
SUMMARY
Diabetes mellitus is one of the most common chronic diseases which 

continue to increase in number and significance. It presents the third most 
prevalent condition among medically compromised patients referring for 
dental treatment. Diabetes mellitus has been defined as a group of metabolic 
diseases characterized by hyperglycemia resulting from defects in insulin 
secretion, insulin action, or both. Hyperglycemia leads to widespread 
multisystem damage which has an effect on oral tissue. The present article 
summarizes current knowledge regarding the association between diabetes 
mellitus and oral and dental health.
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Classification and epidemiology of 
diabetes mellitus

Diabetes mellitus is defined as a group of metabolic 
diseases characterized by hyperglycemia resulting 
from defects in insulin secretion, insulin action or both 
according to American Diabetes Association. Although 
number of different classification of diabetes has been 
proposed, current classification is based upon the disease 
etiology1. Type 1 diabetes, characterized by the lack of 
insulin production resulting in severe hyperglycemia and 
ketoacidosis and includes immune mediated diabetes and 
idiopathic diabetes (5-10% of diabetic populations). 

Type 2 diabetes is characterized by insulin resistance 
mainly by altered insulin production but with certain 
capacity for insulin production without autoimmune 
destruction of β-cells (90-95% of diabetic population). 
Risk factors for this form of diabetes are overweight, 
obesity and age. It is more common in women with 
history of gestational diabetes mellitus and in those with 
hypertension or dyslipidemia. Type 2 diabetes commonly 
remains undiagnosed for a long time as hyperglycemia 
appears gradually and often without symptom, while 
ketoacidosis seldom occurs. 

Gestational diabetes mellitus refers to glucose 
intolerance of variable severity which is identified during 

pregnancy for the first time, regardless of possibility 
that the glucose intolerance may antedate pregnancy. 
Gestational diabetes significantly increases the risk for later 
development of type 2 diabetes mellitus. 

Other forms of diabetes mellitus are represented 
as genetic defects related to the β-cell or insulin action, 
exocrine pancreas diseases, diabetes secondary to 
autoimmune endocrinopathies, diabetes caused by drugs, 
chemicals, infections, rare forms of immune-mediated 
diabetes, and diabetes mellitus associated with genetic 
syndromes.

Diabetes mellitus presents one of the most frequent 
chronic diseases which continually grows in prevalence 
and significance. According to World Health Organization 
171 million people had diabetes in 2000 and it is predicted 
that this number will increase to 366 million by 20302. 
Other estimate by International Diabetes Federation 
suggested that the prevalence was 381 million in 2013, 
and that the increase in worldwide numbers will be 592 
million by 20353. These data indicate that the prevalence 
and incidence of diabetes mellitus is increasing, which 
could be attributed to demographic changes such as 
population growth and aging, or lifestyle change related 
to urbanization, as well as to the extended lifespan due to 
generally improved health of diabetic patients. 
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Oral complications in diabetes 
mellitus

Salivary findings 

Xerostomia, altered saliva secretion and composition, 
taste impairment, and burning sensation are common oral 
complications related to diabetic salivary glands.

Xerostomia
Xerostomia is defined as the subjective complaint 

of the oral dryness that implies change in the salivary 
composition and/or flow rate8. Patients with type 1 and 
type 2 diabetes mellitus complain of xerostomia more 
frequently than healthy controls9-11. Estimated global 
prevalence of xerostomia among diabetic patiens ranges 
between 34%-51%11. Symptoms of dry mouth in type 
1 diabetic patients have been linked with peripheral 
neuropathy9. Nevertheless, this association has not been 
confirmed among type 2 diabetes patients. Recent animal 
study provided evidence that alterations in nitric oxide-
tetrahydrobiopterin production correlate with reduced 
salivation and increased water intake, a typical symptom 
of xerostomia8. Higher rates of xerostomia were related to 
the female sex in type 210, but to xerogenic medication, 
current use of cigarettes, and more frequent snacking 
behavior in type 1 diabetic patients9. Glycemic control 
level seems to generally influence the susceptibility of 
type 2 diabetics to xerostomia12.

Salivary flow
Findings of salivary flow rates among patients with 

diabetes are conflicting13. Some studies have shown 
lower resting and/or stimulated salivary flow in both type 
1 and 2 diabetes mellitus9,14,15, whereas other authors 
have found no differences between diabetic patients and 
controls16. Decrease in salivary flow in type 2 diabetic 
patients is less severe compared to type 1 diabetes. Some 
authors contend that hyposalivation is related to elevated 
blood glucose concentration9. Namely, dehydration linked 
to increased blood glucose may enhance osmotic gradients 
in gland and thus decrease salivary secretion,9. Besides, 
decreased salivary flow in type 1 or type 2 diabetes 
has been associated with poor control of diabetes9,15, 
xerogenic medication9, presence of peripheral neuropathy9 
and obesity–insulin resistance13. 

