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Abstract

Background and objectives: Diabetes mellitus is a global health concern, and one of its most common complications is diabetic
peripheral neuropathy (DPN). The vascular endothelial growth factor (VEGF) gene, which influences not only blood vessels
but also neurons, has been studied in the occurrence of DPN. Polymorphism of the VEGF gene may affect the VEGF expression.
This study aimed to identify, evaluate, and summarize all relevant studies about VEGF gene polymorphisms in DPN.

Methods: We performed a systematic review of the association of VEGF gene polymorphisms in patients with diabetic neuropa-
thy based on a comprehensive search of PubMed, ScienceDirect, ProQuest, and EBSCOhost. A meta-analysis was performed on
the most studied gene to clarify its association. Newcastle-Ottawa scale (NOS) was used to verify the quality of the evidence.
Hardy-Weinberg equilibrium and six other items were used to determine whether the study was eligible for meta-analysis. Odds
ratios and standardized mean differences with 95% confidence intervals were used to determine the association.

Results: The systematic review included five case-control and three cross-sectional studies with six VEGF gene polymorphisms
(VEGF 936C/T, VEGF -7C/T, VEGF -1001G/C, VEGF -1154G/ A, VEGF -2678C/ A, and VEGF 405G/ C) and the final meta-
analysis included four studies with a highly studied gene (VEGF 936C/T). Newcastle-Ottawa scale quality appraisal resulted
in six good/high quality and two moderate quality studies. Meta-analysis showed that VEGF 936 C/T polymorphism was as-
sociated with a decreased risk of diabetic peripheral neuropathy (odd ratio 0.63; 95% confidence interval: 0.49-0.81; p = 0.0004).

Conclusions: Our meta-analysis suggests that the VEGF 936C/T gene polymorphism is linked to a decreased risk of diabetic pe-
ripheral neuropathy. This gene has the potential to be a predictive biomarker for determining who is at a lower risk of developing
diabetic peripheral neuropathy. Early preventive efforts should be addressed in patients bearing the 936C allele.
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thy; Predictive biomarker.
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Introduction

Diabetes mellitus is a major global health concern that affects 425
million people worldwide and is estimated to reach 628 million by
2045.! Diabetic peripheral neuropathy (DPN) is one of the most
common complications of diabetes mellitus, affecting 7 to 34.2%
of people with type 1 diabetes and 21.3 to 34.5% of people with
type 2 diabetes.>* The prevalence ranges from 10% in the first
year of diagnosis to 50% 25 years later, DPN is strongly linked
to chronicity and long-term complications. Although many DPN
patients were asymptomatic, some experienced excruciating pain.
When compared to other complications, DPN has the highest rate
of years lived with disability at 20,758/100,000 worldwide.5

The Toronto Diabetic Neuropathy Expert Group defines DPN
as a symmetrical, length-dependent sensorimotor polyneuropathy
caused by metabolic and microvessel changes driven by prolonged
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Table 1. Search terms and strategy

Barus J.F.A. et al: VEGF gene polymorphisms in DPN

Source Search term

Number of Studies

PubMed
polyneuropathy) OR (diabetic neuralgia))

ScienceDirect
polyneuropathy" OR "diabetic neuralgia")

ProQuest

((VEGF) OR (vascular endothelial growth factor)) AND ((diabetic neuropathy) OR (diabetic 348

("VEGF" OR "vascular endothelial growth factor") AND ("diabetic neuropathy" OR "diabetic 313

(title (VEGF) OR abstract (VEGF) OR title (vascular endothelial growth factor) OR abstract(vascular 69

endothelial growth factor)) AND (title (diabetic neuropathy) OR abstract (diabetic neuropathy)
OR title (diabetic polyneuropathy) OR abstract. (diabetic polyneuropathy) OR title (diabetic

neuralgia) OR abstract (diabetic neuralgia))
EBSCOhost

(TI VEGF OR AB VEGF OR Tl vascular endothelial growth factor OR AB vascular endothelial growth 205

factor) AND (TI diabetic neuropathy OR AB diabetic neuropathy OR Tl diabetic polyneuropathy
OR AB diabetic polyneuropathy OR Tl diabetic neuralgia OR AB diabetic neuralgia)

VEGF, vascular endothelial growth factor.

hyperglycemia exposure and cardiovascular risk factors.® Diabetic
neuropathic syndromes are caused by various etiologies, ranging
from hyperglycemia-induced neuropathy to other microvascular
complications of diabetes. The polyol pathway, the hexosamine
pathway, the protein kinase C isoforms pathway, and the build-up
of advanced glycation end products are all involved in the patho-
physiology of DPN. These pathways can lead to mitochondrial re-
dox state imbalance and excess reactive oxygen species formation.
Hypoxia and increased protein kinase C f3-isoform may also result
in overexpression of the angiogenic proteins VEGF, transforming
growth factor-B1, nuclear factor kappa B and plasminogen acti-
vator inhibitor-1, as well as the development of several diabetic
complications.’

