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ABSTRACT
GLUT2 gene polymorphism plays a significant role in Type 2 diabetes patients. It has been
investigated that single nucleotide polymorphisms (SNPs) in the GLUT2 gene affecting taste
preference were recently associated with caries risk in Type 2 diabetes patients. The aim of the
present study was to evaluate the association of GLUT2 gene polymorphism with sweet perception
in dental caries susceptibility in Type II Diabetes mellitus patients in north Indian population.
120 subjects aged 30-70 years participating in this study were divided into two groups,
GROUP I (n=60) included Type II diabetes mellitus patients with caries and GROUP II (n=60)
included non-diabetic patients with dental caries. Sweet perception in all the individuals was
measured by using a 9-point hedonic scale and the sweet liking score was created by taking the mean
of the liking given by each individual to speciﬁc sweet food and beverages. Caries prevalence was
assessed by using DMFT (decayed, missing, and filled teeth), DMFT + X-ray. GLUT2 (Thr110Ile,
rs5400) genotypes were determined using ECOR1 assay.
In Type 2 diabetic patients a higher sweet liking scores (7.195 ± 0.4656), DMFT+X ray
(7.25 ± 1.035) and DMFT (6.07 ± 0.880) scores were observed when compared with non-diabetic
patients (p=0.001). Higher sweet liking score (7.07 ± 0.57), DMFT+X ray (6.98 ± 1.43), DMFT
(5.72 ± 1.09) (p=0.001) were observed in AA Genotype than their counterparts and no significant
differences were found in this regard between AG and GG genotype. In conclusion polymorphism of
GLUT2 gene contributed to caries prevalence and highlighted the role of sweet liking as a predictor
of caries risk.
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INTRODUCTION
Dental caries is one amongst the most common perpetual ailments to which most of the
world’s population is vulnerable all through their lifetime. Various organic acids such as lactic,
acetic, and formic acids produced by the acidogenic bacteria dissolve the calcified tissues of the
tooth thus resulting in dental caries1. Several physical, biological, environmental factors such as
increased quantities of cariogenic bacteria, inadequate fluoride consumption, decreased salivary
secretion and poor oral hygiene factors lead to high risk for caries2. There are many possibilities to
intervene in this continuing process to arrest or reverse the progress of the lesion. Remineralization is
the natural repair process for non-cavitated lesions, and relies on calcium and phosphate ions assisted
by ﬂuoride to rebuild a new surface on existing crystal remnants in subsurface lesions remaining
after demineralization3.
Diabetic patients are more susceptible to dental caries and periodontal diseases. Resistance
exhibited by the body cells to effects of insulin leads to the most prevalent type of diabetes, Type 2
diabetes mellitus4. This disease is associated with various risk factors such as increasing age,
genetics, and obesity, lack of physical activity, stress and increased consumption of sweetened
beverages5, 6. Previous studies had revealed patients with Type 2 diabetes mellitus were prone to a
high risk of dental caries which can be attributed primarily to increased concentration of glucose in
the blood7.
Genetic play a key role in determining caries risk in the population, but the effect of genes in
caries susceptibility is not much explored.GLUT2 gene is primarily involved in glucose
homeostasis8. This gene is located on chromosome 3 in humans. It is expressed mainly in organs like
pancreas, liver, kidney and brain9. Barroso in 2003 had observed the association of GLUT2 gene
with type 2 diabetes due to its role in glucose-induced insulin secretion10. Kilpelainen et al., in 2007
stated that risk of type II diabetes mellitus has been associated with common single nucleotide
polymorphism (rs5400) of GLUT2 gene, which is commonly formed due to substitution of threonine
to isoleucine amino acid at codon 11011. GLUT2 gene polymorphism (rs5400) is highly prevalent in
Caucasians12. Eny et al in 2010 had reported that a variation in individual preferences for sugar
containing foods was due to the variations in the GLUT2 gene13.
The aim of the present study was to evaluate the association of GLUT2 gene polymorphism
with sweet perception in dental caries susceptibility in Type II Diabetes mellitus patients.
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MATERIALS AND METHODOLOGY
SOURCE OF DATA
This cross-sectional study was conducted in 120 patients with caries aging 30 -70 years
who had visited the Department of Conservative dentistry and Endodontics, Rama dental college
hospital and research center Kanpur. Ethical approval had been obtained from the ethical committee
of the institution and a written consent was obtained from all the subjects participating in the study.
All the subjects participating in the study will be divided into two groups.
60 individuals included in GROUP I were known Type II diabetes mellitus patients with
caries undergoing treatment for the last five years. Individuals who are diagnosed to be suffering
from other diseases were excluded from the study.
60 Individuals included in GROUP II were non-diabetic patients with dental caries. Oral
clinical examination was conducted by an examiner who was blinded to the genotype of each
individual.