Recently, it has been hypothesized that beside 
hyperglycemia, decreased salivary secretion might be 
induced by dyslipidemia and hyperinsulinemia which 
give rise to oxidative stress, inflammation, sympathetic 
activity, and alter insulin signaling in the salivary gland13, 
eventually resulting in gland degradation. Furthermore, 
findings of another recent publication suggest that salivary 
gland hypofunction in type 2 diabetes patients might be 
associated with genetic polymorphisms of chromogranin 
A, secretory glycoprotein which is supposed to give 

Diabetes mellitus induced 
complications

Hyperglycemia due to diabetes mellitus lead to 
generalized damage that affects multiple systems, 
particularly microvascular changes (microangiopathy) 
with thickening of the capillary basement membrane 
(includes retinopathy and nephropathy), macrovascular 
disease (macroangiopaty) with accelerated arteriosclerosis 
(includes coronary artery disease, cerebrovascular disease, 
and peripheral vascular disease), neuropathy affecting 
somatic and autonomic nervous system, and oral disease4. 
Beside these chronic complications, diabetes could cause 
acute complications such as hyperosmolar hyperglycemia, 
diabetes ketoacidosis, and acute infection4. 

Microvascular changes are hallmark of many 
diabetic complications. Sustained hyperglycemia induces 
production of advanced glycation end products (AGEs) 
from proteins and lipids. AGEs are considered to stand 
in the basis of a variety of diabetic complications. AGEs 
often form on collagen, which precipitates in large blood 
vessels walls, and cause accumulation of low-density 
lipoprotein, thus contributing to atherosclerotic changes 
(macrovascular complications)5. AGE-modified collagen 
also plays a role in thickening the basement membrane 
in the small blood vessels leading to alterations in 
homeostatic membrane transport5. AGEs formation 
and microvascular complications have been associated 
with elevated level of vascular endothelial growth factor 
(VEGF). AGEs receptors (RAGE) have been found on 
the surfaces of smooth muscle cells, endothelial cells, 
fibroblasts, neurons, lymphocytes and monocytes/
macrophage6. Hyperglycemia increases expression of 
RAGE while AGE-RAGE interaction on monocytes 
induces an oxidative stress and the activation of nuclear 
factor kappa B (NF-kB) and consequently increases 
the secretion of proinflammatory cytokines including 
interleukin-1β (IL-1β) and tumor necrosis factor-α 
(TNF-α)7. Increased production of these mediators is 
recognized as critical in the inflammatory process. AGE-
RAGE interaction on endothelium enhances vascular 
permeability and thrombus formation7. Vascular problems 
cause increased risk for infection, as well as its severity 
and duration due to reduced oxygen diffusion across the 
capillary wall, neutrophil microbicidal suppression and 
failure in delivering hummoral and cellular components 
of the immune system. Changes in collagen metabolism 
are common findings in diabetic. As a consequence, 
synthesized collagen is rapidly degraded by higher level 
of matrix metalloproteinase (MMP), while AGE-modified 
collagen accumulates in the tissue, altering wound 
healing. Diabetes has a negative impact on bone healing 
by reducing the expression of genes responsible for 
differentiation of the osteoblasts and by decreasing growth 
factor and extracellular matrix production. 
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or prediabetes, about 6% showed changes in sweet taste 
perception and about 9% showed salt taste disorder23. 
Taste impairment may impede the maintenance of a 
proper diet, because of the loss of the sweet and salty taste 
sensation, with favoring sugary and/or salty food20,23. 
These changes are generally tolerated without complaint, 
and significantly associated with the complications and 
duration of diabetes. Namely, consumption of the large 
amounts of sugar and sodium, may rapidly enhance 
blood glucose level and hypertension23. A neuropathic 
mechanism, as well as the dryness of mucosa, decreased 
gustin production, zinc deficiency and coated tongue24 has 
been suggested to explain alteration in taste. Moreover, 
changes in sweet taste perception might be related to the 
general impairment in the sweet taste receptor, associated 
with low glucagon-like peptide 1 (GLP-1) secretion25 and 
enhanced glucose absorption26.

Burning sensation
Diabetes mellitus, especially if uncontrolled, might 

be associated with the burning sensation in the oral 
mucosa27. In addition, diabetes control results in the 
improvement of oral burning28. Burning sensation in 
diabetic patients has been attributed to poor glycemic 
control, metabolic alterations in oral mucosa, angiopathy, 
candidiasis and regional neuropathy28. The neuropathic 
pain in diabetic patients has been reported as burning, 
tingling, or even as electric shock or stabbing sensation 
and present one of the most disabling symptoms in 
patients suffering from the painful diabetic neuropathy29. 
Painful diabetic neuropathy has been linked to the pain 
perception generated by a stimulus that does not usually 
provoke pain (allodynia) and increased response to painful 
stimuli (hyperalgesia)30. These pain sensations have a 
considerable and detrimental impact on the physical and 
psychological functioning, and correlate with the level of 
sleep disturbance, anxiety and depression31.

Other oral symptoms observed in the poorly 
controlled diabetics related to the diabetic neuropathy, 
comprise pain related clinical conditions such as 
trigeminal pain and temporomandibular joint disorder. 

