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ABSTRACT
Objective:  To evaluate and compare the associations of VEGFA serum levels and SNPs (rs1570360, 
rs699947, rs3025033, and rs2146323) with periodontitis in study participants grouped by gender.
Methods: The study enrolled 261 patients with periodontitis and 441 healthy controls as a reference 
group. Patients underwent periodontal examination and radiographic analysis to confirm the 
periodontitis diagnosis. Blood samples were collected, and the DNA salting-out method was used 
for DNA extraction from peripheral venous blood. Genotyping of VEGFA (rs1570360, rs699947, 
rs3025033, and rs2146323) was performed using real-time polymerase chain reaction (RT-PCR) and 
serum level analysis was done for 80 individuals − 40 periodontitis-affected patients and 40 
reference group subjects.
Results:  The analysis of VEGFA (rs1570360, rs699947, rs3025033, and rs2146323) showed that the 
rs3025033 GG genotype was less frequent in the periodontitis group than in the reference group 
(1.6% vs. 5.7%,p = 0.008). VEGFA serum levels were not statistically significantly different between 
periodontitis patients and reference group subjects (554.29 (522.38) ng/ml vs. 581.32 (348.16) ng/
ml, p = 0.786). Individuals carrying rs1570360, rs699947, rs3025033, and rs2146323 haplotype 
A-A-G-A had decreased risks of periodontitis, while rare haplotype of VEGFA (rs1570360, rs699947, 
rs3025033, and rs2146323) was associated with increased odds of periodontitis (OR= 0.42; 95% CI: 
0.20–0.85; p < 0.017; OR= 4.08; 95% CI: 1.86–8.94; p < 0.0001, respectively).
Conclusion:  The rs3025033 GG genotype and the rs1570360, rs699947, rs3025033, and rs2146323 
A-A-G-A haplotypes may play a protective role in the development of periodontitis, but a less 
common haplotype of the same VEGFA polymorphism may be associated with the risk of 
developing periodontitis.

Introduction

Periodontitis is the 6th most prevalent chronic disease of 
mankind, affecting about 10% of the adult global population 
in the severe form. If untreated, it is a bacterial-driven 
non-resolving inflammation that leads to tooth loss due to 
the progressive destruction of the tooth-supporting apparatus 
with negative effects on chewing function and quality of life 
[1,2]. Recent advances in geroscience have shown that various 
biomarker signatures of biological ageing are longitudinally 
associated with declined physical function, morbidity, and 
mortality due to major age-related diseases, including peri-
odontitis [3]. Interestingly, periodontitis has a documented 
higher prevalence in men (~57%) compared to women 
(~39%), signifying a possible sex bias in disease pathogenesis 
[4]. This disease is responsible for a large proportion of eden-
tulous people and people with masticatory dysfunctions, 
leads to a significant increase in dental care costs and has a 

negative impact on overall health [5]. During periodontitis, 
host defence can lead to the loss of periodontal attachment, 
alveolar bone and, eventually, of the tooth [6,7].

The periodontal vasculature is profoundly affected during 
onset and progression of periodontitis. The activity of cyto-
kines and growth factors such as TGF-α, TGF-β, PDGF, FGF, PGE, 
IL- 1, IL-6 and IL-8 and endotoxins, stimulates the production 
of VEGF, which is one of the most important proangiogenic 
factors [8]. It is also known that periodontitis is highly associ-
ated with genetic factors and molecular mechanisms [9].

Vascular endothelial growth factor (VEGF), an angiogenic 
cytokie, is involved in the progression of pathological condi-
tions [10]. There are seven subtypes in the VEGF family: 
VEGF-A, VEGF-B, VEGF-C, VEGF-D, VEGF-E, VEGF-F, and PlGF. 
VEGF-A is the most potent member, with its gene (VEGFA) 
location on chromosome 6p21.3, and its coding region spans 
over 14 kb [11]. VEGFA gene consists of eight different exons 
and is localized in periodontal tissue in endothelial cells, 
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macrophages, and plasma cells, and is also found in gingival 
crevicular fluid [12]. The functions of VEGFA are diverse: it 
may be involved in cell adhesion, chemotaxis, cell prolifera-
tion, along with regulation of blood vessel development and 
extracellular matrix remodelling [13]. It also stimulates nitric 
oxide production and is involved in bone resorption [14].

