, and saliva collected separately from the
parotid glands and the submandibular or sublingual
glands.[40] The contradictory results may reflect
differences in the selection of patients (age,
duration of disease, metabolic control and
medication) and methodology. Salivary flow rate,
salivary pH, buffer capacity or microbial counts
have not been found to correlate with the duration
of
diabetes. [38] A recent study found lower
salivary pH, buffer capacity and salivary
peroxidase activity in children with type 1 diabetes
than in healthy controls. Total salivary protein
concentrations have been found to be similar in
diabetics as compared to non-diabetics. Increased
concentrations of salivary potassium, salivary
calcium and amylase have also been reported. [40]
The pathogenetic mechanisms behind diabetesrelated changes in salivary gland function remain
unclear. Dehydration, as the result of prolonged
hyperglycaemia and consequently polyuria, is

considered a major cause of xerostomia and
salivary gland hypofunction
in diabetics. However, dehydration alone cannot
explain the functional changes of the salivary
glands. Lymphocytic infiltrates have been observed
in labial salivary gland tissues of children with type
1 diabetes, indicating that the salivary gland tissue
may be a target for the same autoimmune process
as the pancreatic b-cells.[41] Gradual degeneration
of salivary gland tissue can lead to salivary
hypofunction and altered salivary composition. In
addition, 10-25% of type 1 or type 2 diabetics may
develop a bilateral asymptomatic enlargement of
the parotid glands and, more rarely, of the
submandibular glands, known as diabetic sialosis.
[42]
Histologically the salivary gland tissue from the
enlarged parotid glands and the submandibular
glands is characterized by fatty infiltration, fibrous
tissue, enlargement of acinar cell and reduction in
acinar tissue, but without signs of inflammation. [43]
The two frequently occurring degenerative
complications of diabetes mellitus, autonomic
neuropathy and microangiopathy, are thought to
contribute to the development of structural
alterations in the salivary gland tissue and thus the
hypofunction of this gland by affecting the
autonomic innervation and the microcirculation of
the glandular tissue. However, patients with
diabetic neuropathy have been reported to have
both increased and decreased salivary flow rates.[44]
In summary, there is no consensus on the
association between diabetes mellitus and salivary
gland dysfunction. However, xerostomia and
salivary gland hypofunction are commonly
reported among diabetics, and may be indicative of
poor metabolic control. In addition, hyposalivation
and changes in salivary composition may
contribute to the increased susceptibility to oral
infections, impaired wound healing and increased
rate of dental caries in diabetics.
Oral Candidiasis
Fungal infections are more common in type 1 and
type 2 diabetics and appear to be more severe in
diabetics than in non-diabetics.[45] Candida albicans
is the most common species isolated from the oral
cavity of diabetics, and of non-diabetics.
Substantial evidence suggests that the carriage
frequency and the density of candidal colonization
are increased in diabetics as compared to nondiabetics.[46] It remains controversial whether the
diabetes itself increases the risk of candidal
carriage and whether the increased candidal
carriage actually reflects clinically manifest
infection. Several studies have shown that poor
metabolic control, high concentrations of glucose
in blood and saliva, longer disease duration and the
presence of diabetic complications (retinopathy)
are associated with increased candidal carriage and
clinical manifestations of candidiasis.[45] High
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concentrations of glucose in the blood and saliva
may promote growth and enhance adherence of
yeasts to epithelial cell surfaces. Also the impaired
functions of polymorphonuclear leukocytes leading
to reduced phagocytosis, intracellular killing and
chemotaxis may contribute to the increased
colonization
of
Candida
and
increased
susceptibility to oral candidiasis. However, a
substantial number of local and systemic factors
that are not related to diabetes may also influence
candidal carriage status and the susceptibility to
oral candidiasis. These factors include gender, oral
hygiene habits, smoking habits, intake of
medications, denture wearing, salivary flow rate,
and
salivary
composition.[46]
Inadequately
controlled diabetics who wear dentures have a
higher oral candidal load and higher prevalence of
denture stomatitis than non-diabetic denture
wearers.[45] Furthermore, low salivary flow rates
and low salivary pH have been found associated
with high incidence of Candida. [47]
Oral infection with Candida may clinically present
as median rhomboid glossitis, atrophic glossitis,
denture stomatitis, pseudomembranous candidiasis
and angular cheilitis. Oral candidiasis may be
accompanied by burning mouth sensations, taste
disturbances (usually metallic taste) and sensation
of dry mouth. The presence of median rhomboid
glossitis and denture stomatitis has been found to
be related to long disease duration, long-term
diabetic
complications
(nephropathy
and
retinopathy), poor metabolic control and smoking.
[45]

