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Abstract. Even with long‑term glycemic control, diabetes 
mellitus type 2 (DM2) remains the predominant cause of 
diabetic neuropathy. Single nucleotide polymorphism (SNP) 
C936T of the vascular endothelial growth factor (VEGF) gene 
and the SNP C242T of the p22phox (CYBA) gene have been 
investigated in relation to DM2 and its complications. The aim 
of the present study was to investigate the association between 
these two SNPs and DM2, and also between the SNPs and 
the signs and symptoms of diabetic distal polyneuropathy. 
The DM2 group consisted of 98 individuals and the control 
group consisted of 104 individuals. The results demonstrated 
that there was no association between the different genotypes 
or alleles and increased risk of the disease (P>0.05). With 
SNP C242T, a significant association with body mass index 
between the CTxTT genotypes (P=0.043) was identified; 
and the greatest body mass indexes were among individuals 
with the TT genotype. An association between the degree of 
neuropathic symptoms and genotypic/allelic distribution of 
these polymorphisms was not observed. In conclusion, the 
investigated polymorphisms are not correlated with the risk of 
developing DM2.

Introduction

The vascular endothelial growth factor gene (VEGF), located 
at chromosome 6p21.3, is involved in angiogenesis modulation 
under physiologic and pathologic conditions. It is involved in 
proliferation, differentiation, migration and survival of cells, 

as well as nitric oxide production, release of other growth 
factors and sympathetic innervation. It also interacts with 
other angiogenic factors (1‑3).

The enzymatic complex nicotinamide adenine dinucleotide 
phosphate (NADPH) oxidase has an important role in normal 
vascular function and in the development of vascular diseases, 
as it is the predominant source of reactive oxygen species 
(ROS) in the vascular system (4). Its subunit p22phox has 
drawn particular attention, due to the fundamental influence 
on its structure and activity (5,6). The subunit p22phox gene, 
also termed CYBA, is located on chromosome 16q24 (7,8).

In total, 90-95% of diabetic patients have type 2 diabetes 
mellitus (DM2)  (9). It is common that individuals are not 
diagnosed for several years due to the gradual development 
of hyperglycemia, which does not cause severe symptoms 
initially. Nevertheless, the patients are under an increased risk 
of developing macrovascular and microvascular complications 
triggered by endothelial dysfunction, a process in which an 
unbalance occurs during the generation of factors derived 
from the endothelium that are responsible for vascular tone 
control (10).

After diagnosis, even with long‑term glycemic control, 
the disease remains the predominant cause of visual deficits, 
kidney disorders and lower‑limb amputation (11). Diabetic 
neuropathy is considered one of the most common microvas-
cular complications of diabetes, and distal polyneuropathy, 
is the most frequent form. It is progressive and irreversible, 
and one of the main causes of ulceration and amputation of 
the lower limbs (12). Its pathogenesis is still being investi-
gated; however, it is currently hypothesized to be caused by 
neural phenotype alterations due to hyperglycemia, and vasa 
nervorum damage due to endothelial dysfunction (13,14).

VEGF has been recognized as the main mediator in the 
pathogenesis of cardiovascular complications of diabetes 
mellitus (15). Single nucleotide polymorphism (SNP) C936T 
(rs3025039) of the VEGF gene has been investigated in rela-
tion to cancer  (16‑19), endometriosis  (20) and age‑related 
macular degeneration  (21). The effect of the SNP C242T 
(rs4673) of the p22phox gene on vascular function has 
also been extensively investigated, though the results were  
controversial (22‑25).
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Given the influence of genetic predisposition on the devel-
opment of diabetes and consequent angiopathies, the present 
study aimed to investigate the association between the C936T 
SNP of the VEGF gene and the C242T SNP of the p22phox 
gene with DM2, and also with the signs and symptoms of 
diabetic distal polyneuropathy.

