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Objective  The aim of the study was to investigate the potential interaction between 
TCF7L2 rs7903146 genotype, which is implicated for type-2 diabetes mellitus genetic 
susceptibility, HbA1c levels, and the periodontal status of dental patients. 
Materials  and Methods  HbA1c levels, clinical periodontal parameters (probing depth, 
clinical attachment level, bleeding on probing, and plaque index), and several parameters 
(such as body mass index [BMI], smoking habits, education level, and age) were recorded in 
150 patients who fulfilled the criteria for screening for prediabetes/diabetes of the Centers 
for Disease Control and Prevention. DNA was extracted and the TCF7L2 single nucleotide 
polymorphism (SNP) rs7903146 was genotyped in all participants. 
Results  Thirty-one patients out of 150 tested were found with unknown hyperglyce-
mia (20.7%). Regarding sex, education, parent with diabetes, normal BMI, smoking, age 
≥45 years and prior testing for diabetes, no differences were observed between patients 
displaying HbA1c < 5.7 and ≥ 5.7% (Pearson’s Chi-square test,  p  > 0.05). Regarding peri-
odontal parameters and differences between subgroups (HbA1c levels ≥ 5.7 and HbA1c 
levels < 5.7), statistically significant differences were observed for probing depth (3.20 ± 
0.94 vs. 2.81 ± 0.78 mm), clinical attachment level (3.54 ± 1.20 vs. 3.18 ± 1.06 mm) and 
bleeding on probing (0.62 ± 0.25 vs. 0.50 ± 0.24%) with hyperglycemic patients exhibit-
ing worse periodontal conditions (Mann–Whitney test  p  < 0.05). The allelic and genotype 
frequencies for the transcription factor 7-like 2 ( TCF7L2 ) gene, SNPs 7903146 did not 
exhibit a significant difference between the HbA1c > 5.7 and HbA1c < 5.7 groups and 
the periodontitis and nonperiodontitis subgroups respectively (Fisher’s exact test >0.05). 
Statistical Analysis Patient characteristics and their association with prediabetes were 
tested by Pearson’s Chi-square test (asymptotic, two sided). Differences of periodontal 
parameters between subgroups were tested with the Mann–Whitney U-test. The associations 
of allele and genotype frequencies in the patient and control groups were analyzed using the 
Fisher’s exact test of independence.The significance level was set at the 0.05 for all tests.
Conclusion  A statistically significant association between TCF7L2 rs7903146 genotype 
and periodontal condition or HbA1c levels was not observed in contrast to statistically sig-
nificant differences of clinical parameters of periodontitis in patients with hyperglycemia. 
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Introduction
Periodontal disease in the forms of gingivitis and periodon-
titis is widespread and significantly affecting both individual 
welfare and health care systems.1 While extensive epidemi-
ological data2 has shown that periodontal disease increases 
the risk of poor glycemic control in patients diagnosed with 
type-2 diabetes mellitus (T2DM), as well as diabetes compli-
cations and associated morbidity, it has also been proven that 
prediabetes and diabetes are associated with an increased 
rate of initiation, progression and severity of periodontal 
disease in the oral cavity so oral health professionals are 
strongly recommended to contribute to the early diagnosis of 
these conditions in dental patients.

In fact, a number of studies3,4 has shown that screening for 
prediabetes/diabetes and referring to physicians, especially 
when patients fulfill validated questionnaire criteria, is feasi-
ble at the dental clinics, albeit differences in the investigated 
population (patients with periodontal disease or unknown 
periodontal condition) and the methodology applied (e.g., 
testing for free glucose levels or HbA1c).

In addition, important information regarding pathogenetic 
pathways of periodontal disease and T2DM could be provided 
by investigating inflammatory mediators in serum and/or 
saliva in order to establish the periodontal systemic interaction 
as already shown, especially in cardiovascular disease (CVD) 
and specific biomarkers and immunological response.5-7 In 
particular saliva, due to noninvasiveness, ease in sample col-
lection and handling at the dental settings appears as a feasi-
ble tool for screening for both oral and nonoral diseases.8

Besides, other than obesity, ethnicity, nutritional, and 
various lifestyle habits,9 T2DM has a strong genetic basis 
and therefore genetic-based tests could contribute to early 
diagnosis and treatment.10 It is estimated that more than 
200 genetic loci have been identified aiming to have the 
genetic component of T2DM defined.11 Among them, poly-
morphisms of the transcription factor 7-like 2 (TCF7L2) gene 
which is located on chromosome 10q.25.2-25.3 have been 
widely identified in populations of different origins.12 This 
protein, part of the Wnt-signaling pathway, is known to reg-
ulate basic functions of pancreatic islet cells and also control 
the transcription of the proglucagongene.13 The TCF7L2 gene 
is not exclusively expressed in pancreas, as it has also been 
identified in other organs which participate in metabolic 
homeostasis 9 (liver, gut and skeletal muscle).