Vascular endothelial growth factors (VEGFs) are a family of
secreted polypeptides consisting of VEGF-A, VEGF-B, VEGF-
C, VEGF-D, and VEGF-E. The VEGF encoding gene is 14 kb
long and is found on chromosome 6p.21.3. It contains eight exons
and seven introns. The VEGF-A gene is extremely polymorphic,
with variants identified in 148 untranslated regions (UTRs), 209
exons, 779 introns, and 124 near gene.” VEGF is produced by
macrophages, platelets, keratinocytes, renal mesangial cells, and
tumor cells.® It binds to its family cognate kinases to stimulate
blood vessel and bone formation, develop the lymphatic vessels,
stimulate cell migration, wound healing, and neurogenesis.” A
study of primary cultures of cortical neurons in the central nerv-
ous system found that VEGF enhances the width and length of
neurites by 30-40%. In an autocrine loop, VEGF drives blood
vessel growth, protects motor and sensory neurons, and encour-
ages Schwann cell proliferation and migration in the peripheral
nervous system.!?

Many studies have been conducted to observe the VEGF gene
in diabetic populations with or without DPN. Many factors might
influence VEGF activity, including hyperglycemia, oxidative
stress, and the sorbitol pathway. Some discovered a higher level
of systemic VEGF in diabetic patients with DPN or other com-
plications, while some reported lower VEGF-A expression in epi-
dermal VEGF-A biopsy in this population. Genetic polymorphism
may affect the functions of genes, including their affinity, gene
expression, and level of activity of gene product.!’ Because of the
ambiguity, we performed a systematic review of the association
of VEGF gene polymorphisms in patients with diabetic neuropa-
thy. Based on the available data, a meta-analysis was performed to
determine the relationship between the specific VEGF gene and
diabetic neuropathy. The findings could lead to the identification
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of specific VEGF gene polymorphisms that can be used to predict
the risk of diabetic neuropathy.

Methods

Study registration and methodology

The Preferred Reporting Items for Systematic Reviews and Me-
ta-analysis (PRISMA) statement guidelines and a predetermined
search strategy were used to identify and collect all potential stud-
ies, screen the titles and abstracts, assess full-text articles for eligi-
bility, and include only relevant studies.!> The study protocol was
registered in the International Prospective Register of Systematic
Reviews (PROSPERO) (CRD42023405483).

Literature search

For this systematic review and meta-analysis, two authors (JB
and HS) independently performed a structured literature search
from inception until 1 March 2023 to identify all relevant stud-
ies related to the VEGF gene polymorphisms in diabetic neuropa-
thy. We did a systematic literature search on PubMed, Science-
Direct, ProQuest, and EBSCOhost. The following search terms
were used: ((VEGF) OR (vascular endothelial growth factor))
AND ((diabetic neuropathy) OR (diabetic polyneuropathy) OR
(diabetic neuralgia)). Table 1 shows the complete search terms
strategy and findings. The search terms included VEGF in general
to encompass all possibilities for applicable studies. There were
no restrictions on the publication date or language. Following the
removal of duplicates, the authors assessed all titles and abstracts
and removed articles with full text that could not be accessed. Any
disagreements will be settled through consensus. When agree-
ment was not achieved, a neutral third party was asked to help
resolve the conflict.

Inclusion and exclusion criteria

The inclusion criteria for the present studies were (1) human
case-control and cross-sectional studies, (2) studies with any
VEGF gene polymorphism in a population with DPN or diabetic
ulcer as a complication of DPN, (3) studies with a clearly stated
diagnosis of diabetes (according to Expert Committee on the
Diagnosis and Classification of Diabetes Mellitus, WHO expert
committee, or American Diabetes Association), (4) and studies
with non-neuropathy diabetes or healthy patients as the control
group. The following studies were excluded: (1) all types of re-
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view studies, case reports, case series, book sections, conference
papers, preliminary reports, preclinical studies, and correspond-
ences, (2) studies of VEGF molecules without gene involvement,
(3) studies in animal subjects, and (4) studies with no compari-
son/control group.

Data extraction and analysis

Two authors (JB and HS) independently reviewed the final ar-
ticles to extract the information about the first author, date pub-
lished, study design, study population characteristics, number of
samples, genotyping method, adjustment factors, and outcome.
The specific outcome measures recorded for the systematic re-
view were the detection of VEGF gene polymorphisms of any
subtypes in patients with diabetic neuropathy. To ensure the ac-
curacy of the data, we resolved all conflicting data by consensus
among all the authors.

Study quality assessment

The Newcastle-Ottawa scale (NOS) is an eight-item validated
star-scoring system scale divided into three domains, selection,
comparability, and outcome. The NOS was used to assess the qual-
ity of nonrandomized studies such as cohort studies, case-control
studies, and cross-sectional studies.!? With the exception of com-
parability, all items in the study are graded one point each, with a
maximum achievable score of nine for a case-control study and
eight for a cross-sectional study. In general, scores of 0-3 represent
poor quality, 3—5 represent fair quality, and 6 or more represent
good/high quality.!*15

Methodology quality assessment

Two reviewers (JB and IW) independently evaluated the methodo-
logical quality of all clinical studies by scoring them on a scale
of 0-10 based on several parameters. Several assessment items
were essential to evaluate genomic studies to ensure data accu-
racy since genetic analyses are prone to laboratory mistakes. In
the present study, we assessed ten items on each case-control and
cohort study.'® When the quality score was >5 and the Hardy-
Weinberg equilibrium (HWE) p-value was >0.05, the study was
considered eligible for meta-analysis. The HWE was used to de-
termine whether a population was in equilibrium. A p-value < 0.05
suggests that the genotype distribution in the control group was
not in equilibrium and that the study must be discarded because of
possible genotyping error or selection bias.!®