Materials and methods

Study sample. The sample was composed of two groups, 
both consisting of individuals of Caucasian ethnicity, aged 
>18‑years‑old. One group was denominated ‘DM2’, consisted 
of individuals with type 2 diabetes mellitus, and the other 
one, denominated ‘control,’ consisted of individuals without 
diabetes mellitus. Patients were subjected to the following 
exclusion criteria: i) The lack of ability to understand or sign 
the informed consent form; ii) individuals with achondroplasia 
or cancer; and iii)  pregnant females. Regarding the DM2 
group, the following criteria were added to those mentioned 
above: iv) Individuals with a history or signs and symptoms 
of a central or peripheral nervous system disorder that may 
jeopardize the application of sensitivity tests; and v)  indi-
viduals that had undergone lower‑limb amputation. The study 
was approved by the local Ethics Committee of the Univates 
University Center (Rio Grande do Sul, Brazil). Informed 
consent was obtained from all participants.

Biochemical and molecule analyses. Blood (7  ml) was 
collected from each individual; 4  ml was used for DNA 
extraction and 3 ml was used to determine the lipid profile. 
The participants were asked to fast for at least 12 h prior to 
blood collection, consuming only their usual medication and 
not practicing any physical activity or smoking in the 12 h 
leading up to blood collection (26).

Lipid profile evaluation. The levels of total cholesterol (TC), 
high density lipoprotein (HDL) and triglycerides (TG) of each 
individual were evaluated through the enzymatic colorimetric 
method, using commercial kits (Cholesterol Monoreagent 
K083, HDL Cholesterol Enzymatic K015, Triglycerides 
Monoreagent K117; BioClin/Quibasa, MG, Brazil), and the 
readings were taken using automated equipment, model BS120 
(Mindray, Shenzhen, China). The evaluation of the low density  
lipoprotein (LDL) was performed using the Friedewald 
formula (LDL=TC‑HDL‑TG/5) when the triglyceride 
amount did not surpass 400  mg/dl. The following refer-
ence levels were used: TC, desirable ≤200  mg/dl and 
high when >240 mg/dl; HDL, desirable when >40 mg/dl;  
LDL, desirable ≤140 mg/dl, and high when >160 mg/dl; and 
TG, desirable ≤170 mg/dl and high when >200 mg/dl (26).

Identification of SNPs. The genomic DNA obtained from 
total peripheral blood was extracted using the salting out 
technique  (27). The identification of polymorphisms was 
performed through polymerase chain reaction followed by 
enzymatic digestion by restriction enzyme. At first, in order 
to enlarge the fragments of the investigated genes, VEGF and 
p22phox (CYBA), PCR reactions with the final volume of 50 µl 
were performed. All the reagents used were obtained from 
Invitrogen Life Technologies (Carlsbad, CA, USA), whose 

applied concentrations for the two polymorphisms were: PCR 
buffer (20 mM buffer solution Tris‑HCl pH 8.4 and 50 mM 
KCl), 1.25 units DNA Taq polymerase enzyme, 0.4 µM sense 
and antisense primers, and 0.2 mM dNTP mix. In the reactions 
for the VEGF gene, the concentration of MgCl2 was 1.5 mM, 
and for the p22phox (CYBA) gene it was 2.0 mM.

The sequences of the applied primers for the investigation 
of polymorphism C936T of the VEGF gene were as follows: 
Forward: 5'‑AAG​GAA​GAG​GAG​ACT​CTG​CGC​AGA​GC‑3' 
and reverse: 5'‑TAA​ATG​TAT​GTA​TGT​GGG​TGG​GTG​
TGT​CTA​GAG‑3' (GI:559098479 NM_001287044.1), and a 
fragment of 208 base pairs (bp) was generated. For the poly-
morphism C242T of the p22phox (CYBA) gene, the primers 
used were as follows: Forward: 5'‑CCT​TAC​AAA​TCC​TGC​
ACA​CTA​GA‑3' and reverse: 5'‑CTT​TGG​TGC​TTG​TGG​GTA​
AAC‑3' (GI:51473128 NT_010542.15), with the generation of a 
fragment of 428 bp. Table I shows the PCR reaction conditions.