Periodontal inflammation affects the vasculature of peri-
odontium and enhances the expression of specific mediators, 
along with the promotion of angiogenesis [15]. VEGFA is 
involved in both pathological and physiological neovascular-
ization, and its expression is increased in periodontitis patients 
[16]. Several mediators, such as tumour necrosis factor α, IL-1, 
IL-6, IL-8, endotoxins, prostaglandin E and fibroblast growth 
factor, stimulate the synthesis of VEGFA [17]. However, it is 
important to note that VEGFA levels can increase, decrease, or 
remain unchanged [18]. It is also important to note, that some 
researchers report a decrease in VEGF expression after patients 
undergo periodontal treatment [17,19], although others state 
that it remains unchanged [20]. This leads to conflicting scien-
tific findings regarding VEGFA expression in periodontitis 
patients [21]. Differences in reporting whether expression 
increased or decreased could be caused by various reasons, 
such as induction of proinflammatory cytokines or periodonto-
pathic pathogens [18,22]. Therefore, we performed a compre-
hensive analysis to evaluate and confirm the associations of 
VEGFA with periodontal inflammation; we focused on the 
intron region (rs1570360 − 1154 G > A (chromosome 6:43770093 
(GRCh38)), rs699947 − 2578 C > A (chromosome 6:43768652 
(GRCh38)), rs3025033 18123 A > G (chromosome 6:43783338 
(GRCh38)), rs2146323 12143 C > A (chromosome 6:43777358 
(GRCh38))) as it has been shown to be highly polymorphic and 
the most studied polymorphisms [23].

This study aimed to evaluate and compare the associa-
tions of VEGFA serum levels and SNPs (rs1570360, rs699947, 
rs3025033, and rs2146323) with periodontitis in study partic-
ipants grouped by gender.

Materials and methods

Ethical approval and data protection

The study was conducted at the Department of Prosthodontics, 
Lithuanian University of Health Sciences Hospital, and the 
Neuroscience Institute of the Lithuanian University of Health 
Sciences. The Ethics Committee for Biomedical Research 
approved the study (No. BE −2-20). All subjects gave written 
informed consent in accordance with the Declaration of 
Helsinki. Personal data containing sensitive information (first 
and last name, age, sex, medical history) were coded.

Materials

Inclusion and exclusion criteria
The study was performed on Lithuanian women and men, 
who came in for a check-up to the periodontist or prostho-
dontist in Lithuanian University of Health Sciences Hospital, 
Kaunas Clinics, and fulfilled the inclusion criteria along with 
an agreement to participate in this analytical cross-sectional 
study. The timeframe of patients enrolment in the study was 

from 2021 May to 2022 June. In total there were 261 patients 
with periodontitis (mean age 70 ± 17 years) and 441 reference 
patients (mean age 69 ± 18 years). Patients were selected 
according to the following criteria:

Inclusion criteria for periodontitis affected patients for this 
study were (in accordance to the ‘2017 Classification of 
Periodontal and Peri-implant Diseases and Conditions’ classi-
fication of periodontal diseases [24] (source: https://aap.
onlinelibrary.wiley.com/toc/19433670/2018/89/S1 and https://
www.perio.org/wp-content/uploads/2019/08/Staging-and- 
Grading-Periodontitis.pdf ):

•	 Patients age >18-years old;
•	 patient’s informed and voluntary consent to partici-

pate in the study, which included radiographic and 
intraoral periodontal examination to determine the 
extent of periodontal disease;

•	 generalized periodontitis of stages III and IV - more 
than 30% of the patient’s oral region affected by peri-
odontitis (examined on their first visit to either the 
prosthodontist or periodontist

•	 radiographic evidence of bone loss;
•	 interdental clinical attachment loss ≥5mm (III–IVth 

stage periodontitis);
•	 tooth loss due to periodontitis;
•	 vertical bone loss ≥3mm;
•	 <20 remaining teeth (10 opposing pairs);
•	 Probing depths ≥6mm;

Inclusion criteria for the reference group individuals for 
this study were:

•	 no bleeding on probing (BOP);
•	 no clinical signs of gingiva inflammation;
•	 no clinical attachment loss was present, and probing 

depth was ≤3mm;
•	 no previous history of periodontal diseases.