An association between this gene and T2DM both 
overall and in Caucasians, is revealed through original 
research papers along with meta-analyses showing strong 
evidence for North Europeans, East Asians, and Indians. 
More specifically, potential multiplicative genetic model 
for four single nucleotide polymorphisms (SNPs) of the 
TCF7L2 gene (rs7901695 T-to-C, rs11196205 G-to-C, 
rs12255372 G-to-T, and rs7903146C-to-T) among different 
ethnic populations is suggested allowing for the last two 
variants to be taken as reference loci in order to explore 
T2DM susceptibility.12,14

The aim of present study was to screen dental patients 
of Greek origin for prediabetes/diabetes and identify the 

possible relation of TCF7L2 rs7903146 genotype with this 
condition and their periodontal status.

Materials and Methods
Patient Sample
The sample pool of possible participants consisted of 
731 consecutive patients who visited the Department 
of Periodontology, Dental School, Aristotle University, 
Thessaloniki, Greece, and the Periodontal Department of 
424 General Army Hospital, Thessaloniki, Greece. Patients 
were deemed eligible as long as they fitted the following 
inclusion criteria: age >30 years, absence of systemic diseases 
or medications known to affect periodontal tissues, without 
infectious conditions (hepatitis or HIV), or pregnancy and lac-
tation, who did not receive periodontal treatment or antibiot-
ics within the last 6 months. After applying the self-assessed 
questionnaire proposed by the Centers for Disease Control 
and Prevention (CDC, United States),15 150 patients being 
at high risk for developing diabetes mellitus (score >9) were 
identified and included in the study. The minimally required 
sample size for identifying patients with undiagnosed diabe-
tes (n = 139) was calculated according to the mean percent-
age of undiagnosed diabetes in Europe (10%) as described 
before.16 Participants signed an informed consent and the 
study was conducted according to the protocol outlined by 
the Research Committee, Aristotle University of Thessaloniki, 
Greece, and approved by the Ethical Committee of the School 
of Dentistry (protocol number: 64, 06/12/2018).

Clinical Procedures
Among patients who fulfilled the CDC criteria, the Cobas 
b101 (Roche Diagnostics) in vitro diagnostic test system 
for determination of HbA1c levels was applied. The system 
determines the amount of HbA1c in human capillary blood 
by photometric transmission measurement. The method has 
been standardized against the IFCC (International Federation 
of Clinical Chemists) reference method.17 Several parameters, 
including body mass index (BMI), age, level of education, and 
smoking, were also recorded. All patients identified with 
hyperglycemia (HbA1c ≥ 5.7%) were strongly recommended 
to contact their physician for further consultation, and labo-
ratory tests. Participants were also polled about the ease of 
the procedure at the dental clinic.

Participants were instructed to provide a 10-mL unstim-
ulated saliva sample in a sterilized plastic centrifuge 
tubes (Greiner Bio-one International GmbH). Prior to the 
saliva collection, they were instructed to refrain from oral 
hygiene, eating, drinking, or smoking for at least 1 hour. 
Saliva samples were kept at 80C until analyzed. Following 
saliva collection, a full-mouth periodontal examination was 
performed with an automated probe (Florida Probe; Florida 
Probe Corporation, Gainesville, Florida, United States) by 
one calibrated examiner (A.G.). Periodontal examination 
included clinical measurement of probing depth (PD), clin-
ical attachment level (CAL), bleeding on probing (BOP), and 
plaque levels in six surfaces of each tooth, excluding third 
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molars. Diagnosis of stage and grade of periodontitis was 
according to the revised classification of periodontal dis-
eases as described.1

DNA Extraction
DNA was extracted from 150 saliva samples using the 
Quick-DNA Miniprep Plus Kit (Zymo Research; Irvine, California, 
United States), following the manufacturer’s protocol. The 
extracted DNA was stored at–20°C until further analysis.