Orofacial Pain
Available findings suggest that the oral nerve pain 

might be related to diabetic polyradiculopathy. Arap et 
al.32 explored the oral symptoms and facial somatosensory 
signs in patients with extraoral complications of painful 
diabetic neuropathy. According to their results, the 
majority (55 %) of the patients reported rhe orofacial 
pain, and the mean pain intensity was 5.6 by the visual 
analogue scale (VAS). Patients described the pain as 
fatigue (50%), throbbing, sensitive and queasy (about 
43% each), bothering (about 36%), or twinge, pinch and 
aching (approximately 28% each). In addition, higher pain 
thresholds were observed in the facial areas innervated by 
the trigeminal nerve and they were positively correlated 

contributions to the development of insulin resistance15. 
Impairment in salivary findings observed with increasing 
age in type 1 diabetes may partially be ascribed to the 
increased duration of diabetes9. On the other hand, it 
seems that duration of disease, age, and sex do not affect 
salivary flow rates in patients with type 2 diabetes. 
Decreased salivary gland function has been reported to 
be incriminated in the pathogenesis of candidiasis17, and 
associated with the increased risk of dental caries9,17 and 
periodontitis18.

Sialosis
In certain percent, patients with long history of 

diabetes may develop sialosis19. Tis pathology comprises 
bilateral, painless, non-inflammatory, non-neoplastic, but 
degenerative glandular enlargement, which usually affects 
parotid glands. It is related to an alteration in the neuro-
anatomic regulation of the gland due to demyelinization 
and consequent atrophy of the mioepithelial cells20. 
Hystopathologically, increase in glandular size is 
characterized by fatty infiltration of the stroma, ductal 
dilatation, and reduced size of the acini. According to the 
more recent reports, benign parotid hypertrophy might 
be related to the enlargement of acinar cells, probably 
as a result of an interruption in the protein synthesis 
and release19. It has been stated that the enlargement is 
accompanied by the salivary hypofunction, or that the 
salivary function is generally preserved.

Salivary composition
Composition of saliva has also been examined 

and certain changes in the quality have been observed 
in both type 1 and type 2 diabetics in comparison to the 
healthy controls14. These disturbances include higher 
concentration of total sugars, glucose, α-amylase, urea, 
and acidic pH of resting saliva. In addition, resting and 
stimulated concentrations of salivary proteins, calcium, 
magnesium, and potassium ions were found to be 
increased, while zinc ions were decreased. Furthermore, 
concentrations of certain salivary elements varied in 
diabetics and healthy individuals regarding to the sex14. 
It has been hypothesized that microvascular changes and 
neuropathy may play a role in these changes12. Higher 
levels of glucose and decreased pH in saliva were linked 
to higher susceptibility of diabetics to the dental caries 
while more calcium and less zinc ions in the saliva 
may play a role in predisposition to the dental calculus 
formation and periodontitis in diabetic patients. Diabetes 
mellitus was associated with decrease in the secretion of 
immunoglobulin A suspected of influencing propensity to 
infections among diabetes patients 21.

Taste impairment
It has been previously reported that diabetic patients 

show altered taste sensations including hypogeusia for 
the primary tastes22. Among the patients with diabetes 
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of inflammation40. Diabetes increases inflammation in 
periodontal tissues and people with type 2 diabetes have 
higher levels  of inflammatory mediators such as IL-1β, 
TNF-α, interferon-γ (IFNγ), osteoprotegrin (OPG), 
IL-17 and IL-23, but also exhibit a downregulation 
of IL-4. There is a possible role for type 2 diabetes in 
modulating the level of receptor activator of NF-kB 
ligand (RANKL)/(OPG) in chronic periodontitis41. A 
limited number of studies have investigated the role of 
adipokines in periodontal disease and diabetes. Kardesler 
et al.42 found no effect of type 2 diabetes on serum leptin 
and adiponectin in chronic periodontitis, while in another 
study43 serum adiponectin was elevated  in type 1 diabetes 
patients with chronic periodontitis. Pradeep et al.44 

showed a possible association between pre-B-cell colony 
enhancing factor (Visfatin) and type 2 diabetes in chronic 
periodontitis patients. Also, neutrophil function is altered 
in the diabetic patients45. Oxidative stress in diabetes may 
activate periodontium pro-inflammatory mechanisms 
which could influence diabetes38. 

On the other side, there is an evidence to support a 
negative impact of periodontal disease on diabetes and 
much emphasis on the two-way relationship between 
these two diseases has been given. While diabetes 
significantly impacts the periodontium, there is also 
evidence that periodontitis may promote development 
of type 2 diabetes46. Also, periodontal disease 
adversely affects glycemic control46. Ulcerated pocket 
epithelium could constitute a chronic source of systemic 
challenge for bacterial products and locally produced 
inflammatory mediators such as TNF-α, IL-6 and 
IL-1 due to predominance of gram-negative anaerobic 
bacteria in periodontal infection47. All these important 
periodontal inflammation mediators are reported to 
antagonize insulin action48. Increased insulin resistance 
and poor glycemic control may occur as a consequence 
of chronic gram-negative periodontal infections48. In 
addition, periodontitis increase the risk for diabetic 
complication46,47. The prevalence and severity of non-
oral diabetes related complications such as retinopathy, 
diabetic neuropathy, proteinuria and cardiovascular 
complications are reported to be correlated with the 
severity of periodontitis39. The classic complications of 
diabetes may be closely associated with the periodontal 
disease, which lends further credence to the concept that 
periodontal disease may be the sixth complication of the 
diabetes. 