Enzymatic digestion for verification of genotypes. After the 
PCR, the separation of the researched polymorphism frag-
ments were attained using enzymatic digestion (with NlaIII 
and Afa I; Invitrogen Life Technologies). The protocols of the 
reactions are displayed in Table II. For the visualization of the 
fragments, electrophoresis was performed on 2% agarose gel 
(Sigma‑Aldrich, St. Louis, MA, USA) stained with ethidium 
bromide, subjected to a 70‑volt current for ~2 h.

Evaluation of neuropathy symptoms. Forty participants from 
the DM2 group answered the Neuropathic Symptom Score 
questionnaire, which gathers answers related to symptoms 
associated to diabetic distal polyneuropathy (28).

Evaluation of signs of neuropathy. Sensitivity tests were 
applied on the same individuals that answered the Neuropathic 
Symptom Score questionnaire, in order to detect neuropathy 
signs. For testing deep sensibility, a calcaneus reflex test was 
performed with a Buck hammer (Prestige Medical, Northridge, 
CA, USA), impacted on the Achilles tendon bilaterally. The 
subject was placed in a standing position, with the knee of 
the tested leg flexed and supported on a chair, and the foot 
maintained in a pending position; reflexes were recorded as 
present or absent (29,30).

Sensitivity to vibration was assessed by a stimulus gener-
ated using a 128 Hz tuning fork positioned over the tip and the 
dorsal surface of the hallux (distal phalanx) bilaterally, adding 
two points of stimulation on each foot. After stimulus demon-
stration provoked in the frontal surface of the forearm or back 
of the hand, the individual, maintained in a sitting position and 
with the tested foot supported on a stool, was asked to close 
their eyes and answer with the word ‘yes’ when he/she noticed 
the same sensation in the lower limbs (31).

Tactile sensitivity was verified in the same position as the 
previous test, through the application of the Semmes‑Weinstein 
monofilament (AliMed, Inc., Dedham, MA, USA) corre-
sponding to 10 g forces (orange color), on six points of the soles 
of the feet (metatarsal base and plantar pulp of the distal phalanx 
of the first, third and fifth toes), totaling 12 stimulated points. 
Likewise, initially the stimulus was demonstrated in the upper 
limb, for recognition purposes, and during the test, participants 
were asked to keep their eyes closed. The monofilament testing 
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pressure, characterized by its bending when perpendicularly 
applied to the skin surface, was performed randomly in the six 
described points, and there was no information to the individual 
concerning the location and the time of stimulation (32‑34).

Anthropometric evaluation. The body mass index was deter-
mined (BMI=weight in kg/height in m2) and the parameters 
recommended by the World Health Organization (35) were 
used for diagnosis criteria purposes.

Table II. Protocols for enzymatic digestion of polymorphisms C936T VEGF gene and C242T p22phox (CYBA) gene.

	 Gene (SNP)
	 -----------------------------------------------------------------------------------------------------------------------------------------------------
Variable	 VEGF (C936T)	 p22phox (C242T)

Enzyme	 Nla III‑Invitrogen®	 Afa I‑Invitrogen®

Incubation	
  Time	 16 h	 8 h
  Temperature	 37˚C	 37˚C
Amplicon			 
  CC genotype	 208 pb	 428 pb
  CT genotype	 208 pb, 122 pb, 86 pb	 428 pb, 292 pb, 166 pb
  TT genotype	 122 pb, 86 pb	 292 pb, 166 pb 

VEGF, vascular endothelial growth factor; SNP, single nucleotide polymorphism; pb, pairs of bases.

Table III. Characteristics of DM2 and control groups.

