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ABSTRACT

Background: Candidal colonization in complete denture wearers is a commonly encountered 
condition that worsens in the presence of untreated Diabetes Mellitus. The aim of this study was 
to evaluate the correlation between oral candidiasis in denture‑bearing mucosa and elevated blood 
glucose levels in complete denture wearers and to evaluate the effect of oral hypoglycemic drug 
therapy in controlling oral candidal colonization in denture‑bearing mucosa of complete denture 
wearers with Type II Diabetes Mellitus.
Materials and Methods: This prospective observational study involved the participation of 15 
complete denture wearers with Type II Diabetes Mellitus. The sample collection was made prior 
and after oral hypoglycaemic drug intervention, by swabbing the rugal surfaces of palatal mucosa, 
cultured and the density of the candidal colony formed was analyzed and interpreted as colony 
forming units (CFU) per mL. The candidal samples CFU and corresponding pre‑ and post‑prandial 
blood glucose levels were estimated, analyzed and compared using Karl Pearson correlation analysis 
and paired t‑test (α = 0.05).
Results: The Karl Pearson correlation analysis showed that there was a positive correlation between 
the blood glucose levels (PPS and FBS) and the candidal colonization (CFU) (P < 0.05). The mean 
values of all the variables were analyzed using the paired t‑test. There was significant reduction in 
the mean values of blood glucose levels (P < 0.001) and the mean values of the CFU (P < 0.001) 
following oral hypoglycemic drug therapy.
Conclusion: Positive correlation was observed between oral candidiasis in complete denture‑bearing 
mucosa and elevated blood glucose levels and oral hypoglycemic drug therapy has a positive effect 
in controlling oral candidal colonization in complete denture wearers with Type II Diabetes Mellitus.
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INTRODUCTION

Uncontrolled Diabetes mellitus can be a very serious 
metabolic disorder, which can affect every possible 
tissue function and cellular infrastructure in human 

body. Aging oral mucosa like all the other tissues 
in the body is not resistant to the harmful effects of 
Diabetes mellitus.[1,2] Diabetic microangiopathy can 
cause thinning of epithelial membrane thickness, 
decrease in salivary flow, causing xerostomia, and 
decreased immune response.[3] This makes the 
oral mucosa vulnerable to opportunistic microbial 
invasion.[2,4‑6]

Furthermore, some microorganisms become more 
virulent in a high glucose environment. Another 
mechanism that can lead to the increased prevalence 
of infections in diabetic patients is an increased 
adherence of microorganisms to diabetic compared 
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to nondiabetic cells, and this has been described for 
fungal infection caused by Candida albicans.[7]

The denture‑bearing mucosa in diabetic patients 
is subject to even greater stress than normal aging 
mucosa. The occlusal forces, tissue trauma due to 
maladaptation of denture bases, surface charges of 
denture base materials,[8,9] dimensional changes in 
the denture bases due to salivary and fluid sorption 
affects the health of the underlying denture‑bearing 
tissues due to decreased capillary blood flow. Several 
authors have stated the increased potential for 
mycotic invasion in denture‑bearing mucosa. The 
effect of mycotic colonization under the vulnerable 
denture‑bearing surface due to elevated blood glucose 
levels as in uncontrolled diabetes mellitus have not 
been studied extensively.

Hence, this study was done with the following aims 
and objectives:
1.	 To evaluate the correlation between oral candidiasis 

in denture‑bearing mucosa and elevated blood 
glucose levels in complete denture wearers with 
Type II Diabetes Mellitus.

2.	 To evaluate the effect of oral hypoglycemic 
drug therapy and its influence in controlling oral 
candidal colonization in denture‑bearing mucosa 
of complete denture wearers with Type II Diabetes 
Mellitus.

MATERIALS AND METHODS

Completely edentulous patients reporting to the 
Department of Prosthodontics for treatment were 
screened for sample selection. The sample selection 
was based upon the following inclusion and exclusion 
criteria.

