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Objective: This study aimed to explore the relationship between circulating vascular endothelial growth factor (VEGF) levels and
Behget’s disease (BD), as well as to examine the association between VEGF gene polymorphisms and BD.

Methods: We conducted a comprehensive search of the MEDLINE, Embase, and Web of Science databases to identify relevant
research articles. A meta-analysis was performed to compare serum or plasma VEGF levels in BD patients with those in control
groups. Additionally, we evaluated the potential associations between BD susceptibility and specific VEGF polymorphisms, name-
ly -634 C/G, +936 C/T, and the 18 bp insertion/deletion (I/D) at —2549.

Results: The analysis included 15 studies with a total of 1,020 BD patients and 1,031 controls. BD patients exhibited significantly
higher circulating VEGF levels compared to controls (standardized mean difference [SMD]=1.726, 95% confidence interval
[CI]=1.030~2.421, p<0.001). Elevated VEGF levels were noted among BD patients from European and Arab populations. Sub-
group analysis further confirmed the increase in VEGF levels across different data types and sample sizes. Patients with active
BD had higher VEGF levels than those with inactive BD (SMD=0.635, 95% CI=0.092~1.177, p=0.022). However, no significant
association was found between BD and the VEGF -634 C allele (odds ratio=1.023, 95% CI=0.707~1.481, p=0.904). Similarly, no
association was detected between BD and the VEGF +936 C/T or 18 bp I/D at -2549 polymorphisms.

Conclusion: Our meta-analysis showed a strong association between elevated circulating VEGF levels and BD. However, the
VEGF polymorphisms examined in this study do not appear to be associated with susceptibility to BD.
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thrombosis. Recent studies indicate that vascular endothelial

INTRODUCTION
growth factor (VEGF), a powerful angiogenic factor, plays a

Behget’s disease (BD) is a complex, multisystem disorder
marked by a wide range of clinical symptoms, including recur-
rent oral and genital ulcers, uveitis, skin lesions, and vascular
complications [1]. Although substantial progress has been
achieved in understanding its clinical characteristics and diag-
nostic criteria, the exact pathogenic mechanisms are still not
well understood.

A key factor in BD pathogenesis is its association with vascu-

lar dysfunction, which frequently results in vascular lesions and

crucial role in BD’s pathophysiology [2]. VEGEF is vital for an-
giogenesis and vascular permeability, making it a central regula-
tor of blood vessel formation and maintenance [3,4]. This led to
growing interest in exploring the relationship between VEGF
levels and VEGF gene polymorphisms in BD, as these may shed
light on the disease’s etiology and progression.

Previous researches have shown elevated VEGF levels in BD
patients, but the consistency and extent of this association across

different populations and disease stages remain debated [5-19].
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VEGF and Behget's disease

Additionally, the genetic basis of BD susceptibility is complex
and involves multiple factors, with several immune-related
genes implicated in its development. Among these, VEGF gene
polymorphisms have been studied for their potential link to
BD susceptibility, though findings have been inconsistent. This
meta-analysis sought to consolidate existing evidence on the
association between circulating VEGF levels and BD, while
also investigating the potential connection between VEGF gene
polymorphisms and BD susceptibility. The aim of our meta-
analysis was to systematically examine the existing evidence on
serum/plasma VEGF levels in patients with BD compared to
controls, and to explore the relationship between VEGF poly-
morphism and the susceptibility to BD.