Intervention trials are of the most importance for 
determining the influence of the periodontal diseases on 
diabetes. The impact of periodontal therapy on glycemic 
control is often related to the changes in periodontal 
health after treatment. The changes in glycemic control 
may reflect changes in the gingival inflammation level. 
Recent systematic review and meta-analysis evaluating 
the effect of periodontal therapy on the outcome of 
diabetes in patients with type 2 observed moderate 

with the higher levels of glycated hemoglobin. Neuralgia 
in the orofacial region in conjunction with diabetes is 
rarely reported. However, in a diabetic woman, severe 
oral pain provoked by touch in the mandible area, tongue 
and gingival region have been observed, which led to the 
assumption of the involvement of the mandibular branch 
of the trigeminal nerve33. 

Although the data are scarce, there are certain 
indicators that suggest there is an association between 
diabetes and temporomandibular disorders (TMD). A 
study in Finnish population reported TMD in 27% of 
type 2 diabetic patients and in 16% of controls34. In 
addition, peripheral and autonomic parasympathetic 
neuropathies were identified as independent risk factors 
for temporomandibular dysfunction. According to the 
results obtained in another study, the prevalence of TMD 
in the group of participants with diabetes mellitus type 2 
and the neuropathic pain in peripheral diabetic neuropathy 
was similar to the values reported in general population, 
and the majority were classified as non-painful TMD 
diagnosis32. These findings need to be clarified in the 
future studies.

Periodontal disease
Diabetes has been described as a risk factor for 

periodontal disease. Although the majority of researches 
have focused on type 2 diabetes, type 1 diabetes appears 
to have an identical effect on periodontitis occurrence 
risk. Some young diabetic people develop periodontitis, 
but periodontal disease is much more common in diabetic 
adults. Diabetes may influence not only the prevalence 
but also severity and progression of periodontitis. Recent 
evidence reported increasing periodontitis prevalence 
with increasing levels of blood glucose in type 2 diabetes, 
namely, 19.2, 33.9, 46.3, 53.3, and 62.5% persons 
with periodontitis, apropos, in person with normal 
glucose level, prediabetes, newly detected diabetes, 
well-controlled (HbA1c<7.0%), and poorly-controlled 
(HbA1c≥7%)35. In addition, in uncontrolled diabetics 
both type 1 and type 2 periodontal destruction was more 
severe, with greater mean bone loss, attachment loss and 
tooth loss36,37. However, there is no unequivocal dose-
response relationship between glycemia and periodontitis.

There is a wide range of mechanisms by which 
diabetes adversely affects the periodontium. These 
mechanisms are not entirely understood but involve 
aspects of inflammation, immune functioning, 
neutrophil activity and cytokine biology38. The 
microbial composition of the subgingival biofilm 
between nondiabetic patients and those with type 1 and 
type 2 diabetes exhibit subtle differences, but clinical 
relevance of this is not clear39. The immune response to 
periodontal bacterial infection differs in diabetics by 
means that they do not develop antibodies to periodontitis 
associated pathogens. Both type 1 and type 2 diabetes 
are associated with elevated levels of systemic markers 
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inflammation was observed after pulp caping procedures 
in rats with streptozocin induced diabetes mellitus59. 

Dental caries
The findings regarding relationship between 

diabetes and coronal or root caries are not conclusive. 
In experimental models, prevalence and severity of 
dental caries is increased in diabetic animals and the 
poor metabolic control contributes to increased caries 
rate56. Another study denies such correlation60. Many 
cross-sectional clinical studies found higher prevalence 
of dental caries for subjects with diabetes both type 19,61 
and type 262,63. Also, positive correlation of caries with 
duration of diabetes62, type of diabetes62 and metabolic 
control has been reported62,63. On the contrary, a number 
of authors have not found the correlation between 
dental caries and diabetes, type of diabetes, duration of 
disease, metabolic control and the existence of diabetic 
complications64. The mechanisms by which diabetes 
could affect prevalence and incidence of dental caries 
are still debated, but reduced salivary flow, increase of 
carbohydrate in the saliva, increased level of oral yeasts, 
Mutans streptococci and Lactobacilli are some of the 
factors considered to play a role17.  