Characteristic	 Na	 DM2	 Na	 Control 	 P-value

Femaleb	 71 (72.45%)		  19 (18.27%)
Maleb	 27 (27.55%)		  85 (81.73%)
Agec (years)	 89	 65 (57‑71)	 103	 55 (50‑61)	 <0.001e

BMId (kg/m2)	 86	 31.56±5.64	   31	 26.39±4.09	 <0.001f

TCc (mg/dl)	 90	   165.00 (150.00‑186.75)	   74	   190.50 (170.25‑230.00)	 <0.001e

TGc (mg/dl)	 90	 128.50 (96.75‑185.00)	   74	 125.00 (84.50‑180.25)	 0.351
HDLc (mg/dl)	 90	 46.00 (39.00‑54.00)	   74	 49.00 (40.00‑60.00)	 0.074
LDLc (mg/dl)	 87	   92.40 (73.20‑109.20)	   72	 114.40 (96.95‑143.20)	 <0.001e

aNumber of subjects studied in each variable; bvalues ​​expressed as number of individuals (corresponding percentage in the group); cvalues ​​
expressed as median (percentiles 25/75); dvalues ​​expressed as the mean ± standard deviation; enon‑parametric variables with significant differ-
ences after analysis through with the Mann‑Whitney test; fparametric variable with a significant difference after analysis using Student's t-test. 
DM2, diabetes mellitus 2; BMI, body mass index; TC, total cholesterol; TG, triglycerides; HDL, high density lipoprotein; LDL, low‑density 
lipoprotein.

Table I. Programs used in PCR.
 
	 VEGF	 p22phox (CYBA)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ --‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Step	 No. of cycles	 Time	 Temperature (˚C)	 No. of cycles	 Time	 Temperature (˚C)

Denaturation	   1	 5 min	 94	   1	 2 min	 94
	 35	 40 sec	 94	 37	 1 min	 94
Annealing	 35	 1 min	 64	 37	 50 sec	 58
	 35	 2 min	 72	 37	 1 min	 72
Extension	 35	 5 min	 72	 37	 5 min	 72

PCR, polymerase chain reaction; VEGF, vascular endothelial growth factor.
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Statistical analysis. Statistical analyses were conducted 
using the IBM SPSS software version 20 (IBM, Armonk, 
NY, USA). For the evaluation of the different groups inves-
tigated, parametric data were analyzed using Student's 
t-test and non‑parametric data were analyzed using the 
Mann‑Whitney test. The genotypic and allelic distribution was 
verified using a χ2 test, followed by Fisher's exact test and the  
Hardy‑Weinberg equilibrium was also evaluated with the χ2 
test. The risk of diabetes corrected to age was analyzed by 
binary logistic regression, as well as the analyses of associa-
tions between genotypic and allelic frequencies, lipid profile 
levels, sensitivity tests in the lower limbs and the degree of 
neuropathic symptoms. P<0.05 was considered to indicate a 
statistically significant difference.

Results

Patient characteristics. The DM2 group consisted of 98 indi-
viduals, predominantly females, and the control group had 
104 individuals, predominantly males. A significant difference 
between the groups was observed relating to age, BMI, TC and 
LDL levels (P<0.001), without any difference in relation to TG 
and HDL (P>0.05). The data concerning age, BMI and lipid 
profile of the groups are displayed in Table III.

Genotypic and allelic distribution
SNP C936T of the VEGF gene. SNP C936T genotyping was 
performed on 98 individuals from the DM2 group and 102 
individuals from the control group (Table IV).

SNP C242T of the p22phox (CYBA) gene. SNP C242T geno-
typing was performed on 94 individuals from the DM2 group 
and 85 individuals of control group. Statistical analysis showed 
no difference between the groups, as observed in Table V.

DM2 risk corrected by age. The analysis by binary logistic 
regression corrected by age made it possible to verify whether 
genotypic or allelic frequencies of the polymorphisms 
investigated meant an increased risk of the occurrence of 
DM2. However, the results demonstrated that there was no 
association between the different genotypes or alleles and the 
increased risk of the disease (P>0.05).