Meta-analysis

Pearson’s chi-square test was used to assess the relationship be-
tween VEGF gene polymorphism distribution in the case/control
group. Odds ratios (ORs) with 95% confidence intervals (Cls) for
each VEGF gene polymorphism were collected and calculated.
The Q statistical test based on the chi-square value was used to
investigate interstudy heterogeneity (statistical significance was
defined as an > > 50%). When there was no substantial inter-
study heterogeneity, the fixed-effect model was employed. Oth-
erwise, the random-effect model was used. In addition, genetic
association analysis was done in wild-type dominant and mutant-
dominant models. The wild-type dominant model was defined as
wild-type homozygote + heterozygote, and the mutant-dominant
model was defined as mutant homozygote + heterozygote. A fun-
nel plot was used to measure publication bias if there were at least
ten studies. Otherwise, Begg and Mazumdar rank correlation ap-
proaches were used for continuous and dichotomous outcomes.
To further analyze the possibility of publication bias, a fail-safe
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N analysis was done. If publication bias was observed, Duval and
Tweedie’s Trim and Fill Method was used to correct the bias. In
addition, sensitivity and meta-regression analyses were carried
out to confirm the robustness of this meta-analysis. The leave-
one-out method was used to conduct sensitivity analyses in the
current meta-analysis. This analysis was carried out by removing
one study at a time and observing any changes in the overall effect
size of the meta-analysis, which demonstrated how each individ-
ual study influenced the overall estimate of the other studies. We
performed a meta-regression analysis in which the mean/median
age of the population, percentage of males-to-females, and ethnic-
ity are regressed on the occurrence of DPN. All statistical tests
were done using comprehensive meta-analysis,!” Review Man-
ager (RevMan) 5.3 (https://training.cochrane.org/online-learning/
core-software/revman), and Jamovi 2.3.21.0 (https://cran.r-pro-
ject.org; https://cran.r-project.org).

Statistical significance assessment

To determine the magnitude of statistically significant relation-
ships, the false-positive report probability (FPRP) was calculated.
Given a statistically significant discovery, there is a probability of
no true association between a genetic variant, such as gene poly-
morphisms employed in this study, and diseases. It is determined
not solely by the observed p-value, but also by the prior prob-
ability that the relationship between the genetic variant and the
disease exists and the test’s statistical power.!® NCSS-PASS ver.
11.0.7 (USA) was used for the analysis. Based on the number of
observations, ORs, and p-values, we first analyzed the statistical
power of each association. The FPRP values were then calculated
as previously described.!® A statistically significant relationship
with FPRP was defined as p < 0.5.

Results

Characteristics of eligible studies

We identified 936 published articles and imported results into
Endnote 20. From the initial search, 348 articles were identified
from PubMed, 313 from ScienceDirect, 205 from EBSCOhost,
69 from the ProQuest database, and one additional study from
other sources. Of those, 252 were excluded as duplicates, leav-
ing 684 articles to be reviewed. The abstracts were reviewed
based on the following criteria: genetic studies (VEGF gene
polymorphisms), relevant independent and dependent variables,
and human case-control or cross-sectional studies. Thirteen full
texts were reviewed, of which five were excluded, a review
study, two genetic studies of single nucleotide polymorphisms
(SNPs) but not VEGF gene polymorphism, and two genetic stud-
ies with no VEGF genomic or allelic data. Figure 1 illustrates
the study search strategy and selection techniques in accordance
with PRISMA criteria. Baseline study characteristics, including
study design, genotyping method, study groups, size, mean/me-
dian age, sex (male %), matching criteria, and quality score, are
shown in Table 2.1%26 Healthy control groups were divided into
community-based and hospital-based. The subjects in the com-
munity-based group were neither inpatients nor outpatients, but
the subjects in the hospital-based groups were mostly outpatients
(medical checkup patients) with no known disease or abnormal
laboratory findings.

Characteristics of involved SNP

Tables 3 and 4 summarize the genotype frequency distribution of
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Fig. 1. Search strategy and study selection following PRISMA guidelines. DFU, diabetic foot ulcer; DPN, diabetic peripheral neuropathy; SNP, single nucleo-

tide polymorphism; VEGF, vascular endothelial growth factor.

VEGF polymorphism in DPN and diabetic foot ulcer (DFU).!%-26
For subgroup analysis, the study groups were divided into DPN,
non-DPN, and healthy control groups.

Study quality assessment

Assessment by the NOS resulted in five case-control studies and
one cross-sectional study considered good/high quality with scores
of six or more (Tables 5 and 6).1°26 Two cross-sectional studies
were of moderate quality with scores of five. The selection of
controls differed across groups as only three case-control studies
used healthy populations as controls (two community-based and
one hospital-based control groups). Community-based controls are
preferred to achieve normal gene distribution among the controls.
Two studies matched the duration of diabetes mellitus as neces-
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sary for DPN. None of the studies reported any nonrespondents or
nonresponse rates.