Polymerase Chain Reaction
Polymerase chain reaction (PCR) for the TCF7L2 SNP 
rs7903146 was performed using the following primers:

5′-ACAATTAGAGAGCTAAGCACTTTTTAGGTA-3′ (forward) 
and 5′-GTGAAGTGCCCAAGCTTCTC-3′ (reverse).18

The PCR amplification was carried out in a 25-μL reac-
tion volume containing 2 μL of template DNA, 0.2 μM of 
each Primer (Integrated DNA Technologies; Coralville, Iowa, 
United States), 200 μM of each dNTP (dNTP Bundle, Jena 
Bioscience, Jena, Germany), 1X of KAPA Taq Buffer A 10X 
with 1.5 mMMgCl2 (KAPATaq PCR kit, Kapa Biosystems, Inc., 
Wilmington, Massachusetts, United States; Roche, Basel, 
Switzerland), 0.5U of KAPA Taq DNA Polymerase (Kapa 
Biosystems, Inc., Wilmington, Massachusetts, United States; 
Roche, Basel, Switzerland) and sterile ddH20. The PCR cycling 
conditions comprised an initial 5-minute heating step at 
94°C, followed by 35 cycles of 30 seconds at 94°C, 30 seconds 
at 58°C, and 30 seconds at 72°C, and a final extension at 72°C 
for 5 minutes. The PCR products were visualized by 2% aga-
rose gel electrophoresis using a 100 bp DNA Ladder (Nippon 
Genetics Europe GmbH, Düren, Germany) and were iden-
tified by Midori Green staining (Nippon Genetics Europe 
GmbH, Düren, Germany).

Restriction Fragment Length Polymorphism
Genotyping of TCF7L2 polymorphism rs7930146 was car-
ried out by digesting the 188 bp PCR products in a reaction 
mixture with 10U of the restriction enzyme RsaI (Minotech 
Biotechnology, Heraklion, Crete, Greece), 1X RsaI Buffer 
(Minotech Biotechnology), and sterile ddH20 up to a final 
volume of 20 μL. The reaction mixture was incubated at 37°C 
for 4 hours.

The cleaved products were separated with gel electropho-
resis on 2% agarose gel (►Fig. 1). In the rs7903146 C allele, 
the RsaI enzyme recognizes the restriction site 5′-GT ▼ AC-3′ 
and produces two fragments, 159, and 29 bp, whereas the 
rs7903146 T allele is not cleaved, and the PCR product 
remains 188 bp.

Statistical Analysis
Statistical analyses were performed with the IBM SPSS 
25 Statistical Software Package (IBM Corporation, United 
States). Patient characteristics and their association with 
prediabetes were tested by Pearson’s Chi-square test (asymp-
totic, two sided) and are displayed in ►Table 1. Differences 
regarding periodontal parameters assessed between sub-
groups (HbA1c levels ≥ 5.7 and HbA1c levels < 5.7) were 

tested with the Mann–Whitney U-test. The associations of 
allele and genotype frequencies in the patient and control 
groups were analyzed using the Fisher’s exact test of inde-
pendence. Odds ratios (OR) and 95% confidence intervals 
(CIs) were also calculated to determine strength of the asso-
ciations. The significance level was set at the 0.05 for all tests.

Results
Demographic and anthropocentric characteristics of patients 
are shown in ►Table 1. From the 150 participants, 76 were 
women and 74 men (average age: 53.3. years). Thirty-one 
patients out of 150 tested were found to have HbA1c ≥ 
5.7% (20.7%), 24 of which had HbA1c 5.7 to 6.4%, indicating 
undiagnosed prediabetes (16%), and seven displayed HbA1c 
≥ 6.5% (range: 6.8–7.8%, indicating undiagnosed diabetes 
(4.7%). The remaining participants (119 patients) had HbA1c 
< 5.7. Regarding variables sex, parent with diabetes, pres-
ence of normal BMI, smoking, age ≥45 years and prior test-
ing for diabetes, no statistically significant differences were 
observed between patients displaying HbA1c levels < 5.7 and 
≥ 5.7(Pearson’s Chi-square test, p > 0.05).