MATERIALS AND METHODS

Study selection and data retrieval

We conducted a comprehensive literature search to identify
studies that examined VEGEF levels in the circulation (serum or
plasma) of patients with BD compared to healthy controls, as
well as studies exploring the association between VEGF gene
polymorphisms and BD. The search covered the MEDLINE,
Embase, and Cochrane databases and included articles from the
inception of these databases up to July 2024. Our search strategy
involved keywords such as “vascular endothelial growth fac-
tor” “serum OR plasma OR circulating,” “polymorphism,” and
“Behget’s disease” Additionally, we reviewed the references in
the identified articles to find any relevant studies that may not
have been captured in the database search. Eligible studies met
the following criteria: (1) case-control, cohort, or cross-sectional
design; (2) provided data on circulating VEGF levels in both
BD patients and control groups; and (3) examined VEGF gene
polymorphisms in both BD and control groups. Studies were
excluded if they had overlapping or insufficient data, or if they
were review articles or case reports. Two independent review-
ers extracted information on the methods and results from
the original studies, resolving any discrepancies by consensus.
Extracted data included details such as the primary author, year
of publication, country, ethnicity, adjustments for age and sex,
number of participants, mean and standard deviation (SD) of
VEGEF levels, and allele and genotype frequencies of VEGF gene
polymorphisms. Data were reported as mean and SD, or as me-
dian and interquartile range, using established formulae [20,21].

The definitions of active versus inactive BD varied across the

studies: Arica et al. [6]: Patients with at least one mucocutaneous
lesion or active organ involvement were classified as having “ac-
tive disease,” while those without any mucocutaneous lesions or
systemic complaints at the time of blood collection were defined
as having “inactive disease” Gheita et al. [7]: Active disease was
defined as a Behget's Disease Current Activity Form score of 2
or higher. Yal¢indag et al. [11]: Ocular involvement was consid-
ered an indication of active disease. Ibrahim et al. [12]: Patients
with at least two of the following were classified as having ac-
tive disease: aphthous stomatitis, genital ulceration, positive
pathergy test, skin lesions, anterior iridocyclitis, panuveitis or
posterior vasculitis, arthritis, vascular lesions, or manifestations
affecting the pulmonary or central nervous systems. Kamoun et
al. [14]: Ocular involvement was considered an indicator of ac-
tive disease. Shaker et al. [15]: Active disease was defined by the
presence of three out of five major findings on admission (skin
lesions, positive pathergy test, uveitis, oral ulcers, and genital
ulcers). Patients without any clinical or laboratory signs of BD
for at least 1 month were classified as having inactive disease.
Cekmen et al. [17]: The presence of three out of five major find-
ings on admission (skin lesions, positive pathergy test, uveitis,
oral aphthae, and genital ulcers) was considered to indicate ac-
tive disease. The quality of each study was assessed using the
Newcastle-Ottawa Scale [22]. The meta-analysis was conducted
following the PRISMA guidelines [23].

Statistical analysis

We performed a meta-analysis to examine the relationship
between VEGF levels and BD, as well as to assess the impact
of minor alleles versus major alleles in various VEGF gene
polymorphisms. Results were expressed as standardized mean
differences (SMDs) with 95% confidence intervals (CIs) for con-
tinuous data, and odds ratios (ORs) with 95% ClIs for dichoto-
mous data. Cochran’s Q test was used to assess within-study
and between-study variations and to evaluate heterogeneity. A
heterogeneity test determined whether the studies were evaluat-
ing the same effect. If the Q-statistic was significant (p<0.10),
indicating heterogeneity, a random-effects model was applied;
otherwise, a fixed-effects model was used, assuming all studies
estimated the same underlying effect and considering within-
study variations [24]. Heterogeneity was quantified using I?,
which measures inconsistency between studies, with I* values
indicating low, moderate, or high levels of variation [25]. Statis-

tical analyses were conducted using the Comprehensive Meta-
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Analysis Program (BioStat, Englewood, NJ, USA).

Assessment of heterogeneity, sensitivity analysis, and
publication bias

To identify potential sources of heterogeneity observed in the
meta-analysis, we conducted a meta-regression analysis con-
sidering variables such as ethnicity, adjustments for age and/
or sex, publication year, sample size, and data type. Sensitivity
analysis was performed by systematically omitting each study to
assess its influence on the overall effect size. Unlike funnel plots,
which can be subjective and require studies of various types and
sample sizes, Egger’s linear regression test was used to assess
publication bias, detecting funnel plot asymmetry by using a
natural logarithm of the effect size [26].