Publication bias

Funnel plot visualization was observed to be in symmetrical distri-
bution but was not included in the current study owing to having
fewer than the recommended number of ten studies. Kendall’s Tau
was —0.333 (p =0.75) for the Begg and Mazumdar rank correlation
test. A high correlation suggests that the funnel plot was asym-
metric, which could have been because of publication bias. The
current study found no correlation, consistent with the symmetric
funnel plot visualization. The Rosenthal approach to fail-safe N
analysis yielded 18,000 studies (p < 0.001), with a null effect re-
quired to reduce the result to nonsignificant. This showed a strong
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Table 3. Genotype frequency distribution of VEGF polymorphism in DPN
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Ref Author, year SNP Genomic/Allelic Sar;p,::rsii(n) Control/ p HWE ::C:;Zti
no. ! Case/DPN (%)* DCI;N (’;’)* ? H((): (%t))* analysis
1 Kimetal, VEGF 936C/T  WT(CC) 69 (64.7) 190 (65) 386(73.3)  0.35936 VYes
2009%°
HtM (CT) 34 (32.4) 87 (30) 140 (26.7)
HM (TT) 3(2.9) 15 (5) 0(0)
Major allele (C) 172 (80) 467 (77.4) 912 (86.6)
Minor allele (T) 40 (20) 117 (22.6) 140 6(13.4)
2 Tavakkoly- VEGF —-7C/T, WT (CC) 61 (74) 100 (60) - 0.86983 NoP
Bazzaz et
al., 2010%°
HtM (CT) 19 (23) 57 (34) =
HM (TT) 2(3) 9 (6) -
Major allele (C) 141 (86) 257 (77) -
Minor allele (T) 23 (14) 75 (23) —
VEGF —-1001G/C WT (GG) 79 (97) 150 (90) = 0.70598 No®
HtM (GC) 3 (4) 16 (10) =
HM (CC) 0(0) 0(0) -
Major allele (G) 161 (98) 316 (95) -
Minor allele (C) 3(2) 16 (5) =
VEGF-1154G/A WT (GG) 42 (51) 77 (46) = 0.51500 No®
HtM (GA) 34 (42) 77 (46) =
HM (AA) 6(7) 12 (8) =
Major allele (G) 118 (72) 231 (70) -
Minor allele (A) 46 (28) 101 (30) -
VEGF —2578C/A  WT (CC) 22 (27) 52 (31) - 0.95882 NoP
HtM (CA) 43 (52) 82 (50) =
HM (AA) 17 (21) 32 (19) =
Major allele (C) 87 (53) 186 (56) -
Minor allele (A) 77 (47) 146 (44) -
3 Zhangetal., VEGF 936C/T WT (CC) 159 (77.9) 115 (62.5) 141 (58.8) 0.11987 Yes
2014%*
HtM (CT) 39 (19.1) 59 (32.1) 83 (34.6)
HM (TT) 6(3) 10 (5.4) 16 (6.7)
Major allele (C) 357 (87.5) 289 (78.5) 365 (76.3)
Minor allele (T) 51 (21.5) 79 (21.5) 115 (23.8)
4 Ghisleniet VEGF936C/T  WT (CC) 25 (83.3) 55 (80.9) 73 (71.6) 0.30974 Yes
al., 201522
HtM (CT) 4(13.3) 12 (17.6) 25 (24.5)
HM (TT) 1(3.3) 1(1.5) 4(3.9)
Major allele (C)F 29 (85.3) 67 (83.8) 98 (77.2)
Minor allele (T)" 5 (14.7) 13 (16.2) 29 (22.8)
Adjusted major 54 (90) 122 (89.7) 171 (83.8)
allele (C)°
continued
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Table 3. - continued
Ref Author, year SNP Genomic/Allelic Sa:p,::-g;i(n) Control/ p HWE ::crlr‘l::t:(.i
no. ! Case/DPN (%)* D?’N (’;’)* ? H((): (%t))* analysis
Adjusted minor 6 (10) 14 (10.3)) 33 (16.2)
allele (T)*
5 Zitouni et VEGF 405G/C WT (GG) 16 (45.7) 119 (45.1) - 0.00056 No?
al., 2017%
HtM (CG) 18 (51.4) 134 (50.8) -
HM (CC) 1(2.9) 11 (4.2) -
Major allele (G) 50 (70.4) 372 (70.5) -
Minor allele (C) 21 (29.6) 156 (29.6) -
6  Barusetal, VEGF 936C/T  WT (CC) 56 (84.8) 59 (68.6) = 0.96638 VYes
2018%
HtM (CT)® 9(13.7) 25(29.1) =
HM (TT)? 1(1.5) 2(2.3) =
Major allele (C)° 121 (91.7) 143 (83.1) -
Minor allele (T)° 11(8.3) 29 (16.9) -
7 Arrendondo- VEGF 936C/T WT (CC) 46 (51) 50 (39) - 0.99088 Yes
Garcia et al.,
2019%
HtM (CT) 32 (36) 66 (52) -
HM (TT) 12 (13) 12 (9) -
Major allele (C) 124 (69) 166 (65) -
Minor allele (T) 56 (31) 90 (35) -

HWE in these groups was calculated from the total population not from subgroups. *The frequency of various VEGF polymorphisms is represented as a percentage (%) within the
same group (case/control, and genotypic/allelic). *This study looked at allele frequency, which means that both homozygote and heterozygote genotypes were counted as one al-
lele, as opposed to other studies that counted wild types (like CC) as two major alleles. As a result, we adjusted their allele count to match that of other studies. °We contacted the
author to obtain detailed genotypic and allelic data because this study combined heterozygous mutation (HtM) and homozygous mutation (HM) into unified CT+TT in their primary
study. 2Excluded because HWE was <0.05. “Excluded because of limited studies on this locus. DPN, diabetic peripheral neuropathy; HC, healthy control; HWE, Hardy-Weinberg
Equilibrium; SNP, single nucleotide polymorphism; VEGF, vascular endothelial growth factor; WT, wild type.