Regarding periodontal parameters and differences between 
subgroups (HbA1c levels ≥ 5.7 and HbA1c levels < 5.7),  

Fig. 1 The 2% agarose gel electrophoresis of RsaI digested PCR prod-
ucts. Line 1: 100 bp DNA ladder (Nippon Genetics Europe GmbH, 
Düren, Germany). Line 2: uncleaved PCR product. Line 3: C/C gen-
otype. Line 4: C/T genotype. Line 5: T/T genotype. Line 6: negative 
control. PCR, polymerase chain reaction.
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statistically significant differences were observed for prob-
ing depth (3.20 ± 0.94 vs. 2.81 ± 0.78 mm), clinical attach-
ment level (3.54 ± 1.20 vs. 3.18 ± 1.06 mm) and bleeding on 
probing (0.62 ± 0.25 vs. 0.50 ± 0.24%) with hyperglycemic 
patients exhibiting worse periodontal conditions (Mann–
Whitney test p < 0.05), but not higher levels of plaque (0.52 
± 0.27 vs. 0.47 ± 0.28%), respectively (Mann–Whitney test p 
> 0.05). Genotype frequencies for rs7903146 variants (C/T) in 
the TGF7L2 gene and distribution of alleles C and T in patients 
with HbA1c > 5.7 and < 5.7 are summarized in ►Table 2. The 
comparison revealed no association (Pearson’s Chi-square 
test, p = 0.524 [not significant], Fisher’s exact test, p = 0.547 

[not significant]) with HbA1c levels with OR of 0.95 for CC vs 
(TT and CT) in patients with HbA1c < 5.7 (95% CI: 0.80–1.12) 
and 1.23 (95% CI: 0.66–2.29) in patients with ≥ 5.7 HbA1c. 
Similarly, ►Table 3 shows the genotype frequencies and the 
distribution of alleles C/T according to the periodontal condi-
tion of the 150 patients. There was no significant difference 
(Pearson’s Chi-square test, p = 0.453 [not significant], Fisher’s 
exact test p = 0.548 [not significant]) between carriage of these 
alleles and the periodontitis and nonperiodontitis subgroups 
with OR of 1.07 for CC vs (TT and CT) in patients with peri-
odontitis (95% CI: 0.90–1.26) and 0.79 in nonperiodontitis 
patients (95% CI: 0.41–1.49).

Table 1   Demographic and patients characteristics data of participants (n = 150)

Data Mean + SD

Age (y) 53.33 ± 11.61

Weight (kg) 88.35 ± 18.09

Height (cm) 170.74 ± 9.71

Waist (cm) 102.26 ± 15.94

BMI (kg/m2) 30.10 ± 4.87

Patients characteristics Number (%)

Sex Women 76 (50.7)

Men 74 (49.3)

Education Elementary 3 (2.0)

Middle 70 (46.7)

Technical school 4 (2.7)

University 59 (39.3)

Postgraduate 14 (9.3)

Exercise Yes 4 (2.7)

Smoking Yes 100 (66.7)

No 45 (30.0)

Electronic 5 (3.3)

Age ≥45 years Yes 118 (78.7)

Prior diabetes test Yes 123 (82.0)

Annual blood test Yes 93 (62.0)

Annual dental visit Yes 91 (60.7)

Parent with diabetes Yes 54 (36.0)

Brother/sister with diabetes Yes 20 (13.3)

Normal BMI Yes 40 (26.7)

aMMP-8 Positive (≥20 ng/mL) 52 (34.7)

HbA1c <5.7% 119 (79.3)

≥5.7% 31 (20.7)

≥6.8% 7 (4.7)

HbA1c ≥5.7% Periodontitis 29 (39.5)

Nonperiodontitis 2 (6.5)

HbA1c < 5.7% Periodontitis 90 (75.6)

Nonperiodontitis 29 (93.5)

Abbreviations: BMI, body mass index; SD, standard deviation.
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Discussion
Aim of the present study was to investigate the possible cor-
relation of the TCF7L2 SNP rs7903146 with prediabetes/dia-
betes and periodontal condition in patients of Greek origin 
who fulfilled criteria of high risk for developing T2DM. In 
this patient sample, 20.7% displayed HbA1c ≥ 5.7, indicating 
prediabetes/diabetes and were referred for further diagnos-
tic procedures by their physicians. The present study did not 
reveal statistically significant difference regarding genotype 
frequencies for rs7903146 variants (C/T) in the TGF7L2 gene 
and either periodontal condition or presence of hypergly-
cemia (HbA1c levels ≥5.7), but it was confirmed that the 
presence of HbA1c levels >5.7 affected clinical parameters of 
periodontal disease.