Polymorphisms C963T and C242T and anthropometric and 
lipid profiles. In order to verify the association between the 
genotypic and allelic distribution of SNP C936T of the VEGF 
gene with BMI and lipid profile, these features were analyzed 
in a total of 109 people, belonging to the two groups (DM2 and 
control). Eighty‑six of those were of the CC genotype, 21 of 

Table IV. Genotypic and allelic distribution of the C936T SNP of the VEGF gene.

VEGF	 Na	 DM2	 Fb	 Control	 Fc	 Group	 P-valued

Genotype
  CC	 153	 80	 0.82	 73	 0.71	 CCxCT	 0.160
  CT	   41	 16	 0.16	 25	 0.25	 CTxTT	 1.000
  TT	     6	   2	 0.02	   4	 0.04	 CCxTT	 0.432
Alelle							     
  C	 194	 96	 0.80	 98	 0.77	 CC+CTxTT	 0.683
  T	   47	 18	 0.20	 29	 0.23	 CT+TTxCC	 0.090

aTotal genotype samples/allele between the two groups; bgenotypic and allelic frequency references DM2 group; cgenotypic and allelic  
frequency concerning the control group; dP‑values using the χ2 test followed by Fisher's exact test. SNP, single nucleotide polymorphism; 
VEGF, vascular endothelial growth factor.

Table V. Genotypic and allelic distribution of the C243T SNP of the p22phox (CYBA) gene.

p22phox	 Na	 DM2	 Fb	 Control	 Fc	 Group	 P-valued

Genotype
  CC	 100	 52	 0.55	 48	 0.56	 CCxCT	 0.876
  CT	   69	 37	 0.39	 32	 0.38	 CTxTT	 1.000
  TT	   10	   5	 0.05	   5	 0.06	 CCxTT	 1.000
Alelle					   
  C	 169	 89	 0.68	 80	 0.68	 CC+CTxTT	 1.000
  T	   79	 42	 0.32	 37	 0.32	 CT+TTxCC	 0.882

aTotal genotype samples/allele between the two groups; bgenotypic and allelic frequency references DM2 group; cgenotypic and allelic  
frequency concerning the control group; dP‑values ​​using the χ2 test followed by Fisher's exact test. SNP, single nucleotide polymorphism.
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the CT genotype and two of the TT genotype. No associations 
were found between the C936T polymorphism and BMI or 
with the lipid profile of assessed subjects. The same analysis 
was performed separately for DM2 and control groups, and 
also showed no significant correlation (P>0.05).

For the SNP C242T of the p22phox (CYBA) gene, 104 
participants were analyzed, and 56 of them were of the CC 
genotype, 41 the CT genotype and 7 the TT genotype. The 
analysis showed a significant association only regarding BMI 
between the CTxTT genotypes (P=0.043), and the greatest 
body mass indexes were among individuals with DM2, with 
the TT genotype. The mean BMI in the group with the CC 
genotype was 32.20 (±6.00) kg/m2, with CT genotype was 
29.78 (±4.58) kg/m2 and TT genotype was 37.71 (±3.29) kg/m2.

C936T and C242T polymorphisms, and diabetic distal poly-
neuropathy signs. Concerning the C936T SNP of the VEGF 
gene, among the 40 individuals with DM2 that were evaluated, 
CC genotype was identified in 34 patients, the CT genotype 
in 5 and TT genotype in 1. In the diabetic group, the average 
of touch sensitive points was 7.40 (±4.85), points sensitive to 
vibration stimulus was 3.45 (±1.15), and points sensitive to 
the calcaneus reflex test was 1.10 (±0.95). The analysis did 
not show any association between the results of sensibility 
tests and genotypic and allelic distribution of the SNP C936T 
(P>0.05).