Inclusion criteria
1.	 Complete denture wearers with undiagnosed/

untreated Type  II Diabetes Mellitus in 
Indian (Chennai) population

2.	 Age: Above 40 years
3.	 No gender discretion
4.	 Patients who are not under any antibiotic/cytotoxic/

immunosuppressive drug therapy.
5.	 Willingness to participate in the study

Exclusion criteria
1.	 Patients who are under antibiotic drug therapy
2.	 Patients with neuromuscular/musculoskeletal 

disorders
3.	 Patients with psychiatric illness

4.	 Patients who are unwilling to participate in the 
study

Methodology
Completely edentulous patients who satisfied the 
inclusion criteria were included in this prospective 
observational study, which involved a therapeutic 
intervention. The selected patients were then screened 
for blood glucose level examination using a standard 
glucometer  (Accu‑check). Patients who had random 
blood glucose level more than 130  mg/dL 3  h after 
the last food intake  (WHO guidelines) were selected 
for the study. The blood glucose levels were then 
confirmed using the Hemoglobin A1c test  (HbA1C). 
Then, the patients were subjected to the glucose 
tolerance test and Type  II Diabetes Mellitus was 
confirmed. Thirty‑five  (20  males and 15  females) 
patients presented with Diabetes Mellitus and 
with increased blood glucose levels. Among them, 
15 patients mean age 52 with SD ± 5 were willing to 
participate in the study (4 females and 11 males).

The study duration and the importance of the study 
were explained to the patient. The patients willing to 
participate gave a signed informed consent to participate 
in the study. The study started after obtaining ethical 
clearance from the University Ethical Clearance Board. 
This study consisted of three phases.

Phases of study
Phase I
Phase II (30 days after drug intervention)
Phase III (60 days after drug intervention)

Phase I
Isolation of candidal samples
The blood glucose levels were evaluated and 
recorded before the candidal sample collections were 
made. Both the fasting blood sugar  (FBS) and the 
postprandial blood sugar  (PPS) levels were recorded. 
Candidal samples were obtained in morning by 
swabbing from the palatal and rugal denture‑bearing 
surface of the maxilla. The swab was then shifted to a 
transport medium and then subjected to culture.

Culturing
The collected candidal sample was streaked on the 
SDA plates. The culture plates were then incubated 
at 37°C in an incubator and examined for the growth 
of yeast colonies after 48  h. Candidal growth was 
identified as round, smooth creamy white colonies 
and the number of colonies on the culture plates were 
counted manually and expressed as CFU/mL  (colony 
forming units/mL)
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Phase of drug intervention
In these phases  (Phases II and III), the blood glucose 
levels and the density of the candidal colony in CFU 
were evaluated after drug intervention. The patients 
were given oral hypoglycemics as prescribed by 
the diabetologist. The oral hypoglycemics were 
administered after the first phase of sample collection. 
The drugs were administered to control the level of 
blood glucose in diabetic patients.

The blood glucose level and the CFU levels of 
Candida were evaluated after 30  days and 60  days 
following drug intervention.

Phase II
The candidal sample collections were done after 
30 days of drug administration. The sample collection 
was done using cotton swab. The swab with the 
sample collected were then transferred to a transport 
medium and then subjected to culture. Culturing of 
the candidal sample was carried out, and the density 
of the candidal colony was assessed and expressed 
in CFU/mL. The colony forming units and the blood 
glucose level  (FBS and PPS) were evaluated and 
recorded.

Phase III
The candidal sample collection was done after 60 days 
of drug intervention. The blood glucose levels, both 
the PPS and FBS levels, were evaluated before the 
sample collection. The candidal sample collection 
was made by swabbing from the palatal surface of 
the maxillary dentures and rugal folds. The swab 
collected was then transferred to the transport medium 
and cultured. The density of candidal colonization 
was evaluated after 48  h and expressed in CFU/mL. 
The blood glucose level and the CFU level of all the 
patients were recorded and tabulated.

RESULTS

The correlations between the variables were analyzed. 
The correlation analyzed was between the following.

CFU vs. PPS and CFU vs. FBS  (preinterventional at 
day 0)

CFU vs. PPS and CFU vs. FBS (postinterventional at 
day 30)

CFU vs. PPS and CFU vs. FBS (postinterventional at 
day 60)

The P value obtained was found to be P < 0.05. Thus 
confirming a positive correlation between the blood 

glucose levels (FBS and PPS) and the candidal colony 
density (CFU).