Table 4. Genotype frequency distribution of VEGF polymorphism in DFU

Sample size, n

Included in

:zf Author, year SNP Group Case/DFU  Control/no  Control/ P HWE the meta-
(%)* DFU (%)* HC (%)* analysis
1 Dahlan et al., 2019%  VEGF 405G/C  WT (GG) 18 (19.9) 23(22.8) - <0.00001  No?
HtM (GC) 69 (71.9) 72 (71.3) =
HM (CC) 9(9.4) 6 (5.9) -
Major allele (G) 105 (54.7) 118 (58.4) -
Minor allele (C) 87 (45.3) 84 (41.6) -
VEGF —460T/C  WT (TT) 42 (43.8) 50 (49.5) = 0.20917 NoP
HtM (TC) 41 (42.7) 36 (35.6) -
HM (CC) 13 (13.5) 15 (14.9) -
Major allele (T) 125 (65.1) 136 (67.3) -
Minor allele (C) 67 (34.9) 66 (32.7) -

*The frequency of various VEGF polymorphisms is represented as a percentage (%) within the same group (case/control, and genotypic/allelic). **HWE in these group were calcu-
lated from the non-DPN group as control due to no healthy control. 2Excluded because HWE was <0.05. "Excluded because of limited studies of this locus. DFU, diabetic foot ulcer;
DPN, diabetic peripheral neuropathy; HC, healthy control; HM, homozygous mutation; HtM, heterozygous mutation; HWE, Hardy-Weinberg equilibrium; SNP, single nucleotide
polymorphism; VEGF, vascular endothelial growth factor; WT, wild-type.
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Table 5. Newcastle-Ottawa scale quality assessment of case-control studies

Barus J.F.A. et al: VEGF gene polymorphisms in DPN

Selection Outcome
Studies Adequate  Case Selec- Defini- Compa-  agcertain- Nonre-
; : rability Same
case repre- tion of tion of ment of sponse
. . . method
definition sentative controls  controls exposure rate
Kim et al., 2009° * * * * * * * bAe
Zhang et al., 20142 * * Y * * * * e
Ghisleni et al.,2015%2 * * * * Yo * * ¥
Arrendondo-Garcia et al., 20192 % * ¥ * * * * e
Dahlan et al., 201926 * * ¥ * * * * e

The number of stars represents the maximum number of points possible in the categories of selection, comparability, and outcome. A black star (%) signifies a given star/point,

whereas a white star (%) represents a failed attempt to obtain a star/point.

Table 6. Newcastle-Ottawa scale quality assessment of cross-sectional studies

Selection Outcome
Studies Case repre- Sample Nonre- Ascertain- f:;:ﬁ; Outcome Statisti-
sentative size spondents ment assessment cal test
Tavakkoly-bazzaz et al., 2010%° * * * * * ¥ * *
Zitouni et al., 20172 * * e * Yoo * *
Barus et al., 201824 * * * * ek * *

The number of stars represents the maximum number of points possible in the categories of selection, comparability, and outcome. A black star (%) signifies a given star/point,

whereas a white star (%) represents a failed attempt to obtain a star/point.

significant result in the present study. Duval and Tweedie’s Trim
and fill method was not performed because no publication bias
was observed.

Quantitative data synthesis of the association between SNP and
DPN

The pooled ORs from all five studies (four case-control studies and
one cross-sectional study) were used to conduct a meta-analysis of
the association between VEGF 936C/T polymorphism and DPN.
To identify variations in the results, we ran a subgroup analysis
solely based on the four case-control studies. The VEGF 936C/T
polymorphism was significantly associated with DPN in the mu-
tation-dominant model (Fig. 2), but not in the wild-type dominant
model (Fig. 3). The CT + TT genotype was associated with a lower
risk of DPN (OR 0.63; 95% CI: 0.49-0.81; p = 0.0004), indicat-
ing that it was associated with a lower risk of DPN. The CC + CT

genotype showed no association with the occurrence of DPN (OR
1.16; 95% CI: 0.68-2.00; p = 0.58). Interstudy heterogeneity was
43%, which was considered low, so stratified analyses were not
performed. The current result was not altered by subgroup analy-
sis, with the VEGF 936C/T polymorphism being significantly
associated with DPN only in the mutation-dominant model (OR
0.67; 95% CI: 0.51 — 0.87; p = 0.003) (Fig. 4), not in the wild-type
dominant model (Fig. 5)

Sensitivity analysis

The sensitivity analysis of the mutation-dominant model showed
the robustness of the results (Table 7).19:21:22:2425 The effect size
did not vary as observed in the leave-one-out method. The ORs
varied from 0.52 to 0.73 with a mean OR of 0.64, comparable
to our meta-analysis (OR 0.63; 95% CI: 0.49-0.81; p = 0.0004).
Thus, the effect size remained consistent between medium values.