MEASUREMENT OF SWEET PERCEPTION.
All the subjects participating in the

study were invited to rate their liking for food which

was evaluated by using a 9- point scale ranging from like extremely (score 9) to dislike extremely
(score 1). A questionnaire containing a list of 50 items was given to them, and then the mean of
liking score given by each individual to these sweet food items was recorded as their sweet liking
score which was further used for statistical analysis .

DENTAL CARIES ASSESSMENT
Dental caries of each individual was assessed by using two indexing systems. To conduct
accurate oral clinical examination of the participants a dental expert who was blinded to the
individual’s genotype was assigned to record the occurrence of carious lesions in the oral cavity of
each individual, with the aid of an air syringe, mouth mirror and probe. Proximal dental caries and
secondary caries were detected by using bitewing radiographs with a horizontal bitewing holder and
size 2 films. Using the results of the clinical examination DMFT (decayed, missing, and filled) score
was calculated according to the recommendations of WHO for epidemiological surveys. It is
applicable for the overall number of teeth present in the mouth. The second indexing system uses a
combination of DMFT index with radiographic findings. DMFT + X-ray, was tabulated after
combining clinical and radiographic findings. Wisdom teeth were excluded DNA ISOLATION.
DNA for the genetic analysis was obtained from the buccal epithelial cells of the buccal swabs for
each individual participating in the study. Isolation of DNA was done according to the
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manufacturer’s using instructions using Puregene buccal cell core kit (Qiagene). Then the amount of
DNA was checked with agrose gel electrophoresis. The DNA fragments of cases and the control
groups were amplified by PCR (T100 Biorad) to determine the Genotypes of Thr110Ile (rs5400)
polymorphism in GLUT2. PCR conditions for GLUT2 gene were 95 0C for 3 Min, and 37 cycles 95
0

C for 30 sec, 58 0C for 30 sec, 72 0C for 1 Min for, and 720C for 7 Min,12 0C for forever. Restriction

endonuclease EcoR1 was used to digest the PCR products. Genotypes were determined by fragment
size by running 2% agarose gel to check the size of the digested product by RFLP.

STATISTICAL ANALYSIS
Statistical analysis was done using SPSS 21 (IBM Corp., 2012). Standard descriptive
statistics were applied in the analysis: mean median and min-max range for quantitative variables.
Student’s t test was used to compare the sweet likening score, DMFT+X ray , DMFT and its
components between diabetic and non-diabetic patients. One way ANOVA was used to compare the
sweet likening scores, DMFT + X ray and DMFT with GLUT2 genotypes among diabetic and nondiabetic participants. Tukey’s Post-hoc test was done to find out the difference between all possible
pairs of GLUT2 genotype with the Sweet likening scores, DMFT and DMFT+X-ray. Statistical
significance was set p<0.05.