Exclusion criteria for both groups (periodontitis and refer-
ence) of this study were:

•	 patients, who were undergoing orthodontic treatment;
•	 diabetes mellitus affected patients;
•	 patients with any medical records of chronic in

flammatory diseases, HIV, hepatitis, autoimmune 
disorders;

•	 pregnant or breastfeeding patients;
•	 patients, who had any type of infection, which 

required antibiotic treatment in the last 3 months;
•	 patients, under chemotherapy treatment (active or 

history of chemotherapy).

Intraoral periodontal and radiographic examinations 
took place during the patient’s first visit to the prostho-
dontist or periodontist. The diagnosis of periodontal dis-
ease was determined according to the consensus report of 
Working Group 2 of the World Workshop on the 
Classification of Periodontal and Peri-Implant Diseases and 
Conditions 2017 [24].

https://aap.onlinelibrary.wiley.com/toc/19433670/2018/89/S1
https://aap.onlinelibrary.wiley.com/toc/19433670/2018/89/S1
https://www.perio.org/wp-content/uploads/2019/08/Staging-and-Grading-Periodontitis.pdf
https://www.perio.org/wp-content/uploads/2019/08/Staging-and-Grading-Periodontitis.pdf
https://www.perio.org/wp-content/uploads/2019/08/Staging-and-Grading-Periodontitis.pdf


76 A. KRIAUCIUNAS ET AL.

Methods

Patients were recruited according to the inclusion and exclu-
sion criteria for this study. Each patient was subjected to clin-
ical periodontal and radiographic examination. Periodontal 
probing, along with radiographic examinations (orthopanto-
mogram, dental radiographs, and proximal digital radio-
graphs) were performed on the patients affected by 
periodontitis to evaluate bone loss. Manual probe measure-
ments were carried out using periodontal probe Colorvue 
(manufacturer Hu-Friedy Mfg. Co., Inc. Zweigniederlassung 
Deutschland) and bone measurements were made digitally 
by using calibrated radiographical imaging with digital mea-
surement scale. After examination, patients, affected by any 
of the four stages of periodontitis (I, II, III and IV) were 
included in the study. The clinical parameter that divided 
patients into groups was the extent of the disease. Our study 
included patients with a generalized distribution of disease 
(> 30% of the teeth were affected (all four stages of peri-
odontal inflammation were included)).

There were 2 investigators (a prosthodontist and a perio-
dontist) who analyzed both the intraoral examination data 
and radiographs to conclude the diagnosis of periodontitis 
and to evaluate the patient for the generalized extent of dis-
ease (Figure 1). Both investigators have used Williams peri-
odontal probes (Michigan O probe, Hu-Friedy Mfg. Co, 
Chicago, IL USA) to analyze the extent of the disease intra-
orally by measuring the interdental CAL at site of greatest 
loss (as it is stated in the ‘2017 Classification of Periodontal 
and Peri-implant Diseases and Conditions’ [24]). Radiographical 
analysis was performed, and the measurements were done 
by the same machine and the same program.

Sample preparation, DNA extraction, genotyping, and 
enzyme-linked immunosorbent assay
Blood samples were collected by venipuncture, using tourni-
quet. BD Vacutainer needles and BD Vacutainer® spray-coated 
K2 EDTA Tubes (for whole blood haematology determinations) 
and BD Vacutainer™ Glass ACD Solution Tubes (with yellow 
closure, to obtain whole blood or plasma sample) were used.