Interpretation
Fasting blood sugar level
The fasting blood glucose level of the patients at the 
beginning of the study was 156.92  mg/dL  (mean). 
After the drug intervention, the FBS level shows 
a reduction after 30  days and after 60  days. The 
P value obtained for all the mean values is <0.01, on 
comparing between day 0 and 30, day 0 and day 60 
and between day 30 and day 60.

Postprandial blood sugar
These results show that there is a significant 
reduction in the postprandial glucose level after 
drug administration. The mean value at day 0 
is 208  mg/dL, at the end of day 30 after drug 
intervention the mean value is 180  mg/dL, and at 
day 60 is 167.58 mg/dL.

This reduction continues but the margin of reduction 
is lesser when compared to that between day 0 and 
day 30.

CFU
The mean CFU value at day 0 before the drug 
intervention is 286.50, after drug intervention the 
mean value shows a decrease in the colony forming 
units, the reduction of the CFU level is by about 
20 CFU at day 30 and by 40 CFU at day 60.

The results confirms that as the blood glucose level 
decreases there is also a decrease in the candidal 
density as expressed by colony forming units.

From these changes, we can confirm the effect of the 
oral hypoglycemic drug therapy in reducing the blood 
glucose level in type  II diabetic patients and also the 
density of candidal colonization with reference to the 
mean values seen after phase of drug intervention.

DISCUSSION

The null hypothesis formulated for this study was 
that there is no significant correlation between the 
blood glucose levels and oral candida colonization 
in complete denture wearers with Type  II Diabetes 
Mellitus and oral hypoglycemic drug therapy has no 
influence in controlling oral candidal colonization in 
denture‑bearing mucosa of complete denture wearers 
with Type II Diabetes Mellitus.

The results of this study negated the null hypothesis.
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Statistical analysis was done to evaluate the 
relationship between the variables. The factors 
analyzed were between:

PPS and CFU (preinterventional and postinterventional 
values)

FBS and CFU (preinterventional and postinterventional 
values)

The results from this study [Table 1] demonstrate that 
there is a statistically significant correlation between 
the blood glucose level and candidal colonization.

There was a reduction in the candidal colony forming 
units from day 0 and day 60. Similarly, there was a 
reduction in the blood glucose levels  (FBS and PPS) 
from day 0 to day 60. The candidal isolates were 
higher at day 0 from the diabetic denture wearers 
when compared to that at day 60. The reduction in 
blood glucose levels was seen after drug intervention. 
Both the PPS and FBS levels were reduced [Table 2].

Samaranayake, et al. observed the adhesion of candidal 
species was seen in serum‑coated acrylic strips.[9] The 
candidal colonization was observed to be greater 
in diabetic complete denture wearers and also the 
isolation of candidal organisms from them was more 
when compared to nondiabetic denture wearers.[10,11] 
Webb, et  al. observed the virulence factor of candida 
when increased can predispose to oral candidiasis, and 
it increases in magnitude when the immune status is 
compromised as seen in diabetic patients.[12]

Dorocka‑Bobkowska, et  al. has observed the risk 
of denture stomatitis increased in diabetic patients, 
and the frequency of candidal isolation was more 
when compared to nondiabetics.[13] Darwazeh, 
et  al. observed that candidal organisms were more 
frequently isolated from the fingertips and oral cavity 
of denture wearers proving that denture wearers 
with candida had a higher prevalence for candidal 
contamination[14] and Daniluk, et  al. stated that the 
inflammation caused due to denture stomatitis had a 
very marked presence of candidal species.[15]

Increased colonization of opportunistic mycopathogens 
was observed by Lockhart, et  al. in the elderly.[16] 
Khosravi, et  al. observed that there was an increased 
prevalence of candida species with higher densities in 
the oral cavity of subjects with Diabetes Mellitus.[17]

The candidal colonization in a controlled diabetic was 
of less density as observed in this study. In this study, 
no variation in the pattern of candidal colonization 
between the genders was present. Oral hypoglycemic 
drugs significantly reduced the elevated blood 
glucose level. Controlling Diabetes Mellitus can 
improve cellular health by minimizing rapid cellular 
exfoliation associated with diabetes mellitus[18‑20] and 
limits intracellular water loss, improves xerostomic 
changes, enhances the effectiveness of immune 
mechanism by improved neutrophil function, 
reversing microangiopathy at various stages.