RESULTS:
In the present study 120 adults from the Kanpur population were selected. Out of these 60
individuals were Type II Diabetes mellitus patients with caries and 60 were non-diabetic patients
with caries Males (n=61) and females (n=59) were similarly distributed with a mean age 47.48. In
the overall sample the mean sweet liking score was 6.58 ±0.73, mean DMFT score was 5.10 ±1.21,
and mean DMFT+X ray is 6.01±1.48. Table -1 depicts Student’s t test, which was used to compare
the mean and standard deviation values of sweet liking, DMFT+X ray; DMFT between the diabetic
and non-diabetic patients. Analysis of the data showed over all statistical significance (p=0.001) with
higher sweet liking scores (7.195 ± 0.4656), DMFT+X ray (7.25 ± 1.035) and DMFT (6.07 ± 0.880)
scores in diabetic patients when compared with non-diabetic patients. Genetic analysis detected a
signiﬁcant association with Thr110Ile, rs5400, a SNP in the GLUT2 gene. In this study AG showed
highest distribution (40.0%) , then AA(35.8%) and GG (24,2%)genotypes. In the Type 2 diabetic
population highest distribution was observed in AA (50%), then AG (36%) and GG (11.7%). In nondiabetic patients AG (41.7%)AA genotype (21.7%) and GG (36.7%), In overall participants One way
ANOVA is used to compare the sweet likening score, DMFT+X ray and DMFT with GLUT2
genotypes(table 2,3). It was identified that Genotype AA showed significantly higher scores different
from their counterparts with regard to their mean score of sweet likening score (7.07 ± 0.57),
IJSRR, 8(1) Jan. – Mar., 2019

Page 440

Sridevi N. et al., IJSRR 2019, 8(1), 437-445

DMFT+X ray (6.98 ± 1.43) ,DMFT(5.72 ± 1.09) (p=0.001) and no significant differences were
found in this regard between AG and GG genotype. One way ANOVA is used to compare the sweet
likening score, DMFT+X ray and DMFT with GLUT2 genotype among diabetic and non-diabetic
participants (Table 4). High sweet likening score, DMFT+X ray and DMFT scores were recorded in
AA genotype in diabetic individuals than the non-diabetic patients. A positive correlation between
sweet liking and DMFT (p value = 0.0001) was observed in this study.
Table 1: Comparison between the sweet likening score, DMFT+X ray , DMFT and its components with diabetic
and non-diabetic patients using student’s t test.

Sweet
Score

Diabetic
Non diabetic
Diabetic
Non diabetic
Diabetic
Non diabetic
Diabetic
Non diabetic
Diabetic
Non diabetic
Diabetic
Non diabetic

likening

DECAYED
MISSING
FILLED
DMFT
DMFT+X RAY

Mean

Std. Deviation

Sig.

7.195
5.970
3.15
2.62
.70
.50
2.23
1.03
6.07
4.13
7.25
4.77

.4656
.3441
.685
.640
.497
.537
.767
.450
.880
.566
1.035
.500

.001*
.001*
.001*
.001*
.036*
.036*
.001*
.001*
.001*
.001*
.001*
.001*

*statistically significant
Table 2: Comparison between the sweet likening score, DMFT+X ray and DMFT with GLUT2 genotype in overall
participants using One way ANOVA.
AA
AG
GG
Total
Sig
(Mean, SD)
(Mean, SD)
(Mean, SD)
7.07 ± 0.57
6.55 ± 0.63
5.89 ± 0.53
6.58 ± 0.73
Sweet likening Score
0.001*
5.72 ± 1.09
4.90 ± 1.18
4.52 ± 1.05
5.10 ± 1.21
DMFT
0.001*
6.98 ± 1.43

DMFT+X-ray

5.79 ± 1.23

4.93 ± 0.99

6.01 ± 1.48

0.001*

*statistically significant
Table 3: Multiple pair-wise inter group comparison of SLS, DMFT and DMFT+X-ray according to GLUT2
genotype using post hoc turkeys’ test.
Variables
Sweet likening
Score

DMFT

DMFT+X-ray

Genotype

AA

AG

AA
-.5270*
*
AG
-.5270
-GG
-1.1825*
-.6555*
AA
-.825*
*
AG
-.825
-GG
-1.204*
-.379
AA
-1.185*
*
AG
-1.185
-*
GG
-2.046
-.861*
*= The mean difference is significant at the 0.05 level.
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Table 4: Comparison between the sweet likening score, DMFT+X ray and DMFT with GLUT2 genotype among
diabetic and non-diabetic participants using One way ANOVA.

SLS
DMFT
DMFTXRAY
SLS
Non diabetic
DMFT
DMFTXRAY
*statistically significant
Diabetic

AA

AG

GG

Total

Sig.