These data enhance the recent joint guidelines by 
the International Diabetes Federation and the European 
Federation of Periodontology which encourage the par-
ticipation of dental practitioners into early diagnosis of 
prediabetes/diabetes.2

T2DM and periodontal disease are complex disorders 
and can be the result of both genetic and environmental 
interactions. However, having a susceptible genetic variant 
does not necessarily imply that the disease will be devel-
oped unless environmental cues are present. SNPs serve as  
the basis of complex diseases’ genetic variations, when iden-
tified, thus providing a means of predicting the possibility of 
development of metabolic abnormalities in individuals.19 The 

environmental susceptibility factors for both T2DM and 
periodontitis are well reported but hopefully the genetic 
side of these disease in preventive and management action 
plans will also be incorporated.20 Targeted genetic and envi-
ronmental pharmacotherapy with possible personalized 
treatment depending on the genetic susceptibility of the 
individual is now at the cutting edge of both diabetes and 
periodontitis diagnosis.

The TCF7L2 gene polymorphisms is one of the most 
common loci associated with T2DM.21 Since the association 
between the TCF7L2 SNP rs7903146 and the risk of T2DM 
was first reported in a Genome Wide Association Study 
(GWAS) by Grant et al22 numerous studies with the same 
approach21) and case control studies replicated this associ-
ation. The rs7903146 T-allele has been positively associated 
with risk for T2DM in European,23 Indian, Thai,24 and Iranian 
populations,25 East Asian populations, namely, Japanese26 
and Chinese,27 Turks,28 Arabic, and Algerian,29 African,30 
Brazilian,31and African American populations.32

However, conflicting results have been reported in some 
studies in populations from China, Indonesia,33 Saudi Arabia, 
and the United Arab Emirates,34 Egypt,35 as well as in a Native 
American population of North America, African Americans, 
Brazilian,18 and Afro Caribbeans.23 So far, the data suggest that 
the allelic frequencies of the rs7903146 SNP and possibly, the 
effect size of this SNP are variable worldwide.14

Regarding the Greek population, apart from a study by 
Katsoulis et al36 in which the role of TCF7L2 variants in the 

Table 2  TCF7L2gene rs7903146 genotype frequencies and distribution of alleles C and T in patientswith HbA1c> 5.7 and < 5.7

HbA1c > 5.7 HbA1c < 5.7 Total

TCF7L2 rs7903146 n =31 (%) n = 119 (%) n = 150 (%)

CC 15 (48.4) 50 (42) 65 (43.3)

CT CC 12 (38.7) 53 (44.5) 65 (43.3)

TT 4 (12.9) 16 (13.4) 20 (13.3)

TCF7L2 rs7903146 n = 62 (%) n = 238 (%) n = 300 (%)

C 42 (67.7) 153 (64.3) 238 (79.3)

T 20 (32.3) 85 (35.7) 62 (20.7)

Note: Pearson’s Chi-square test, p = 0.524 (not significant); Fisher’s exact test, p = 0.547 (not significant), Odds ratio (OR)= 0.95 for CC vs. (TT and CT)  
in patients with HbA1c < 5.7, 95% confidence interval (CI): 0.80–1.12 and in patients with HbA1c > 5.70, OR = 1.23; 95% CI: 0.66–2.29.

Table 3  TCF7L2gene rs7903146 genotype frequencies and distribution of alleles C and T according to periodontal condition

Nonperiodontitis Periodontitis Total

TCF7L2 rs7903146 n = 32 (%) n = 118 (%) n = 150 (%)

CC 12 (37.5) 53 (44.9) 65 (43.3)

CT 14 (43.8) 51 (43.2) 65 (43.3)

TT 6 (18.8) 14 (11.9) 20 (13.3)

TCF7L2 rs7903146 n = 64 (%) n = 236 (%) n = 300 (%)

C 38 (59.4) 157 (66.5) 195 (65)

T 26 (40.6) 79 (33.5) 105 (35)