For the C242T SNP of the p22phox (CYBA) gene, of the 
same 40 individuals, 23 of them were of the CC genotype, 
13 the CT genotype and 3 the TT genotype, and in 1 of the 
samples it was not possible to perform genotypic characteriza-
tion. In the diabetic group, the average of touch sensitive points 
was 7.30 (±4.87), to points sensitive to vibration stimulus was 
3.43 (±1.16), and points sensitive to the calcaneus reflex test 
was 1.07 (±0.95). Again, there was no significant difference 
between the results of the sensibility tests and genotypic and 
allelic distribution of SNP C242T (P>0.05).

C936T and C242T polymorphisms and diabetic distal poly-
neuropathy symptoms. The diabetic distal polyneuropathy 
symptoms were classified as severe, moderate, mild and 
non‑characteristic of neuropathy, according to the total 
number of points obtained in the Neuropathic Symptom Score, 
applied to the same 40 diabetic individuals that underwent the 
sensibility tests.

For SNP C936T of the VEGF gene, among the 11 individ-
uals with severe symptoms, the CC genotype was identified 
in 9 individuals, and the CT in 2. Among the 10 people 
with moderate symptoms, 9 individuals possessed the CC 
genotype and 2 the CT. In the mild symptoms category, 
7 individuals carried the CC genotype and 1 the TT geno-
type. In total, 11 individuals did not have a score matching 
neuropathic symptoms, 9 of them had a CC genotype and 
2 had the CT genotype.

Concerning SNP C242T of the p22phox (CYBA) gene, 
of the 11 individuals presenting severe symptoms, 6 of them 
were of the CC genotype, 3 the CT genotype and 2 the TT 
genotype. Among 10 individuals with moderate symptoms, 
6 of them exhibited the CC genotype, 3 the CT genotype and 
1 the TT genotype. Among the 8 people with mild symptoms, 
3 exhibited the CC gentoype, 4 CT and 1 TT. Among the 

11 people without typical neuropathy symptoms, 6 were of the 
CC genotype and 4 the CT genotype, so that in one sample the 
characterization was not possible.

After the statistical analysis, an association between the 
degree of neuropathic symptoms and genotypic and allelic 
distribution of investigated polymorphisms was not observed 
(P>0.05).

Discussion

The strong influence of ethnic differences on genetic predispo-
sition of multifactorial diseases highlights the importance of 
regional studies that present a population profile and channel 
the focus of research into a greater understanding of the patho-
genesis and improvement of prevention and treatment of these 
diseases.

Considering the influence of age in the development of 
DM2 (9,36) analysis of the investigated polymorphisms was 
performed concerning the risk of the disease corrected by age. 
The results obtained were in accordance with such evidence, 
so the associations related to SNP C242T p22phox and C936T 
VEGF indicated an increased risk of the development of DM2 
over time, but without the influence of genotype.

Total cholesterol and LDL levels in the DM2 group were 
lower compared with the control group, and there was no 
significant difference between the groups concerning triglyc-
erides and HDL levels.

Studies focused on the C936T SNP and distal polyneurop-
athy are scarce, compared with other diabetic complications. 
A study involving Korean individuals evaluated the role 
of this SNP in the development of microvascular patholo-
gies in patients with DM2, and their results showed that the 
TT genotype was more frequent among diabetic patients 
with retinopathy, associated with higher plasma levels of 
VEGF (37). Conversely, other studies did not identify a signifi-
cant association of the C936T SNP with diabetic retinopathy 
prevalence (38‑41).

Studies focusing on the expression of VEGF and plasma 
levels in patients with diabetes with neuropathic complications 
exhibit conflicting findings (42‑44). The precise role of VEGF 
in diabetic vascular complications remains to be fully eluci-
dated. It is unknown whether the expression of the gene is, 
responsible for pathologic changes, in the case of retinopathy 
and peripheral arterial disease, or whether it represents a 
restorative response as a consequence of tissue and function 
changes (45). It is widely known that hypoxia is a major inducer 
of the transcription of the VEGF gene in several pathological 
conditions, but other factors also influence its expression, such 
as growth factors, inflammatory cytokines, hormones and 
oncogenic mutation events (46).