Table 1. Circulating VEGF level analyzed in the meta-analysis

RESULTS

Inclusion of studies in the meta-analysis
We identified a total of 128 studies through electronic and

manual searches. Out of these, 19 were selected for a thorough
review based on their titles and abstracts. Four studies were ex-
cluded due to either insufficient data or duplicate information.
Consequently, 15 studies met the inclusion criteria which in-
cluded data from 885 patients with BD and 875 control subjects
(Tables 1, 2, and Figure 1) [5-19]. Two of these studies provided
data on both VEGF levels and the VEGF gene polymorphisms
of interest [5,14] and another two studies provided only data on
the VEGF gene polymorphisms [18,19]. Thus, 13 investigated
VEGEF levels in both the affected and control groups, while
four focused on VEGF gene polymorphisms in both BD and

Author Country Ethnicity Case (n)
Sertoglu et al. [5] Turkey European 55
Arica et al. [6] Turkey European 45
Gheita et al. [7] Egypt Arab 59
Kul et al. [8] Turkey European 40
Eldin et al. [9] Egypt Arab 30
Ganeb et al. [10] Egypt Arab 70
Yalgcindag et al. [11] Turkey European 65
Ibrahim et al. [12] Egypt Arab 40
Ozturk et al. [13] Turkey European 21
Kamoun et al. [14] Tunisia Arab 135
Shaker et al. [15] Egypt Arab 30
Erdem et al. [16] Turkey European B8]
Cekmen et al. [17] Turkey European 39

Control (n) Maghnitude”
30 0.479 Small 0.037
28 0.636 Medium 0.010
60 0.044 Small 0.811
40 1.224 Large <0.001
20 2.187 Large <0.001
70 3.708 Large <0.001
21 0.360 Small 0.154
40 3.117 Large <0.001
21 1.064 Large 0.001
157 2.582 Large <0.001
15 4.156 Large <0.001
20 1.076 Large <0.001
15 2.196 Large <0.001

VEGF: vascular endothelial growth factor, SMD: standardized mean difference. *Magnitude of Cohen’s d effect size: 0.2~0.5, small effect;

0.5~0.8, medium effect; and >0.8, large effect.

Table 2. VEGF polymorphisms analyzed in the meta-analysis

Author Country Ethnicity

Case (n)

Control (n)

Sertoglu et al. [5] Turkey European 55 30
Kamoun et al. [14] Tunisia Arab 135 157
Nam et al. [19] Korea Asian 101 138
Salvarani et al. [18]  Italy European 122 200

VEGF polymorphism tested Statistical findings (p-value)
VEGF -634 C/G, +936 C/T, NS
-2758 A/C
VEGF -634 C/G, +936 C/T, 18 bp NS
I/D at -2549
VEGF -634 C/G, +936 C/T NS
VEGF -634 C/G, +936 C/T, 18 bp -634 C/G (p=0.020),

I/D at -2549 +936 C/T (NS) and

-2549 |/D (p=0.016)

VEGF: vascular endothelial growth factor, I/D: insertion/deletion, NS: not significant.
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Records identified through
literature searching (n=128)
MEDLINE (n=38), Embase (n=52),
Web of Science (n=38)

Records excluded for duplicate,
> irrelevance in other databases
(n=34)

A

Records after the exclusion
(n=94)

Records excluded for irrelevance

(review, animal or experimental
» studies, not related to the VEGF,
or Behget's disease)

A

(n=75)

Full-text articles assessed for eligibility
(n=19)

A 4

Records excluded for irrelevant
» articles, or articles with no data

(n=4)

Studies included in meta-analysis
(n=15)

Figure 1. Flowchart depicting the
process of study selection. VEGF:
vascular endothelial growth factor.