DPN Non-DPN Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Arrendondo et al (2019) 44 90 78 128 21.7% 0.61 [0.36, 1.06] —=
Barus et al (2018) 10 66 27 86 13.1% 0.39[0.17, 0.88] —
Ghisleni et al (2015) 5 30 13 68 4.4% 0.85[0.27, 2.63] —_— T
Kim et al (2009) 37 106 102 292 23.4% 1.00 [0.63, 1.59] ——
Zhang et al (2014) 45 204 69 184 37.4% 0.47 [0.30, 0.74] ——
Total (95% CI) 496 758 100.0% 0.63 [0.49, 0.81] <
Total events 141 289

PP _ _ 12— am0 , , . |
Heterogeneity: Chi* = 6.98, df = 4 (P = 0.14); I° = 43% D01 01 ] 10 100

Test for overall effect: Z = 3.54 (P = 0.0004)

Favours [DPN] Favours [Control]

Fig. 2. Meta-analysis using a mutation-dominant model (CT/TT) of VEGF 936C/T polymorphism. Cl, confidence interval; DPN, diabetic peripheral neuropa-

thy; VEGF, vascular endothelial growth factor.
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DPN Non-DPN Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
Arrendondo et al (2019) 78 90 116 128 51.5% 0.67[0.29, 1.57] ——
Barus et al (2018) 65 66 84 86 4.5% 1.55[0.14, 17.44]
Ghisleni et al (2015) 29 30 67 68 5.5% 0.43[0.03, 7.16]
Kim et al (2009) 103 106 277 292 16.8% 1.86 [0.53, 6.55] -
Zhang et al (2014) 198 204 174 184 21.7% 1.90[0.68, 5.33] T
Total (95% ClI) 496 758 100.0% 1.16 [0.68, 2.00] s 2
Total events 473 718
Heterogeneity: Chi? = 3.52, df = 4 (P = 0.47); I> = 0% :O o1 051 i 150 100’

Test for overall effect: Z = 0.55 (P = 0.58)

Favours [DPN] Favours [Control]

Fig. 3. Meta-analysis using a wild-type dominant model (CC/CT) of VEGF 936C/T polymorphism. Cl, confidence interval; DPN, diabetic peripheral neuropa-

thy; VEGF, vascular endothelial growth factor.

DPN Non-DPN Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Arrendondo et al (2019) 44 90 78 128 25.0% 0.61 [0.36, 1.06] —]
Ghisleni et al (2015) 5 30 13 68 5.0% 0.85[0.27, 2.63] —
Kim et al (2009) 37 106 102 292 26.9% 1.00 [0.63, 1.59] ——
Zhang et al (2014) 45 204 69 184 43.0% 0.47[0.30, 0.74] —
Total (95% CI) 430 672 100.0% 0.67 [0.51, 0.87] <&
Total events 131 262

e 2 — — 12 ! 4 Il |
Heterogeneity: Chi“ = 5.46, df = 3 (P = 0.14); I° = 45% o1 o1 ] 0 100

Test for overall effect: Z = 2.94 (P = 0.003)

Favours [DPN] Favours [Control]

Fig. 4. Subgroup analysis consisting of all case-control studies of the mutation-dominant model (CT/TT) of VEGF 936C/T polymorphism. Cl, confidence
interval; DPN, diabetic peripheral neuropathy; VEGF, vascular endothelial growth factor.

DPN Non-DPN Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Arrendondo et al (2019) 78 90 116 128 53.9% 0.67 [0.29, 1.57] —l—
Ghisleni et al (2015) 29 30 67 68 5.8% 0.43 [0.03, 7.16]
Kim et al (2009) 103 106 277 292 17.6% 1.86 [0.53, 6.55] B E—
Zhang et al (2014) 198 204 174 184 22.7% 1.90 [0.68, 5.33] o
Total (95% CI) 430 672 100.0% 1.15 [0.66, 1.99] D
Total events 408 634
Heterogeneity: Chi? = 3.45, df = 3 (P = 0.33); 1> = 13% IO o1 051 i 150 100‘

Test for overall effect: Z = 0.48 (P = 0.63)

Favours [DPN] Favours [Control]

Fig. 5. Subgroup analysis consisting of all case-control studies of the wild-type dominant model (CC/CT) of VEGF 936C/T polymorphism. Cl, confidence
interval; DPN, diabetic peripheral neuropathy; VEGF, vascular endothelial growth factor.

Table 7. Sensitivity analysis of the mutation-dominant model using the
leave-one-out method

Author(s) and year OR 95% Cl 2
Arrendondo et al., 2019% 0.64 0.48-0.85 57%
Barus et al., 2018%* 0.67 0.51-0.87 45%
Ghisleni et al., 2015%? 0.62 0.48-0.81 55%
Kim et al., 2009%° 0.52 0.38-0.70 0%
Zhang et al., 2014%* 0.73 0.53-0.99 33%
Mean 0.64 38%

Each line represents the results obtained by excluding that study. Cl, confidence in-
terval; OR, odds ratio.
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Interstudy heterogeneity was 38% and was considered low.