Apical periodontitis
Animal studies showed more pronounced periapical 

inflammation, larger periradicular lesion and greater 
root and alveolar bone resorption in diabetic rats 
compared to nondiabetic65. Human studies showed 
that the apical periodontitis was significantly higher 
in diabetic compared to nondiabetic individuals66,67, 
and that diabetic patients exhibit four times higher 
risk of apical periodontitis66. Furthermore, association 
between radiolucent periapical lesions and glycemic 
control of type 2 diabetic patients assessed by the mean 
HbA1c level was found67. Other found no association of 
diabetes with higher prevalence of apical periodontitis68. 
Recent systematic review was inconclusive regarding 
the relationship between diabetes mellitus and apical 
periodontitis prevalence69. Concerning the influence of 
diabetes mellitus on prevalence of root canal treated teeth, 
Lopez-Lopez et al.66 found that the likelihood of having 
at least one root filled was twice in diabetic patients than 
in nondiabetic subjects. Other failed to find association 
between diabetes mellitus or glycemic control in diabetic 
patients with prevalence of root filled teeth67. Several 
investigations studied the potential relationship between 
diabetes and root-filled teeth outcome and survival. The 
results of some studies showed that neither diabetes66 nor 
glycemic control in diabetics67 affected the endodontic 
outcome. On contrary, Fouad and Burleson70 found 
that patient with diabetes have a reduced likelihood of 
endodontic success in teeth with apical periodontitis 
comparing to controls, even after controlling for other 
risk factors. Significant difference in the prevalence of 

reduction in HbA1c49. Another review including patients 
with type 1 and type 2 diabetes showed that there is low 
evidence that the periodontal treatment by scaling and 
root planning improves glycemic control in people with 
diabetes, with a mean percentage reduction in HbA1c of 
0.29% at 3-4 months50. In addition, the authors found no 
evidence showing that one periodontal treatment is more 
effective than another in improving glycemic control50. 
Therefore, larger, well conducted prospective studies are 
required to elucidate the effect of periodontal treatment on 
glycemic control of the patients with diabetes.

Oral mucosa alterations
Diabetes mellitus was associated with several 

specific oral mucosa alterations although these 
associations have not been found to be consistent in 
all subjects with diabetes51. There are reports of higher 
incidence of development conditions, such as coated 
and fissured tongue, benign migratory glossitis, melanin 
pigmentation and varices52. Also, diabetic patients are 
more prone to fungal infection52 and potentially malignant 
disorders including leukoplakia, erythroplakia53, and 
lichen planus52. Susceptibility of diabetic patients to 
alteration and infection in oral cavity is still debated but 
inadequate control of diabetes, immunological alteration, 
microcirculatory changes with reduction of blood 
supply, xerostomia and alteration in salivary flow and 
composition and smoking was mentioned4,54 .    

Dental tissue alterations

Dental pulp changes

Chronic hyperglycemia may cause irreversible 
changes in pulp tissue leading to pulp necrosis. 
Histological studies showed reduction in the concentration 
of collagen and fibroblast, increased thickness of 
blood vessel basement membrane, angiopathy and 
calcification55,56. Increased presence and activity of 
inflammatory components, such as kallikrein and 
myeloperoxidase, with progressive deterioration of the 
matrix components were observed in diabetic rats after 
30 and 90 days of streptozocin treatment55. In another 
study an increasing trend in inflammatory cells volume 
density was found in the diabetic rats at 1 and 3 months 
of diabetic induction, with necrosis areas after 3, 6, 9, 
and 12 months56. Also, diabetes modifies the parameters 
of the antioxidant system in rat pulp tissue, by increasing 
catalase activity and reducing sialic acid concentration, 
which indicates that diabetic pulp could have impaired 
response to AGEs and reactive oxygen species57. 
Increased level of BMP2 and VEGF in healthy teeth and 
their decreased level in teeth with indirect pulp capping 
were observed in diabetic human pulp tissue58. Diabetes 
mellitus may interfere with dental pulp healing. Inhibition 
of dentin bridge formation and an increase in pulp 
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87%. Thus, dental professionals have the opportunity not 
only to diagnose and cure diabetic complications, but also 
to take active role in identifying those with undiagnosed 
hyperglycemia.
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Conclusions

Diabetes mellitus presents the third most prevalent 
condition among medically compromised patients 
referring for dental treatment. Diabetes causes multiple 
comorbidities and increase risk of systemic and oral 
complications. Various oral complications in diabetics 
might be dependent on type, duration and control of 
the disease. Thus, treatment goal is implementation of 
preventive and therapeutic measures for the management 
of both diabetes mellitus and oral complications. 
Concerning the fact that many individuals seeking dental 
care have undiagnosed diabetes and that early diagnosis is 
important in preventing or mitigating complications, oral 
findings may offer an opportunity for the identification of 
high-risk persons. 

Namely, it has been shown that presence of 26% 
or more teeth with deep pockets (with probing depth 
≥5mm) or 4 or more missing teeth identified pre-
diabetes or diabetes in 72% of cases. In patients with an 
increased risk, a blood test can be applied (HbA1c) at first 
appointment, which increases correct identification to 

Unauthenticated
Download Date | 3/18/18 11:51 PM



Balk J Dent Med, Vol 22, 2018 Oral Alterations  13

32. Arap A, Siqueira SR, Silva CB, Teixeira MJ, Siqueira 
JT. Trigeminal pain and quantitative sensory testing in 
painful peripheral diabetic neuropathy. Arch Oral Biol, 
2010;55:486-493. 