Table 3. Meta-analysis of the association between circulating VEGF levels and Behget's diseases

Test of association

Test of heterogeneity

SMD* 95% ClI Model p-value

Subject

Population Study(n)—————

Case (n) Control (n)
All Overall 13 662 537
Ethnicity European 7 298 175
Arab 6 364 362
Data type Original 10 497 458
Calculated 3 165 79
Sample size (n) =100 3 264 287
<100 10 398 250
Disease activity Active vs. inactive 7 267 183

1.726 1.030~2.421 <0.001 R <0.001 95.7
0.963 0.558~1.367 <0.001 R 0.001 74.5
2.605 1.317~3.893 <0.001 R <0.001 97.3
2108 1.283~2.933 <0.001 R <0.001 95.8
0.493 0.219~0.767 <0.001 F 0.734 0

2104 0.070~4.139 0.043 R <0.001 98.7
1.589 0.957~2.221 <0.001 R <0.001 91.3
0.635 0.092~1.177 0.022 R <0.001 85.5

VEGF: vascular endothelial growth factor, SMD: standardized mean difference, Cl: confidence interval, F: fixed effects model, R: random
effects model. *Magnitude of Cohen’s d effect size (SMD): 0.2~0.5, small effect; 0.5~0.8, medium effect; and >0.8, large effect.

control groups (Tables 1 and 2). Meta-analyses were conducted
on VEGF polymorphisms where there were at least two com-
parisons. Due to the limited number of studies on candidate
gene associations, three separate meta-analyses were performed,
specifically analyzing VEGF polymorphisms -634 C/G, +936 C/
T, and 18 bp insertion/deletion (I/D) at -2549. Each study was
rated for quality on a scale of 5 to 7. Details regarding the char-

acteristics of the included studies are provided in Tables 1 and 2.

Meta-analysis of circulating VEGF levels in BD patients
vs. controls

The meta-analysis showed a significant difference in circulat-
ing VEGF levels between BD patients and controls (SMD=1.726,
95% CI=1.030~2.421, p<0.001) (Table 3 and Figure 2). Stratified
by ethnicity, BD patients of European and Arab descent had
higher VEGF levels compared to controls (Table 3). Subgroup
analysis confirmed elevated VEGF levels in BD patients re-

gardless of data type and sample size (Table 3). Furthermore,
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-8

A
Study name Statistics for each study
Study difference Lower  Upper
in means limit limit  p-value
Sertoglu et al. [5] 0.479 0.028 0.930 0.037
Arica et al. [6] 0.636 0.153 1.119 0.010
Gheita et al. [7] 0.044 -0.316 0.403 0.811
Kul et al. [8] 1.224 0.746 1.701 <0.001
Eldin et al. [9] 2.187 1.477 2.897 <0.001
Ganeb et al. [10] 3.708 3.162 4.254 <0.001
Yalgindag et al. [11] 0.360 -0.135 0.855 0.154
Ibrahim et al. [12] 3.117 2.465 3.769 <0.001
Oztiirk et al. [13] 1.064 0.418 1.710 0.001
Kamoun et al. [14] 2.582 2.271 2.893 <0.001
Shaker et al. [15] 4.156 3.097 5.214 <0.001
Erdem et al. [16] 1.079 0.484 1.668 <0.001
Cekmen et al. [17] 2.196 1.470 2.921 <0.001
1.726 1.030 2.421 <0.001
B
Study name Statistics for each study
Study difference Lower  Upper

in means limit limit  p-value
Arica et al. [6] 0.471 -0.181 1.123 0.156
Gheita et al. [7] 0.014 -0.397 0425 0.945
Yalgindag et al. [11] -0.225 -0.714  0.263 0.366
Ibrahim et al. [12] 1.404 0.712  2.096 <0.001
Kamoun et al. [14] 1.095 0.725 1.466  <0.001
Shaker et al. [15] 0.105 -0.617 0.828 0.775
Cekmen et al. [17] 1.729 0.989 2469 <0.001

0.635 0.092 1.177 0.022

-8

VEGEF levels were significantly higher in patients with active
BD compared to those with inactive BD (SMD=0.635, 95%
CI=0.092~1.177, p=0.022) (Table 3 and Figure 2).