7.417
6.27
7.77
6.300
4.46
5.15

7.039
5.83
6.83
6.104
4.04
4.84

6.757
6.00
6.43
5.623
4.05
4.45

7.195
6.07
7.25
5.970
4.13
4.77

0.001*
0.193
0.001*
0.001*
0.059
0.001*

DISCUSSION
Dental caries is one of the mostly prevalent diseases evident in all the age groups of the
human population. Preventive strategies of this multifactorial disease include the fluoride exposure,
diet management, application of pit and fissure sealants14. Diet plays a key role in the occurrence of
caries.

The present study demonstrated the association of glucose transporter gene polymorphism

with the sweet perception and dental caries susceptibility in Type II Diabetes mellitus patients. .
Mueckler et al., 1994 stated that the GLUT2 gene is involved in glucose-induced insulin secretion,
thus aiding in the regulation of postprandial glucose levels15. Physiologically glucose sensing ability
of GLUT2 gene in the brain can be attributed to its high Km16. In the present study higher sweet
liking (7.195 ± 0.4656), DMFT+X ray (7.25 ± 1.035) and DMFT (6.07 ± 0.880) scores were
observed in diabetic patients when compared with non-diabetic patients (p=0.001). Despite of intake
of low cariogenic diet the high risk for caries might be due to higher frequency intake of sugary
substances and xerostomia, thereby increasing the concentration of glucose in blood and saliva
favoring the growth of oral microbiota thus enhancing the high caries risk potential in Type 2
diabetes mellitus17. These results are in accordance with the study conducted by Maria Moin and
Aeeza Malik in 2015 in which 90% of type 2 diabetic patients had experienced high caries risk17.
Genetic analysis in the present study detected a signiﬁcant association with Thr110Ile,
rs5400, a SNP in the GLUT2 gene. 50% of AA genotype distribution was observed in Type 2
diabetes mellitus patients then the AG and GG genotypes. Barroso in 2003 observed that increased
risk of Type 2 diabetes was associated with Ile allele (AA genotype) in the British population10. In
the present study high sweet liking scores were recorded in Ile carriers (AA and AG genotypes) in
Type 2 diabetic patients. Eny in 2008 reported increased sugar consumption in Ile carriers of GLUT2
gene in adults with early Type 2 diabetes13. This further indicates that glucose perception by the
GLUT2 gene affecting the glucose homeostasis thus r5400 polymorphism in GLUT2 gene explains
the differences in the sugar consumption in humans.
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In the present study higher sweet liking score, DMFT and DMFT +X RAY scores in Ile allele
(AA genotype) of GLUT2 gene was observed. Statistical significance was observed between DMFT
and sweet liking scores thus reflecting a positive association between sweet likings for sweet foods
with caries risk.

Similarly association of increased caries susceptibility with high sweet liking

scores to GLUT2 polymorphism was observed in Italian population18. Previous studies revealed that
there is no homogeneity in sweet liking in different populations. In this study relationship between
diet and caries susceptibility was determined through food questionnaires which served as a simple
tool.
Genotype AA showed significantly higher scores different from their counterparts with
regard to their mean score of sweet likening score (7.07 ± 0.57), DMFT+X ray (6.98 ± 1.43)
,DMFT(5.72 ± 1.09) (p=0.001) and no significant differences were found in this regard between AG
and GG genotype. The results of the present study were in accordance with those reported by
Kulkarni in 2012, where they had revealed the association of dental caries with both taste receptor
and glucose transporter genes in Caucasian individuals12. They had demonstrated significantly high
DMFT values in carriers of the Ile variant in GLUT2 gene. Similarly Holla et al in 2015 established
the influence of lle allele of rs5400 GLUT2 genes on caries risk in Czech children19. This study
suggested that, polymorphism of GLUT2 gene contributed to caries prevalence and highlighted the
role of sweet liking as a predictor of caries risk.

CONCLUSION
This study concluded that the polymorphism of GLUT2 gene is associated with a higher
intake of sugars in Type 2 diabetes mellitus patients. It was also implied that GLUT2 gene
polymorphism is responsible for preference for high sugar containing foods thus leading to high risk
for dental caries in Type II Diabetes mellitus patients. Further research has to be conducted for
confirming the association of GLUT2 gene association in preference for foods and other caries risk
factors in various populations of different ethnic back ground.
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