Meta-regression analysis

In the current analysis model, no study covariates (mean/median
age, male-to-female ratio, and ethnicity) were significantly linked
with the relative prevalence of DPN among a variety of study-lev-
el factors. We predicted the age of diabetes diagnosis and duration
(years) of diabetes to be highly related, although this information
was lacking across studies and needed to be explored further. The
mean/median age was the closest covariate to a significant result
(Fig. 6B). The meta-regression showed that the magnitude of
DPN occurrence in the VEGF 936C/T polymorphism was lower
with older age (Coefficient —0.0674; 95% CI: —0.1361 to 0.0013;
p = 0.0546), which explained R? = 95% of the heterogeneity. The
goodness of fit test resulted in a good result 12 = 0.0026 with very
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a
Model | Study name Statistics for each study Events / Total Odds ratio and 95% CI Weight (Fized) Residual (Fixed)
Odds ratio | Lower limit | Upper limit | ZValue p-Value DPN Non-DPN 010 020 050 100 200 5,00 10,00 Relative weight Std Residual
Anendondo 0613 0,356 1.057 -1.759 0079 44/90 787128 2202 013 ]
Barus et al 0,330 0173 0,879 2,270 0023 10/66 27/86 — 33010 -1.23 ||
Ghisleni et 0,846 0272 2631 -0,289 0773 5730 13768 5,08 | 051 | |
Kim et al 0,999 0627 1,592 -0,005 099 377106 1027292 —_—t 30,08 I 2,29 | |
Zhang et al 0,472 0,302 0,737 -3,305 0001 457204 63/184 —— 3292H 1,58 | ]
Fixed 0633 0,430 0818 -3.504 0,000 ——
Regression of Log odds ratio on Mean/Median Age
0,80
oo p=0.0546
0,40 —
0,20
0,00 —
2
®
= 020 O
[}
o
T
[«] 0,40 |
(=2}
o
-
0,60 —
0,80 —
-1,00 Q
-1,20 —
-1,40 T T T T T
50,0 52,0 54,0 56,0 58,0 60,0 62,0
Mean/Median Age

Mot explained by model (h)

R? for Model 1, Random effects (MM), Z-Distribution, Log odds ratio

Total variance in true effects (a)
0,0684

Explained by model (c)

0,0026 0,0659
RZ = Explained {c) _ 0,0659 _
- Total {a) B 0,0684 -

{a) To compute the total variance (of all studies about the grand mean) we run the regression with no covariates.
{b) To compute the variance not explained by the model (of all studies about the regression line) we run the regression with the covariates,

{c) The difference between these values gives us the variance explained by the model.

Fig. 6. Meta-analysis and meta-regression of the occurrence of DPN in the dominant-mutation model of VEGF 936C/T polymorphism. (a) Forest plot with
OR for DPN occurrence following VEGF 936C/T polymorphism in DPN group (case) against control for separate studies and the pooled population. (b) The OR
of studies against controls as a function of the mean/median age (years) of participants at enrollment, with R? = 96%. ORs are represented on a logarithmic
scale. A solid line represents the fitted meta-regression function, along with the upper and lower bounds for the 95% mean prediction interval (double line).
Individual studies are represented by circles, and the size of each circle is equal to their statistical weight. Cl, confidence interval; DPN, diabetic peripheral
neuropathy; OR, odds ratio; VEGF, vascular endothelial growth factor.

78

DOI: 10.14218/GE.2023.00062 | Volume 23 Issue 1, March 2024


https://doi.org/10.14218/GE.2023.00062

Barus J.F.A. et al: VEGF gene polymorphisms in DPN Gene Expr
Table 8. FPRP analysis of VEGF 936C/T gene polymorphism
Prior probability*
Genotype OR (95% Cl) p-value Power
0.1 0.01 0.001 0.0001 0.00001
VEGF 936C/T
CC+CTvs. TT 1.02 0.94 0.9114 0.762 0.905 0.991 0.999 1 1
CT+TT vs. CC 0.52 <0.0001 0.9114 0.001 0.003 0.031 0.242 0.762 0.970

*Significant values are denoted in italic if FPRP was < 0.5. Cl, confidence interval; FPRP, false-positive report probability; OR, odds ratio; VEGF, vascular endothelial growth factor.

low heterogeneity (12 = 2.22%).

FPRP analysis

The positive findings of the meta-analysis were evaluated with an
FPRP analysis. VEGF 936C/T was tested in both wild-type domi-
nant and mutation-dominant models. As in a previous study, we
used an FPRP of 0.5 because that value demonstrated a significant
improvement over current practice. Because of the minimal num-
ber of studies and sample size involved, we set the threshold at
0.5.27 Several significant associations of the VEGF 936C/T gene
polymorphism in the mutation-dominant model (prior p-values of
0.25/0.1/0.01/0.001) could be noteworthy (Table 8).

Discussion

A systematic review was carried out to examine the relationship
between all published SNPs in the VEGF gene and the risk of de-
veloping DPN in the diabetic population. As the most studied poly-
morphism, VEGF 936 C/T was the subject of a meta-analysis. The
T allele in the VEGF 936 C/T polymorphism was linked to fewer
occurrences of DPN, showing that it has a protective effect. To
the best of our knowledge, this is the first meta-analysis of VEGF
SNPs associated with DPN.