Meta-analysis of VEGF polymorphisms —-634 C/G, +936
C/T, and 18 bp I/D at —2549 and BD susceptibility

The meta-analysis revealed no significant association be-
tween BD and the VEGF -634 C allele when comparing pooled
data from affected individuals and controls (OR=1.023, 95%
CI=0.707~1.481, p=0.904) (Table 4 and Figure 3). Similarly, no
significant association was found between BD and the VEGF
+936 T allele (OR=1.072, 95% CI=0.811~1.417, p=0.628) (Table
4 and Figure 3). The analysis showed no significant association
between BD and the VEGF 18 bp I/D polymorphism at -2549
(Table 4 and Figure 3).
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Inactive

Study difference in
means and 95% CI

El

-4 0 4 8

Control BD

Study difference in
means and 95% ClI

L J Figure 2. Meta-analysis examining

[ | (A) the relationship between BD and
circulating VEGF levels, as well as (B) the

L comparison between active and inactive

* BD groups. BD: Behget's disease, VEGF:

-4 0 4 8 vascular endothelial growth factor, CI:

Active BD confidence interval.

Heterogeneity and assessment of publication bias
Heterogeneity was evident in most meta-analyses of VEGF

levels in BD patients (Table 3). Meta-regression analysis indicat-
ed that data type, sample size, and publication year contributed
to this heterogeneity. Sensitivity analysis showed that no single
study had a disproportionate effect on the pooled SMD, sup-
porting the robustness of the meta-analysis results. Heterogene-
ity was also present in meta-analyses of VEGF polymorphisms
(Table 4). Although publication bias can arise from an imbal-
ance of positive findings, our analysis found no evidence of such
bias. Funnel plots did not show asymmetry, and Egger’s regres-
sion test yielded p-values >0.05.

DISCUSSION

This meta-analysis revealed a significant increase in circu-

lating VEGF levels in patients with BD compared to controls,
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0102 05 1
Control BD

OR and 95% CI
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OR and 95% CI
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A
Study name Statistics for each study
Lower  Upper
OR limit limit  p-value
Sertoglu et al. [5] 1.113 0.587 2.112 0.743
Kamoun et al. [14] 0.841 0.602 1.176 0.311
Nam et al. [19] 0.755 0.522 1.093 0.137
Salvarani et al. [18] 1.564 1.134 2.157 0.006
1.023 0.707 1.481 0.904
B
Study name Statistics for each study
Lower Upper
OR limit limit  p-value
Sertoglu et al. [5] 1.206 0.434 3.355 0.719
Kamoun et al. [14] 0.699 0.412 1.186 0.184
Nam et al. [19] 0.945 0.570 1.568 0.827
Salvarani et al. [18] 1.651 1.026 2.657 0.039
1.072 0.811 1.417 0.626
C
Study name Statistics for each study
Lower  Upper
OR limit limit  p-value
Kamoun et al. [14] 0.852 0.607 1.195 0.353
Salvarani et al. [18] 1.262 0.916 1.739 0.155

1.041 0.708 1.529 0.839

Control BD

Figure 3. Meta-analysis of ORs with
95% Cls, showing results from individual
studies and the combined data, focused
on the allelic association between BD
and VEGF polymorphisms (A) -634 C/
G, (B) +936 C/T, and (C) 18 bp I/D at
-2549. BD: Behcet’s disease, VEGF:
vascular endothelial growth factor, |/D:

OR and 95% CI

0102 05 1 2 5 10 insertion/deletion, OR: odds ratio, Cl:

Control BD

confidence interval.