Even in the early stages of diabetic neuropathy, there is 
an occurrence of abnormalities in the vasa nervorum and 
loss of nerve fibers (47). Neural damage results typically in 
an increase of VEGF plasma levels in diabetic animals, with 
an increased expression in axons and dorsal ganglion (48). 
Therefore, ischemia and hypoxia in the nerves of patients with 
diabetes due to vasa nervorum microangiopathy has always 
been observed and may be a key pathogenic mechanism of 
diabetic neuropathy. Microvascular dysfunction observed in 
the peripheral nerve contributes to reducing endoneurial blood 
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flow, leading to destruction of neural and Schwann cells and 
nerve degeneration (42).

Concerning the C242T SNP of the p22phox gene, studies 
emphasizing the correlation between this SNP and diabetic 
neuropathy are rare, when compared with research focused on 
other complications of the disease.

A study suggested that hyperglycemia may be a deter-
minant in the vascular activation of NADPH oxidase, when 
it was demonstrated that the increased production of this 
enzyme is associated with abnormal vascular reactivity, with 
an increase in gene expression of the p22phox in the vessels 
of rodents with diabetes (49). Data generated by meta‑analysis 
have shown an association between the T allele of SNP C242T 
and a higher risk of developing DM2 in Asian and non‑Asian 
populations (50). However, other studies did not identify any 
association between the risk of the disease and this SNP (51,52).

An investigation into the impact of the variable C242T 
on high blood pressure and metabolic determinants of  
cardiovascular risk in a Brazilian population found no 
difference in genotypic distribution among hypertensive and 
normotensive individuals. Hypertensive individuals with the 
CC genotype showed lower fasting glucose, smaller abdominal 
circumference and lower diabetes mellitus prevalence. Among 
normotensive people, however, no significant differences were 
observed between the studied variables, which rendered it 
possible to conclude that the T allele can be used as a marker 
for adverse metabolic characteristics in hypertensive indi-
viduals (53).

It is hypothesized that, in DM2, the increased production of 
reactive oxygen species leads to the activation of the NADPH 
oxidase complex. The activation of this complex, along with 
others, leads to cellular apoptosis through low‑density lipo-
protein molecule oxidation due to oxidative stress  (54). In 
this study, C242T did not present an association with the lipid 
profile values of the study population.

Certain studies have investigated the correlation of the 
C242T SNP with cardiovascular risk factors, obtaining 
conflicting results (55‑57). A study involving a South Indian 
population found a lower frequency of the T allele among 
individuals with DM2 and coronary disease, compared with a 
diabetic group without any arterial impairment (58).

Drawing from the consulted studies, it is possible to confirm 
the complexity that exists between metabolic networks and the 
diverseness of characteristics when populations of different 
ethnic groups are compared. The mechanisms subsequent to 
the association of DM2 with vascular dysfunction are influ-
enced by several aspects, such as cardiovascular risk factors 
and typical diabetic parameters (hyperglycemia, insulin 
resistance, obesity and inflammation) (59). Moreover, studies 
have demonstrated that diabetic complications can develop a 
while after events of hyperglycemia, through a phenomenon 
known as metabolic memory, triggered by persistent epigen-
etic changes (60).

In conclusion, according to the results of this study, the 
C936T polymorphism of the VEGF gene and C242T of the 
p22phox gene are not correlated with the risk of developing 
diabetes mellitus or neuropathic signs and symptoms. When 
considering the results of other studies, a substantial heteroge-
neity in the findings is observed, which demonstrates a complex 
link between the risk factors of DM, genetic predisposition 

and the development of angiopathic complications. Such 
complexity can be explained largely by the variability in 
ethnicity of the studied populations and by the influence of 
environmental factors on genetic expression. Further studies 
with a larger number of participants may help to elucidate the 
role of these polymorphisms in DM2 complications.
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