In conclusion, diabetics have a high rate of oral
candidal carriage and an increased risk for oral
candidiasis, which is related to poor metabolic
control, high concentrations of glucose in the blood
and saliva, reduced salivary flow rates, low saliva
pH and a reduction in antimicrobial substances in
the saliva. However, other risk factors such as oral
hygiene, smoking and dentures also have a
substantial influence on oral candidal status in
diabetics and their susceptibility to oral candidiasis.
Other Oral Mucosal Lesions
An increased occurrence of oral lichen planus has
been observed in both type 1 and type 2 diabetics
as compared to healthy controls.[48] However study
has reported a low prevalence of oral lichen planus
in diabetics and not being significantly different to
that of healthy non-diabetic controls. The
occurrence of diabetes mellitus in patients with oral
lichen planus has also been examined and varies
from 1.6- 37%.[49] The contradictory results may
reflect differences in the criteria used for
diagnosing both diabetes mellitus and oral lichen
planus. An increased occurrence of oral
leukoplakia has also been observed in both type 1
and type 2 diabetics as compared to healthy
controls. Oral leukoplakia, as well as oral lichen

planus lesions, was most prevalent in insulintreated diabetics, who were smokers and
approximately 2 years disease duration.[48]
An increased prevalence of fissured tongue has
been observed in diabetics as compared to nondiabetics and especially in older type 1 diabetics
with longer disease duration and complaints of dry
mouth. [50]
In general, type 1 diabetics have an increased risk
for oral mucosal lesions, in particular fissured
tongue, irritation fibromas and traumatic ulcers as
compared to healthy controls and the risk is related
to age, duration of diabetes and the presence of
diabetic complications.
Taste Impairment
Several reports indicate that the ability to detect
and recognize sweet, salty and bitter taste is
impaired in both type 1 and type 2 diabetics.
Electrogustometric studies have revealed that
hypogeusia and ageusia are significantly more
prevalent in type 1 and type 2 diabetics than in
non-diabetics. Accordingly, 33-73% of type 1
diabetics and 40% of type 2 diabetics fulfil the
criteria for hypogeusia. Ageusia has been found in
3% of type 1 diabetics and 5% of type 2 diabetics.
It has been suggested that the impaired taste acuity,
especially for sweet, can lead to hyperphagia and
increased intake of sugar, and hence obesity and
impairment of the metabolic status.[51] In newly
diagnosed type 2 diabetics, taste impairment of
glucose and salt, partially reversed after correction
of hyperglycaemia with diet and oral
hypoglycaemic agents suggesting an association
between blood glucose concentrations and taste
acuity. Taste impairment has also been found
associated with long disease duration and longterm diabetic complications, particularly peripheral
neuropathy. However, taste impairment has also
been observed in diabetic patients without
peripheral and autonomic neuropathy. Several
other factors such as salivary gland hypofunction,
intake of medications and smoking may be
responsible for impaired taste acuity and should be
considered when evaluating the relationship
between taste impairment and diabetes. [52]
Burning Mouth Sensation
Many diabetics complain of burning sensations in
the oral cavity. The burning mouth sensations have
been found related to increased candidal density
and Candida-associated stomatitis. It has therefore
recently been suggested that the sensation of
burning mouth in diabetics occurs via stimulation
of the capsaicin receptor by Candida metabolites,
since capsaicin receptors are responsible for the
detection of pain-producing chemical and thermal
stimuli. An association between poor metabolic
control and burning mouth sensations has also been
suggested. The report further indicates that burning
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mouth sensation is an early sign of undiagnosed
diabetes.[53] On the other hand, burning mouth
sensations have been associated with long disease
duration. Thus, glossodynia has been reported in
18% of type 2 diabetics with disease duration of 13
years. It has been suggested that glossodynia is an
oral manifestation of peripheral neuropathy, a
common
long-term
diabetic
complication.
However, several local and systemic conditions
may be accompanied by burning mouth sensations,
including such as hyposalivation and oral habits
like tongue thrusting and haematinic deficiencies.
Persistent burning mouth sensations are also the
cardinal symptom of burning mouth syndrome, a
condition of remaining unknown etiology, although
numerous potential etiological factors have been
proposed including diabetes mellitus.[54]
Impaired Wound Healing
Impaired wound healing is a prevalent
complication of diabetes mellitus. The underlying
pathophysiological mechanisms of impaired wound
healing in diabetics are, however, poorly
understood. Wound healing is a multi-step process
that includes an inflammatory response,
granulation tissue formation, wound closure and
angiogenesis, and tissue remodeling.[55] An
adequate blood and nerve supply is required for
efficient wound healing. In diabetics, several
structural and functional hyperglycaemia-related
abnormalities are thought to contribute to impaired
wound healing. [56] Interaction of AGEs with the
receptor for AGEs (RAGE) results in an
exaggerated
inflammatory
response
and
compromised collagen production, which can lead
to impaired wound healing.[57] Recent clinical
studies indicate that the use of growth factors offer
promising future therapeutic possibilities for
enhancing wound healing. [58]
Dentists being health care providers are
encountering an increasing number of patients with
known or undiagnosed diabetes. Dentists can play
an important role in identifying children and adults
who are at risk of developing diabetes mellitus.
Regular dental visits provide an obvious
opportunity for prevention of the disease among
healthy individuals and for screening children and
adults with early signs and symptoms suggestive of
diabetes. Early intervention in patients at particular
risk, e.g., overweight children, may include dietary
counselling to reduce sugar intake and thus
contribute in reducing the risk of developing both
obesity and dental caries. Diabetics with poor
metabolic control are at higher risk for oral
diseases, and may develop complications following
dental procedures. Preventive measures that focus
on decreasing the risk, incidence, and consequences
of diabetes will help in reducing human sufferings
from diabetes mellitus.
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