33. Casamassimo PS, Tucker-Lammertse JE. Diabetic 
polyradiculopathy with trigeminal nerve involvement; a case 
report. Oral Surg Oral Med Oral Pathol, 1988;66:315-317. 

34. Collin HL, Niskanen L, Uusitupa M, Toyry J, Collin P, 
Koivisto AM et al. Oral symptoms and signs in elderly 
patients with type 2 diabetes mellitus. A focus on diabetic 
neuropathy. Oral Surg Oral Med Oral Pathol Oral Radiol 
Endod, 2000;90:299-305. 

35. Kowall B, Holtfreter B, Volzke H, Schipf S, Mundt T, 
Rathmann W et al.  Pre-diabetes and well-controlled 
diabetes are not associated with periodontal disease: the 
SHIP trend study. J Clin Periodontol, 2015;42:422-430.

36. Tsai C, Hayes C, Taylor G. Glycemic control of type 2 diabetes 
and severe periodontal disease in the US adult population. 
Community Dent Oral Epidemiol, 2002;30:182-192. 

37. Cicmil S, Stojanovic N, Krunic J, Vukotic O, Cakic S. 
Periodontal status in patients suffering from diabetes 
mellitus in relations to glycosylated hemoglobin level and 
the level of oral hygiene. Serb Dent J, 2010;57:129-133.

38. Taylor JJ, Preshaw PM, Lalla E. A review of the evidence 
for pathogenic mechanisms that may link periodontitis and 
diabetes. J Clin Periodontol, 2013;40:S113-134. 

39. Preshaw PM, Alba AL, Herrera D, Jepsen S, Konstantinidis 
A, Makrilakis K et al. Periodontitis and diabetes: a two-way 
relationship. Diabetologia, 2012;55:21-31. 

40. Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the 
link between insulin resistance obesity and diabetes. Trends 
Immunol, 2004;25:4-7. 

41. Santos VR, Lima  JA,  Goncalves TE,  Bastos MF, Figueiredo  
LC, Shibli JA et al. Receptor activator of nuclear factor-kappa 
B ligand/osteoprotegerin ratio in sites of chronic periodontitis 
of subjects with poorly and well-controlled type 2 diabetes. J 
Periodontol, 2010;81:1455-1465. 

42. Kardesler L, Buduneli N, Cetinkalp S, Kinane DF. 
Adipokines and inflammatory mediators  after initial 
periodontal treatment in patients with type 2 diabetes and 
chronic periodontitis. J Periodontol, 2010;81:24-33. 

43. Lalla E, Kaplan S, Chang SM, Roth GA, Celenti R, 
Hinckley K et al. Periodontal infection profiles in type 1 
diabetes. J Clin Periodontol, 2006;33:855-862. 

44. Pradeep AR, Raghavendra NM, Sharma A, Patel SP, Raju A, 
Kathariya R et al.  Association of serum and crevicularvisfatin 
levels in periodontal health and disease with type 2 diabetes 
mellitus. J Periodontol, 2012;83:629-634. 

45. Battaglia M. Neutrophils and type 1 autoimmune diabetes. 
Curr Opin Hematol, 2014;21:8-15.  

46. Borgnakke WS, Ylöstalo PV, Taylor GW, Genco RJ. Effect 
of periodontal disease on diabetes: systematic review of 
epidemiologic observational evidence. J Clin Periodontol, 
2013;40:S135-152.

47. Taylor GW, Borgnakke WS. Periodontal disease: 
Associations with diabetes, glycemic control and 
complications. Oral Dis, 2008;14:191-203. 

48. Mealey BL, Rose LF. Diabetes mellitus and inflammatory 
periodontal disease. Curr Opin Endocrinol Diabetes Obes, 
2008;15:135-141.

15. Kogawa EM, Grisi DC, Falcão DP, Amorim IA, Rezende 
TM, da Silva IC et al. Salivary function impairment in 
type 2 Diabetes patients associated with concentration 
and genetic polymorphisms of chromogranin A. Clin Oral 
Invest, 2016;62:10-19.

16. Hartman ML, Goodson JM, Barake R, Alsmadi O, 
Al-Mutawa S, Ariga J et al. Salivary glucose concentration 
exhibits threshold kinetics in normal weight, overweight, and 
obese children. Diabetes Metab Syndr Obes, 2014;8:9-15.

17. Karjalainen KM, Knuuttila ML, Kaar ML. Salivary factors 
in children and adolescents with insulin-dependent diabetes 
mellitus. Pediatr Dent 1996;18:306-311. 

18. Seethalakshmi C, Reddy RC, Asifa N, Prabhu S. Correlation 
of salivary pH, incidence of dental caries and periodontal 
status in diabetes mellitus patients: A cross-sectional study. J 
Clin Diagn Res, 2016;10:ZC12-14.   

19. Albert DA, Ward A, Allweiss P, Graves DT, Knowler WC, 
Kunzel C et al. Diabetes and oral disease: implications for 
health professionals. Ann NY Acad Sci, 2012;1255:1-15. 