Vacuum tubes with EDTA were used to draw a predeter-
mined blood volume for DNA extraction. After collecting the 
whole blood, it was left undisturbed at room temperature. 
Usually, it took 15 to 30 min. Then, the clot was removed by 
centrifuging at 1000–2000 x g for 10 min in a refrigerated 

centrifuge. In the end, serum was poured into Eppendorf. 
EDTA (violet colour-coded) tubes were used for DNA and 
plasma analysis, whereas when the Clot Activator & Gel Tubes 
(yellow colour-coded tubes) were used for serum analysis.

DNA salting-out method was used for DNA extraction 
from peripheral venous blood. VEGFA (rs1570360, rs699947, 
rs3025033, and rs2146323) genotyping was performed using 
TaqMan®® genotyping assays (Applied Biosystems Foster City, 
CA, USA) according to the manufacturer’s instructions using 
real-time polymerase chain reaction (RT-PCR). A serum VEGFA 
levels were evaluated in duplicates for 40 periodontitis-affected 
patients and 40 reference group subjects. Both groups con-
sisted of 20 females and 20 males. Samples were randomly 
selected. Serum VEGF-A levels were determined by sandwich 
enzyme-linked immunosorbent assays, using the Human 
VEGF-A ELISA Kit (Cat. No. BMS277- 2TEN) following the man-
ufacturer’s instructions. Results were observed using a 
Multiskan FC microplate photometer (Thermo Scientific, 
Waltham, MA, USA) optical density was measured at 450 nm. 
VEGF-A assay range of the standard curve was: 23.4–1500 pg/
mL, and assay analytical sensitivity was <5 pg/mL.

Statistical analysis
Statistical analysis was performed using SPSS/W 29.0 soft-
ware (Statistical Package for the Social Sciences for Windows, 
Inc., Chicago, IL, USA). Descriptive data were evaluated for 
normality using the Kolmogorov–Smirnov test. Continuous 
variables were presented as median with interquartile range 
(IQR) or mean and standard deviation based on data distribu-
tion. The Mann–Whitney test was used to compare two 
groups for non-normally distributed data.

Absolute numbers with percentages were used for geno-
type frequency expressions. The χ2 test was used for the dis-
tribution comparison of VEGFA (rs1570360, rs699947, 
rs3025033, and rs2146323) in the periodontitis and reference 
groups. Binominal regression analysis was used to estimate 
the association of genotypes on the presence of periodonti-
tis. Odds ratios (OR) and 95% confidence intervals (CI) are 
presented. Akaike Information Criterion (AIC) was used for 
the best genetic model selection; therefore, the best genetic 
models were represented by the lowest AIC values.

Binary logistic regression results were expressed as sta-
tistical genetic models (codominant: heterozygotes vs. 
major allele homozygotes and minor allele homozygotes vs. 

Figure 1.  Flow chart of patient recruitment model.
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major allele homozygotes; dominant: minor allele homozy-
gotes and heterozygotes vs. major allele homozygotes; 
recessive: minor allele homozygotes vs. major allele homo-
zygotes and heterozygotes; overdominant: heterozygotes 
vs. homozygotes with major allele and minor allele homo-
zygotes; for the evaluation of the impact of each minor 
allele of genotype on periodontitis, additive model was 
used: minor allele homozygotes vs. heterozygotes vs. major 
allele homozygotes).

SNPStats online software was used to perform haplotype 
analysis (https://www. snpstats.net/snpstats/(accessed 2 April, 
2022) [25]). Haplotype analysis was performed using the 
online SNPStats program (https://www.snpstats.net/start.htm). 
D′ (deviation between the expected haplotype frequency and 
the observed frequency) and r2 (square of the haplotype fre-
quency correlation coefficient) measures were used for the 
linkage disequilibrium (LD) analysis assessment. Associations 
of haplotypes with periodontitis were assessed by logistic 
regression, using OR with a 95% CI. Statistically significant 
differences were observed when p < 0.05.

After Bonferroni correction, statistically significant differ-
ences were observed when p < 0.0125.