Table 4. Meta-analysis of tests of association between polymorphisms in VEGF gene and Behcet’s disease

. . Subject
Polymorphism Population Study(n) ———
Case (n) Control (n)
VEGF -634 Cvs. G Pooled 4 413 525
VEGF +936 Tvs. C Pooled 4 413 524
VEGF -2549 | vs. D Pooled 2 257 357

Test of association Test of heterogeneity
OR 95% Cl p-value Model p-value
1.023 0.707~1.481 0.904 R 0.014 71.8
1.072 0.811~1.417 0.628 F 0.113 49.7
1.041 0.708~1.529 0.839 R 0.099 63.3

VEGF: vascular endothelial growth factor, I: insertion, D: deletion, OR: odds ratio, Cl: confidence interval, R: random effect model, F: fixed

effect model.

reinforcing the role of VEGF in the disease’s pathogenesis. Our
subgroup analysis demonstrated a consistent rise in VEGF levels
among BD patients across various subgroups defined by data
type and sample size, indicating that VEGF’s involvement in BD
is a stable finding, irrespective of differences in data collection
methods and study sizes.

Significantly higher VEGF levels were observed in patients

with active BD compared to those with inactive BD, highlight-
ing VEGF’s potential as a biomarker for disease activity. This
increase in circulating VEGF levels in BD could be due to a
complex mechanism involving innate and adaptive immune
responses, leading to heightened angiogenesis and vascular
permeability [27]. This suggests that VEGF might be useful in
monitoring BD progression and tailoring treatment strategies.
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We chose the specific VEGF polymorphisms (-634 C/G, +936
C/T, and 18 bp I/D at —2549) based on prior research suggesting
their potential relevance to angiogenesis and immune regulation
in BD. The -634 C/G polymorphism is located in the 5'-un-
translated region (UTR) of the VEGF gene and has been associ-
ated with variations in VEGF protein expression [28]. The +936
C/T polymorphism is located in the 3'-UTR of the VEGF gene
and influences plasma VEGEF levels [29]. The 18 bp I/D poly-
morphism is located in the promoter region of the VEGF gene.
This region is important for the regulation of VEGF expression
[30]. Conversely, our analysis of VEGF polymorphisms, specifi-
cally -634 C/G, +936 C/T, and 18 bp I/D at -2549, did not show
significant associations with BD susceptibility. This indicates
that these specific genetic variations in the VEGF gene may not
be associated with BD. However, it is important to acknowledge
that genetic associations with complex diseases like BD are mul-
tifactorial, and other genetic variants not covered in this meta-
analysis could still play a role.

The novelty of this meta-analysis lies in its dual focus: as-
sessing both the role of VEGF polymorphisms and the direct
association between VEGF elevation and disease activity in BD
by confirming the association between elevated VEGF levels
and active BD. The meta-analysis addresses inconsistencies in
previous research regarding VEGF polymorphisms, demon-
strating that these specific genetic variants are not significantly
associated with increased BD risk. This finding shifts the focus
away from these polymorphisms as risk markers, offering new
insights into BD pathogenesis. However, further studies of basic
or experimental study are needed.

While this meta-analysis provided valuable insights into the
VEGE-BD relationship, it had limitations. Variability in study
design, sample size, and data collection methods among the
included studies could introduce heterogeneity and potential bi-
ases. Additionally, the analysis did not consider possible interac-
tions between VEGF and other genetic or environmental factors
that might contribute to BD development. Nonetheless, a key
strength of this meta-analysis is the large number of included
studies and patients, which provided a comprehensive and ro-
bust overview of the VEGE-BD association. This large sample
size increased the statistical power of the analysis, enhancing the
reliability of the results [31-33].
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CONCLUSION

This meta-analysis confirms the association between elevated
circulating VEGF levels and BD, emphasizing VEGF’s poten-
tial role in the disease’s pathogenesis and activity. However, the
specific VEGF polymorphisms studied did not appear to be as-
sociated with BD susceptibility. Future research should focus on
more extensive genetic studies and explore gene-gene and gene-
environment interactions to better understand the complex

etiology of BD and identify potential therapeutic targets.
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