20. Negrato CB, Tarzia O. Buccal alterations in diabetes 
mellitus. Diabetol Metabol Syndr, 2010;2:3. 

21. Oikawa J, Ukawa S, Ohira H, Kawamura T, Wakai K, 
Ando M et al. Diabetes mellitus is associated with low 
secretion rates of immunoglobulin A in saliva. J Epidemiol, 
2015;25:470-474. 

22. Wasalathanthri S, Hettiarachchi P, Prathapan S. Sweet taste 
sensitivity in pre-diabetics, diabetic and normoglycemic 
controls: a comparative cross sectional study. BMC Endocr 
Disord, 2014;14:67. 

23. Tsujimoto T, Imai K, Kanda S, Kakei M, Kajio H, Sugiyama 
T. Sweet taste disorder and vascular complications in 
patients with abnormal glucose tolerance. Int J Cardiol, 
2016;221:637-641.

24. Mese H, MatsuoR. Salivary secretion, taste and 
hyposalivation. J Oral Rehabil, 2007;34:711-723. 

25. Gerspach AC, Steinert RE, Schonenberger L, Graber-Maier 
A, Beglinger C. The role of the gut sweet taste receptor in 
regulating GLP-1, PYY, and CCK release in humans. Am J 
Physiol Endocrinol Metab, 2011;301:E317-325. 

26. Young RL, Chia B, Isaacs NJ, Ma J, Khoo J, Wu T, et 
al. Disordered control of intestinal sweet taste receptor 
expression and glucose absorption in type 2 diabetes. 
Diabetes, 2013;62:3532-3541. 

27. Balasubramaniam R, Klasser GD, Delcanho R. Separating 
oral burning from burning mouth syndrome: unravelling a 
diagnostic enigma. Aust Dent J, 2009;54:293-299.

28. Maltsman-Tseikhin A, Moricca P, Niv D. Burning 
mouth syndrome: will better understanding yield better 
management? Pain Pract, 2007;7:151-162. 

29. Javed S, Alam U, Malik RA. Burning through the pain: 
treatments for diabetic neuropathy. Diabetes Obes Metab, 
2015;1:1115-1125. 

30. Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz 
M, Kempler P et al. Toronto Diabetic Neuropathy Expert 
Group. Diabetic neuropathies: update on definitions, 
diagnostic criteria, estimation of severity, and treatments. 
Diabetes Care, 2010;33:2285-2293. 

31. Gore M, Brandenburg NA, Dukes E, Hoffman DL, Tai K-S, 
Stacey B. Pain severity in diabetic peripheral neuropathy 
is associated with patient functioning, symptom levels of 
anxiety and depression, and sleep. J Pain Symptom Manage, 
2005;30:374-385. 

Unauthenticated
Download Date | 3/18/18 11:51 PM



14   Smiljka Cicmil et al. Balk J Dent Med, Vol 22, 2018

65. Iwama A, Nishigaki N, Nakamura K, Imaizumi I, Shibata 
N, Yamasaki M et al. The effect of high sugar intake on 
the development of periradicular lesions in rats with type 2 
diabetes. J Dent Res, 2003;82:322-325. 

66. López-López J, Jané-Salas E, Estrugo-Devesa A, Velasco-
Ortega E, Martín-González J, Segura-Egea JJ. Periapical 
and endodontic status of type 2 diabetic patients in 
Catalonia, Spain: a cross-sectional study. J Endod, 
2011;37:598-601. 

67. Sánchez-Domínguez B, López-López J, Jané-Salas E, 
Castellanos-Cosano L, Velasco-Ortega E, Segura-Egea 
JJ. Glycated haemoglobin levels and prevalence of 
apical periodontitis in type 2 diabetic patients. J Endod, 
2015;41:601-606. 

68. Britto LR, Katz J, Guelmann M, Heft M. Periradicular 
radiographic assessment in diabetic and control individuals. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 
2003;96:449-452. 

69. Khalighinejad N, Aminoshariae MR, Aminoshariae A, 
Kulild JC, Mickel A, Fouad AF. Association between 
systemic diseases and apical periodontitis. J Endod, 
2016;42:1427-1434. 

70. Fouad AF, Burleson J. The effect of diabetes mellitus on 
endodontic treatment outcome: data from an electronic 
patient record. J Am Dent Assoc, 2003;134:43-51. 

71. Segura-Egea JJ, Martín-González J, Cabanillas-Balsera D, 
Fouad AF, Velasco-Ortega E, López-López J. Association 
between diabetes and the prevalence of radiolucent 
periapical lesions in root-filled teeth: systematic review and 
meta-analysis. Clin Oral Investig, 2016;20:1133-1141. 

72. Astolphi RD, Curbete MM, Colombo NH, Shirakashi 
DJ, Chiba FY, Prieto AK et al. Periapical lesions decrease 
insulin signal and cause insulin resistance. J Endod, 
2013;39:648-652. 