Results

Genotype and allele associations with periodontitis

The study enrolled 261 patients with periodontitis: 107 
(41.00%) men and 154 (59.0%) women. The median age was 
70 years (IQR = 17). The reference group consisted of 441 
subjects: 213 (48.3%) men and 228 (51.7%) women; the 
median age within the group was 69 years (IQR = 18) 
(Table S1).

The analysis of VEGFA (rs1570360, rs699947, rs3025033, 
and rs2146323) showed that the rs3025033 GG genotype was 
less frequent in the periodontitis group than in the reference 
group (1.6% vs. 5.7%, p = 0.008) (Table 1).

Binary logistic regression analysis was performed to evalu-
ate the presence of rs1570360, rs699947, rs3025033, and 
rs2146323 in periodontitis. The analysis revealed that the 
VEGFA rs3025033 GG genotype was associated with a 4-fold 
decreased odds of periodontitis under the codominant model 
(OR = 0.25; CI: 0.09–0.73, p = 0.011) (Table 2). We have also 
prepared a binary logistic regression analysis between peri-
odontitis and the reference group when age and gender 
were selected as covariates. However, these results did not 
show statistically significant results after the Bonferroni cor-
rection (Supplementary material Table S2).

Genotype and allele distribution of VEGFA SNPs 
(rs1570360, rs699947, rs3025033, and rs2146323) was per-
formed separately between males and females. The analysis 
did not reveal any statistically significant results 
(Supplementary material Table S3 and Table S4). Binary 
logistic regression analysis was performed to evaluate the 
association of VEGFA (rs1570360, rs699947, rs3025033, and 
rs2146323) on periodontitis development in males (Table 
S5) and in females (Table S6). However, the analysis did not 
reveal any statistically significant results after the Bonferroni 
correction (p > 0.05/4).

Also, study groups were divided in two groups by median 
age (>70 years old, and < =70 years old). However, after 
Bonferroni correction, the analysis revealed no statistically 
significant results between periodontitis and reference group 

Table 1. G enotype and allele distribution of VEGFA (rs1570360, rs699947, 
rs3025033, and rs2146323) in periodontitis and reference groups.

Genotype/Allele

Periodontitis
n = 261
n (%)

Reference group
n = 441
n (%) p-value

rs1570360
 GG  120 (46.0) 196 (44.4) 0.158
  AG 103 (39.5) 156 (35.4)
  AA 38 (14.5) 89 (20.2)
 T otal 261 (100) 441 (100)
 G  343 (65.7) 548 (62.1) 0.179
  A 179 (34.3) 334 (37.9)
rs699947
  AA 63 (24.1) 133 (30.2) 0.217
  AC 137 (52.5) 209 (47.4)
 CC  61 (23.4) 99 (22.4)
 T otal 261 (100) 441 (100)
  A 263 (50.4) 475 (53.9) 0.208
 C  259 (49.6) 407 (46.1)
rs3025033
  AA 176 (67.4) 274 (62.1) 0.023
  AG 81 (31.0) 142 (32.2)
 GG  4 (1.6)1 25 (5.7)a

 T otal 261 (100) 441 (100)
  A 433 (83.0) 690 (78.2) 0.033
 G  89 (17.0) 192 (21.8)
rs2146323
 CC  122 (46.7) 185 (42.0) 0.236
 C A 108 (41.4) 185 (42.0)
  AA 31 (11.9) 71 (16.1)
 T otal 261 (100) 441 (100)
 C  352 (67.4) 555 (62.9) 0.088
  A 170 (32.6) 327 (37.1)

p-value - significance level;
a(GG vs. AA + AG) p = 0.008; Bonferroni-corrected significance threshold (p < 0.0125).

Table 2.  Binomial logistic regression analysis of periodontitis and reference 
groups.