The CC (wild-type) genotype was related to increased DPN in
diabetes individuals in every research study included in the meta-
analysis. A study by Zhang et al. found no difference in C or T
allele distribution between diabetes patients and healthy controls.?!
A study by Arrendondo et al. discovered that the T allele con-
ferred significant protection against DPN.?5 Several studies have
not found a link between this polymorphism and DPN suscepti-
bility.!®?? The inconsistent results may be attributed to the small
sample size of individual studies, the wide range of diabetes onset,
and other external or environmental factors. Our meta-analysis
suggested that it was linked to a decreased risk of DPN, like that
reported by Arrendondo et al.?’

VEGF 936 is located in the 3’-UTR of chromosome 6p.21.3,
bound to a protein that controls the termination of nucleic acid
transcriptions or stop codons. It has been widely investigated for
its role in angiogenesis, cell migration, and neurogenesis. The
VEGF gene regulates angiogenesis under both physiological and
pathologic conditions. This gene controls cell proliferation, dif-
ferentiation, migration, and survival, as well as nitric oxide pro-
duction and interaction with other angiogenic factors. The 5’- and
3’-UTRs may not be translated into proteins, but they are a critical
regulator of protein synthesis. This regulation occurs by both the
cis-regulatory elements and trans-acting factors, both in the UTRs.
The changes in this cis-regulatory sequence may alter physiologi-
cal balance causing several diseases.?8

The mechanisms by which VEGF gene polymorphism from C
to T allele conferred protection against DPN were still unknown.
A study by Kim et al. found that TT homozygotes and T allele
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carriers had higher plasma VEGF concentrations in healthy con-
trols and diabetic patients, but the mechanism was not known.??
We propose several hypotheses that may explain this protective
effect of VEGF gene polymorphism in DPN. The first hypothesis
is that the increased plasma VEGF concentration may increase
the vasa nervorum count, protect peripheral nerves, and promote
the restoration of large and small fiber peripheral nerve function.
Two findings supported this hypothesis. First, even in the early
stages of diabetic neuropathy, abnormalities in the vasa nervorum
and nerve fiber loss were observed. The high VEGF concentration
in the stage before neuropathy develops is beneficial. Second, in
4 weeks, plasmid DNA encoding the VEGF gene restored severe
peripheral neuropathy rats to a state comparable to healthy non-
diabetic rats. A similar study in rabbits produced similar results.?
Our second hypothesis is that the VEGF 936 C/T polymorphism
decreases VEGF binding affinity, expression, and inflammation.
Increased plasma VEGF levels would compensate for this low af-
finity, as observed in TT homozygotes and T allele carriers with
higher plasma VEGF levels. This hypothesis was supported by
the fact that many genetic polymorphism studies have discovered
lower affinity following mutation/polymorphism.**3! Studies have
shown that VEGF and other pro-angiogenic factors can influence
the inflammatory process in various ways, including mediating in-
flammatory cell migration and the production of cytokines by ac-
tivated endothelial cells. This has been observed in VEGF studies
of theumatoid arthritis and T-cell-mediated immunity diseases.3?

Possible clinical applications of polymorphic genes like the
VEGF gene include use as susceptibility biomarkers in populations
with similar genetic profiles. Knowing who is at risk for certain
diseases and who is less likely to develop them because of gene
polymorphisms allows clinicians to develop more effective per-
sonalized preventive strategies or treatments. For example, in the
current study, the VEGF-C/T polymorphism conferred protection
against DPN, implying that diabetics lacking this polymorphism
require more aggressive preventive strategies to avoid developing
DPN. Furthermore, advances in genetic testing have enabled us to
detect genes using safe and minimally invasive techniques, such as
DNA extracted from biological matrices such as urinary sediment,
exfoliated buccal cells, and blood matrices.

It should be noted that the current study had some limitations.
First, while the sample size for the meta-analysis was adequate, it
was considered small, particularly in genetic studies. Second, some
studies were prone to selection bias because they only adjusted for
ethnicity, age, and sex. Case-control studies that used a diabetic
population without DPN as a control only matched the group based
on either diabetes onset or diabetes duration, not both. It would be
ideal if these studies were conducted in a large community-based
populations with matched mean age, sex ratio, onset of diabetes,
and duration of diabetes. Other risk factors including systemic dis-
eases that could affect peripheral nerves should also be excluded.
Third, stratified analysis using community-based or hospital-based
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controls was not performed owing to a lack of data. Only two stud-
ies had healthy community-based healthy controls and only one
had a hospital-based control. Fourth, because of limited data, many
VEGF polymorphisms could not be analyzed, and further research
on other key VEGFs is needed for an updated meta-analysis. Fi-
nally, the mechanisms underlying how VEGF gene polymorphism
affects physiological function remain unknown, necessitating ad-
ditional molecular studies to elucidate the hypotheses of related
mechanisms.

Conclusion

Our meta-analysis suggests that the VEGF 936C/T gene polymor-
phism is linked to a decreased risk of DPN. This gene has the po-
tential to be a predictive biomarker for determining who is at a
lower risk of developing DPN. Early preventive efforts should be
addressed in patients bearing the 936C allele.
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