73. Cintra LT, da Silva Facundo AC, Azuma MM, Sumida DH, 
Astolphi RD, Bomfim SR et al. Pulpal and periodontal 
diseases increase triglyceride levels in diabetic rats. 
Clin Oral Investig, 2013;17:1595-1599.  

74. Cintra LT, Samuel RO, Facundo AC, Prieto AK, Sumida 
DH, Bomfim SR et al. Relationships between oral infections 
and blood glucose concentrations or HbA1c levels in normal 
and diabetic rats. Int Endod J, 2014;47:228-237. 

75. Cintra LT, Samuel RO, Azuma MM,  Ribeiro CP, Narciso 
LG, de Lima VM et al. Apical periodontitis and periodontal 
disease increase serum IL-17 levels in normoglycemic and 
diabetic rats. Clin Oral Investig, 2014;18:2123-2128. 

76. Lalla E, Cheng B, Kunzel C, Burkett S, Lamster IB. Dental 
findings and identification of udiagnosed hyperglycemia. J 
Dent Res, 2013;92:888-892. 

Received on May 30, 2017.
Revised on Jun 11, 2017.
Accepted on Jun 26, 2017.

Correspondence:

Nikola Stojanović 
Faculty of Medicine 
Studentska 5, 73 300 Foča, Bosnia and Herzegovina 
e-mail: nikolastojanovic@yahoo.com

49. Engebretson S, Kocher T. Evidence that periodontal 
treatment improves diabetes outcomes: a systematic review 
and meta-analysis. J Periodontol, 2013;84:S153-169.

50. Simpson TC, Weldon JC, Worthington HV, Needleman I, 
Wild SH, Moles DR et al. Treatment of periodontal disease 
for glycaemic control in people with diabetes mellitus. 
Cochrane Database Syst Rev, 2015;11:CD004714.

51. Sanitá PV, Pavarina AC, Giampaolo ET, Silva MM, Mima 
EG, Ribeiro DG et al. Candida spp. prevalence in well 
controlled type 2 diabetic patients with denture stomatitis. 
Oral Surg Oral Med Oral Pathol Oral Radiol Endod, 
2011;111:726-733.

52. Bastos AS, Leite AR, Spin-Neto R, Nassar PO, Massa 
Couto EM, Orrico SR. Diabetes mellitus and oral mucosa 
alterations: prevalence and risk factors. Diabetes Res Clin 
Pract, 2011;92:100-105.

53. Dikshit RP, Ramadas K, Hashibe M, Thomas G, Somanathan 
T, Sankaranarayanan R. Association between diabetes 
mellitus and pre-malignant oral diseases: across sectional 
study in Kerala, India. Int J Cancer, 2006;118:453-457. 

54. Beikler T, Flemmig TF. Implants in the medically compromised 
patient. Crit Rev Oral Biol Med, 2003;14:305-316.

55. Catanzaro O, Dziubecki D, Lauria LC, Ceron CM, 
Rodriguez RR. Diabetes and its effects on dental pulp. J 
Oral Sci, 2006;48:195-199. 

56. Claudino M, Nunes IS, Gennaro G, Cestari TM, Spadella 
CT, Garlet GP et al. Diabetes triggers the loss of tooth 
structure associated to radiographical and histological dental 
changes and its evolution to progressive pulp and periapical 
lesions in rats. Arch Oral Biol, 2015;60:1690-1698. 

57. Leite MF, Ganzerla E, Marques MM, Nicolau J. Diabetes 
induces metabolic alterations in dental pulp. J Endod, 
2008;34:1211-1214. 

58. Ilić J, Radović K, Roganović J, Brković B, Stojić D. The 
levels of vascular endothelial growth factor and bone 
morphogenetic protein 2 in dental pulp tissue of healthy and 
diabetic patients. J Endod, 2012;38:764-768.

59. Garber SE, Shabahang S, Escher AP, Torabinejad M. The 
effect of hyperglycemia on pulpal healing in rats. J Endod, 
2009;35:60-62.  

60. Nichols MS, Shaw JH. The effect of alloxan diabetes on 
caries incidence in the albino rat. J Dent Res, 1957;36:68-74. 

61. Arheiam A, Omar S. Dental caries experience and 
periodontal treatment needs of 10- to 15-year old children 
with type 1 diabetes mellitus. Int Dent J, 2014;64:150-154. 

62. Bakhshandeh S, Murtomaa H, Vehkalahti MM, Mofid R, 
Suomalainen K. Dental findings in diabetic adults. Caries 
Res, 2008;42:14-18. 

63. Stojanović N, Krunić J, Cicmil S, Vukotić O. Oral health 
status in patients with diabetes mellitus type 2 in relation 
to metabolic control of the disease. Srp Arh Celok Lek, 
2010;138:420-424. 

64. El-Tekeya M, El Tantawi M, Fetouh H, Mowafy E, Abo 
Khedr N. Caries risk indicators in children with type 1 
diabetes mellitus in relation to metabolic control. Pediatr 
Dent, 2012;34:510-516. 

Unauthenticated
Download Date | 3/18/18 11:51 PM