Note: Pearson’s Chi-square test, p = 0.453 (not significant); Fisher’s exact test, p = 0.548 (not significant), odds ratio (OR) = 1.07 for CC vs. (TT and CT) 
in patients with periodontitis 95% confidence interval (CI): 0.90–1.26 and OR = 0.79 in nonperiodontitis patients 95% CI: 0.41–1.49).
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development of impaired glucose metabolism (including 
impaired fasting glucose [IFG] or T2DM) in patients with meta-
bolic syndrome (MS) was investigated, the present study is the 
first report of an association between TCF7L2 rs7903146 variants 
and prediabetes/T2DM. Christopoulos et al37 investigated the 
role of the rs7903146 variant in women with polycystic ovary 
syndrome, while Pappa et al38 and Potasso et al39 examined 
the association with gestational diabetes mellitus (GDM). 
Furthermore, a study by Boutsouris et al examined the allelic 
frequencies in T2DM patients and in a Greek population sam-
ple, respectively.

In the present study, the participants were separated 
into two subgroups based on their HbA1c levels. One sub-
group comprised of patients exhibiting normal HbA1c val-
ues (HbA1c< 5.7%) while the other subgroup consisted of 
patients identified with hyperglycemia (HbA1c ≥ 5.7%). 
The allelic and genotype frequencies for the TCF7L2 SNP 
rs7903146 did not exhibit a significant difference between 
the HbA1c > 5.7 and HbA1c < 5.7 groups, and they were not 
significantly associated with HbA1c levels (OR = 0.95; 95%: 
0.80 -1.12 in patients with HbA1c < 5.7 and 1.23 95% CI: 0.66 
-2.29in patients with³ 5.7 HbA1c). The minor T-allele fre-
quency was slightly higher in the HbA1c < 5.7 group (HbA1c 
> 5.7 = 32.3%, HbA1c < 5.7 = 35.7%), while the TT genotype 
frequency was similar in both groups (HbA1c > 5.7 = 12.9%, 
HbA1c < 5.7 = 13.4%). These results could be due to the lack 
of statistical power because of the low prevalence of patients 
with hyperglycemia as identified in the present study or due 
to the variety between ethnicities and populations.

The frequency of the risk allele in the control group was 
similar to the frequency reported by Boutsouris et al40 in a 
Greek population, as well as in Spanish, and Indian popu-
lations,41 but it was in general higher than the frequencies 
described in Europe (19.7–33.5%). Furthermore, the frequency 
was higher compared to East Asian populations, where it is 
being represented at less than 5% and lower compared to 
Arabic and North African populations (24–44%).34 The fre-
quency of the risk allele in the HbA1c > 5.7 group was similar 
to the frequency described in women with a history of GDM 
in Greece and in other Caucasian and Indian23 population 
studies, while it was higher compared to the frequency in 
East Asian populations where the T-allele was found to be 
usually occurring at levels less than 6%. The T-allele frequency 
was also lower than the levels reported in Turkish,28 Arabic, 
Algerian (38–52%),34 Brazilian (28–47,4%),31 and African pop-
ulations (36–46%) but was close to United Kingdom African 
Caribbean23 and African American populations.

No statistical differences were observed in the present 
study regarding both this specific allelic and genotype distri-
bution between patients with periodontitis and periodontally 
healthy individuals as shown in ►Table 3 (Pearson’s Chi-square 
test, p = 0.453 [not significant], Fisher’s exact test, p = 0.548 
[not significant]). To our knowledge, this is the first report in 
the literature, reporting on the possible relation of this spe-
cific SNP with the presence of periodontitis and/or the levels 
of HbA1c. Further studies, with larger patient samples are 
required in order to investigate the above described genetic 
approach of interaction of these two diseases.

In agreement with a number of studies in the literature, 
the present study confirmed the relationship of hyperglyce-
mia with inflammation of the periodontal tissues, since as 
reported in the “Results” section, clinical parameters of peri-
odontal disease, such as probing depth, clinical attachment 
level and bleeding on probing, differed statistically signifi-
cantly between patients with HbA1c < 5.7 and those with 
HbA1c ≥ 5.7 (Mann–Whitney U-test, p < 0.05).

Conclusion
In summary, the present study did not reveal statistically 
significant difference regarding genotype frequencies for 
rs7903146 variants (C/T) in the TGF7L2 gene and both peri-
odontal condition and presence of hyperglycemia (HbA1c 
levels ≥ 5.7). The presence of HbA1c levels >5.7 affected clin-
ical parameters of periodontal disease.
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