Model Genotype/allele OR (95% CI)* p-value AIC

rs1570360
 C o-dominant AG vs. GG

AA vs. GG
1.08 (0.77–1.51)
0.70 (0.45–1.09)

0.661
0.110

926.7

 D ominant AG + AA vs. GG 0.94 (0.69–1.28) 0.693 928.4
  Recessive AA vs. GG + AG 0.67 (0.44–1.02) 0.063 924.9
  Over-dominant AG vs. GG + AA 1.19 (0.87–1.63) 0.278 927.3
  Additive A 0.88 (0.71–1.08) 0.221 927.0
rs699947
 C o-dominant AC vs. AA

CC vs. AA
1.38 (0.96–2.00)
1.30 (0.84–2.02)

0.085
0.239

927.4

 D ominant AC + CC vs. AA 1.36 (0.96–1.92) 0.086 925.5
  Recessive CC vs. AA + AC 1.05 (0.73–1.52) 0.778 928.4
  Over-dominant AC vs. AA + AC 1.23 (0.90–1.67) 0.192 926.8
  Additive C 1.15 (0.92–1.42) 0.211 926.9
  rs3025033
 C o-dominant AG vs. AA

GG vs. AA
0.89 (0.64–1.24)
0.25 (0.09–0.73)

0.484
0.011

921.8

 D ominant AG + GG vs. AA 0.79 (0.57–1.09) 0.157 926.5
  Recessive GG vs. AG + AA 0.26 (0.09–0.75) 0.013 920.3
  Over-dominant AG vs. AA + GG 0.95 (0.68–1.32) 0.749 928.4
  Additive G 0.74 (0.56–0.98) 0.034 923.9
rs2146323
 C odominant CA vs. CC

AA vs. CC
0.89 (0.64–1.23)
0.66 (0.41–1.07)

0.468
0.092

927.6

 D ominant CA + AA vs. CC 0.82 (0.61–1.12) 0.216 927.0
  Recessive AA vs. CC + CA 0.70 (0.45–1.10) 0.126 926.1
  Over-dominant CA vs. CC + AA 0.98 (0.72–1.33) 0.882 928.5
  Additive A 0.83 (0.67–1.04) 0.102 925.8

OR: odds ratio; CI: confidence interval; p–value: significance level; AIC: akaike 
information criteria.
*Bonferroni-corrected significance threshold (p < 0.0125).

https://www
https://www.snpstats.net/start.htm
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
https://doi.org/10.1080/00016357.2023.2260000
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subjects compared in age groups. The results are presented 
in the supplementary material (Table S7 – Table S10).

VEGFA serum levels in periodontitis patients and 
reference group subjects

We found that VEGFA serum levels were not statistically sig-
nificantly different between periodontitis patients and refer-
ence group subjects (554.29 (522.38) ng/ml vs. 581.32 (348.16) 
ng/ml, p = 0.786) (Figure 2A).

Analysis showed elevated VEGFA serum levels in reference 
group females compared to males (median (IQR): 598.15 (425.55) 
ng/mL vs. 402.65 (481.61) ng/mL, p = 0.047) (Figure 2B). However, 
no statistically significant results were found between females 
and males in periodontitis group (median (IQR): 597.67 (832.85) 
ng/mL vs. 313.38 (314.86) ng/mL, p = 0.076) (Figure 2C).

Serum VEGFA levels comparison between study groups and 
genotypes was performed; Analysis revealed lower VEGFA serum 
levels in the periodontitis subjects with rs1570360 GG genotype 
compared to reference group subjects (median (IQR): 315.06 
(297.64) ng/mL vs. 508.64 (414.46) ng/mL, p = 0.033) (Table S11).

We performed haplotype analysis of VEGFA (rs1570360, 
rs699947, rs3025033, and rs2146323) polymorphisms. Pairwise 
linkage disequilibrium (LD) between studied polymorphisms 
was observed. The deviation between the predicted haplo-
type frequency and the observed frequency (D’) was calcu-
lated, and the square of the correlation coefficient (r2) was 
estimated. Data are presented in Table S12.