This improves the desuppression of the immune 
system effectively by enhancing the function of 

Table 1: Karl Pearson correlation analysis
Independent variable Dependent variable Day Constant (a) Slope (b) Correlation (r) Adjusted r2 P value
FBS pre CFU pre 0 –60.23 2.21 0.985 0.967 <0.001
PPS pre CFU pre 0 45.55 1.16 0.991 0.981 <0.001
FBS post CFU post 30 –40.36 2.28 0.934 0.861 <0.001
PPS post CFU post 30 –0.658 1.45 0.705 0.447 0.010
FBS post CFU post 60 –9.98 1.99 0.939 0.871 <0.001
PPS post CFU post 60 20.89 1.31 0.946 0.885 <0.001

FBS: Fasting blood sugar, PPS: Postprandial blood sugar

Table 2: Paired t‑test to compare the mean between 
different time periods
Variable Day N Mean±SD P value
FBS 0 12 156.92±10.83 <0.001

30 12 132.17±8.43
0 12 156.92±10.83 <0.001

60 12 125.83±6.69
30 12 132.17±8.43 <0.001
60 12 125.83±6.69

PPS 0 12 208.00±20.80 <0.001
30 12 180.50±10.11
0 12 208.00±20.80 <0.001

60 12 167.58±10.23
30 12 180.50±10.11 <0.001
60 12 167.58±10.23

CFU 0 12 286.50±24.31 <0.001
30 12 260.58±20.54
0 12 286.50±24.31 <0.001

60 12 240.67±14.18
30 12 260.58±20.54 <0.001
60 12 240.67±14.18

FBS: Fasting blood sugar, PPS: Postprandial blood sugar, CFU: Colony 
forming units
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secretory immunoglobulins and lysozymes that can 
provide effective protection against fungal infection. 
Deceleration of microangiopathy maintains the 
integrity of the basement membrane thus controlling 
the rate of epithelial turn over and maintenance of 
optimal thickness of the epithelial membrane, and 
hence regulation of the blood glucose level facilitates 
improved protection against the fungal mycelium.

Controlling elevated blood glucose levels to the 
optimum level following antidiabetic drug therapy 
facilitates regulation of adipokines and cytokines 
which are inflammatory mediators released 
from adipose tissues, thus controlling excessive 
inflammatory response present in uncontrolled diabetic 
patients. The denture‑bearing tissues in diabetic 
patients are subjected to varying levels of stress and 
trauma due to maldirected occlusal forces, progressive 
and uneven wear of resin teeth, decreased vertical 
dimension, and trauma from thermal injury caused 
by poor conduction of heat by the denture bases. 
Thus, controlling diabetes mellitus greatly minimizes 
inflammatory response in the denture‑bearing area.

Inflammatory changes can cause alteration in the 
volume of the tissues present in the denture‑bearing 
area. Edema and compression added with angiopathy 
results in faster degeneration of the epithelium 
present in the denture‑bearing area making it highly 
susceptible to fungal infections. Thus antidiabetic 
drug therapy by controlling blood glucose levels 
minimizes the chance of inflammation and subsequent 
fungal invasion in the denture‑bearing mucosa.

This study offers further scope of research as the 
patients can be followed for increased periods of time, 
the efficacy and effectiveness of group specific oral 
hypoglycemic drugs can be studied, and the study can 
also be extended to Type II Diabetes Mellitus patients 
undergoing insulin therapy.

CONCLUSION

Within the limitations of the study, it could be 
concluded:
1.	 There is a positive correlation between oral 

candidiasis in denture‑bearing mucosa and elevated 
blood glucose levels in complete denture wearers 
with Type II Diabetes Mellitus.

2.	 The oral hypoglycemic drug therapy has a positive 
effect in controlling oral candidal colonization in 
complete denture wearers and by controlling the 

blood glucose level in uncontrolled Type II diabetic 
denture wearers with oral hypoglycemic drugs, 
it is possible to reduce increased colonization 
of candida in denture‑bearing mucosa and thus 
enhance improved health.
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