We analyzed haplotype frequencies, and the statistical 
analysis of periodontitis showed that individuals carrying 

rs1570360, rs699947, rs3025033, and rs2146323 haplotype 
A-A-G-A had decreased risks of periodontitis, while rare hap-
lotype of VEGFA (rs1570360, rs699947, rs3025033, and 
rs2146323) was associated with the increased odds of peri-
odontitis (OR = 0.42; 95% CI: 0.20 − 0.85; p < 0.017; OR = 6.01; 
95% CI: 2.19 − 16.45; p < 0.0001, respectively) (Table 3).

Discussion

This study analyzed four SNP’s in the VEGFA gene and their 
association with periodontitis. Our study revealed that the 
rs3025033 GG genotype was associated with a lower probabil-
ity of developing periodontitis. Importantly, analysis of haplo-
type frequencies revealed, that individuals carrying rs1570360, 
rs699947, rs3025033, and rs2146323 haplotype A-A-G-A had a 
lower risk of periodontitis. However, a rare haplotype of VEGFA 
(rs1570360, rs699947, rs3025033, and rs2146323) was found to 
be associated with increased odds of periodontitis development.

It is known, that VEGF is the most potent angiogenic and 
vasculogenic factor involved in tertiary dentine formation. 
VEGF, an endothelial-specific secreted protein, plays an import-
ant role in angiogenesis [26]. VEGF has been reported to be 
expressed in human pulp and to play an autocrine and para-
crine role in local blood vessels and immune cells [27]. Sakai 
et  al. in a previous study, pulpal stem cells were found to 
secrete VEGF during activation [28], and VEGF was found to 
induce the proliferation and differentiation of human pulp 
cells into odontoblasts and may be a useful growth factor in 
the repair of damaged pulp and dentine [29]. Although no sci-
entific literature data were found for the above-mentioned 

Figure 2. V EGFA serum levels in periodontitis and reference group subjects. Mann-Whitney U test was used to Assess serum. (A) VEGFA serum levels comparison 
between periodontitis and reference group subjects. (B) VEGFA serum levels comparison between females and males in reference group. (C) VEGFA serum levels 
comparison between females and males in periodontitis group.

Table 3.  Haplotype association with periodontitis.

Haplotype
VEGFA 

rs1570360
VEGFA 

rs699947
VEGFA 

rs3025033
VEGFA 

rs2146323

Frequency

OR (95 % CI) p-value
Reference 
group (%)

Periodontitis 
group (%)

1 G C A C 31.86 36.39 1.00 –
2 A A A C 16.52 14.13 0.77 (0.53 − 1.11) 0.17
3 G A A A 14.75 15.93 1.01 (0.70 − 1.45) 0.98
4 A A A A 10.65 9.18 0.78 (0.51 − 1.19) 0.25
5 G C G C 9.84 6.94 0.72 (0.42 − 1.21) 0.21
6 A A G A 6.12 2.89 0.42 (0.20 − 0.85) 0.017
7 G A G A 5.29 3.42 0.57 (0.28 − 1.16) 0.12
8 A C A C 4.18 5.14 1.37 (0.74 − 2.52) 0.31
Rare * * * * NA NA 6.01 (2.19 − 16.45) <0.0001
OR: odds ratio; CI: confidence interval; p-value: significance level (statistically significant when p < 0.05).
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SNPs in the VEGFA gene and their association with periodonti-
tis, scientists Balci et  al. found that VEGF expression may be 
present during periodontal inflammation [30]. However, there 
were no differences in VEGF expression in gingival biopsy 
specimens from 15 systemically and orally healthy individuals, 
15 systemically healthy periodontitis patients, 15 systemically 
and orally healthy smokers, and 15 systemically healthy smoker 
periodontitis patients who participated in the present study 
[31]. It is important to note that inconsistencies regarding 
VEGFA expression have been found in various studies [30,31]. 
A study by Ramya et  al. that examined patients with type 2 
diabetes with and without periodontitis concluded that peri-
odontal disease may have an effect on VEGFA levels [32].

Although sufficient evidence for VEGFA expression in peri-
odontal patients was not found in the scientific literature, 
only studies analyzing nearby anatomical regions were found. 
In a research done by Zhang et  al., it was found, that VEGFA 
had a positive effect in enhancing pulp cell proliferation and 
neovascularization, along with the formation of reparative 
dentine [33]. Other scientists group have noted, that VEGFA 
differential expression was superior in platelet rich fibrine 
(PRF) in comparison to platelet-rich fibrin matrix (PRFM) and 
dental pulp, which could be beneficial in regards to PRF use 
for pulp vascularity restoration and pulpal healing [34]. Also, 
in a research done by Sosa et  al. it was found, that the 
expression of VEGFA and its receptors is significantly higher 
in mature apex teeth, in comparison to the immature apex 
teeth [35]. When analyzing VEGFA expression immunohisto-
chemical data, it was noted, that the expression was strongly 
positive in the inflammatory infiltrate of pulpitis cases [36].

Nevertheless, when analysing VEGFA role in pharyngeal 
tissue of patients, affected by obstructive sleep apnoea 
hypopnoea syndrome, scientists Zeng et  al. noted the great 
importance of VEGF expression and relationship with the 
degree of hypoxia in patients affected by this syndrome [37]. 
Safak et  al. have also found that VEGF expression of the ton-
siliar surface epithelium increases in patients [38].

In addition, favourable results were found when neigh-
bouring regions where diseases were associated with VEGFA 
polymorphisms were analyzed. Dimitrakopoulos et  al. have 
reported, that VEGFA rs13207351 was the most clinically 
promising polymorphism in relation to the Head and Neck 
Cancer (HNC) prognosis [39]. Chen et  al. have found, that 
VEGFA expression could be an indication of a low survival rate 
in oesophageal carcinoma [40]. In contrast, Formento et  al. 
investigated that VEGFA 936 C > T may not be a prognostic fac-
tor in head and neck cancer patients [41]. Although Xu et  al. 
performed a meta-analysis in which they analyzed VEGFA 
+936 C > T polymorphisms, the results showed that there were 
no differences between T and C despite the existing associa-
tion [42]. However, a study on the association with HNC con-
cluded that the aforementioned polymorphisms were not 
associated with the disease in both Asians and Caucasians [43].

Researchers have found that VEGFA polymorphisms have a 
significant association with the risk of oesophageal cancer (EC) 
[44, 45]. Eng et  al. conducted a study in which they found no 
association between VEGFA polymorphisms and overall survival 
and progression-free survival of patients with oesophageal 
cancer [46]. However, Yang, et  al. represented different results, 

with VEGFA rs2010963 polymorphism showing an association 
with a better overall survival rate of patients with advanced 
oesophageal squamous cell carcinoma [47].

When VEGFA polymorphisms were analyzed, they were 
also found to be associated with the risk of nasopharyngeal 
carcinoma (NPC). Scientists Wang et  al. investigated that 
patients with the VEGFA − 2578 A allele had a significant asso-
ciation with an increased risk of NPC [48]. Moreover, 
VEGFA − 1154 GG was found to be a poor prognostic marker 
for survival in patients suffering from oral squamous cell car-
cinoma [49]. Moreover, Psoma et  al. have concluded, that 
VEGFA polymorphisms might also be associated with the clin-
ical prognosis of NPC patients [50].

The following studies show that VEGFA polymorphisms are 
both a prognostic marker and an inflammatory component 
for several diseases, including periodontitis. The results sug-
gest mixed conclusions, as further studies are required for 
additional results, with larger populations and VEGFA poly-
morphisms assessment in the periodontitis field.

Several limitations of the present study need to be consid-
ered. We did not include periodontitis stages, and we did not 
analyze periodontitis stages in relation to SNP. Furthermore, 
the analysis of important aetiological factors in periodontitis 
development, i.e. smoking and alcohol consumption, was not 
carried out in the present study. However, this is foreseen as 
a targeted task in future investigations.

Conclusions

The rs3025033 GG genotype and the rs1570360, rs699947, 
rs3025033, and rs2146323 A-A-G-A haplotypes may play a 
protective role in the development of periodontitis, but a 
rare haplotype of the same VEGFA polymorphisms may be 
associated with the risk of developing periodontitis.
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