JOURNAL OF MEDICAL RESEARCH

SERUM VASCULAR ENDOTHELIAL GROWTH FACTOR LEVELS AND
SOME CHARACTERISTICS OF DIABETIC RETINOPATHY PATIENTS
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Diabetic retinopathy (DR) is a dangerous microvascular complication of diabetes mellitus (DM). The escalating
prevalence of diabetes increases the rate of DR patients in Vietnam. Numerous studies have indicated that serum
vascular endothelial growth factor (VEGF) can be used as a marker for monitoring the progression of this disease.
Our study included 150 diabetic patients and 75 healthy individuals in the control group. Our study included 150
diabetic patients and a control group of 75 healthy individuals. We investigated the association between serum
VEGF levels and some characteristics in diabetic retinopathy patients. Clinical data (pulse, blood pressure, medical
history, and body mass index) and paraclinical data (Glucose, HbA1c) were collected. Serum samples were
analyzed to determine VEGF concentrations. Our study fond that serum VEGF levels were higher in the group with
DR compared to the other two groups and exhibited a correlation with glucose levels in diabetic patients (p < 0.05).
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I. INTRODUCTION

Diabetic retinopathy (DR) is a microvascular
complication that threatens the vision of
individuals with diabetes. It is the leading cause
of preventable blindness in working-age adults.
This complication annually causes the loss of
vision for thousands of people.’

Currently, the rate of diabetic patients in
Vietnam is increasing rapidly, concomitant with
a rise in the incidence of DR, greatly impacting
patients’ quality of life and imposing burdens on
the healthcare system.? However, clinically, the
majority of patients with DR are detected in the
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late stages, when this complication is difficult or
impossible to recover. This situation raises the
imperative of devising research methodologies
for early and accurate diagnosis.

Many studies have explored disease cohorts
comprising many subgroups to find biomarkers
for the progression of DR across its various
stages (no DR, non-proliferative diabetic
retinopathy, proliferative diabetic retinopathy).
Among these biomarkers, vascular endothelial
growth factor (VEGF) and vascular endothelial
growth factor receptor (VEGFR)in serum are the
most important markers related to DR, clearly
indicating the extent of neovascularization
proliferation in DR, as evidenced by various
studies. Consequently, serum VEGF can be
used as a biomarker to monitor the progression
of DR. VEGF is a member of the growth factor
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subfamily and functions as a signaling protein
pivotal to angiogenesis. VEGF is biosynthesized
and secreted from retinal pigment epithelial cells,
pericytes, astrocytes, Muller cells, glial cells,
and endothelial cells. The equilibrium between
VEGF and angiogenesis inhibitors critically
regulates angiogenesis and proliferation in
DR.3# Many studies have shown that serum
VEGEF levels are associated with DR, increased
macular thickness, and disruption of the retinal
photoreceptor ellipsoid Therefore,
research cohorts worldwide have assessed that
serum VEGF can be chosen as a biomarker to
monitor the progression of DR.

zone.?

However, in Vietham, there are currently not
many studies evaluating serum VEGF levels in
diabetic retinopathy patients. Thus, we carried
out this project to determine serum VEGF levels
and their relationship with some characteristics
of these patients.

Il. METHODS
1. Objectives

Type 2 diabetes patients who came for
examination and treatment at E Hospital and
Vietnam National Eye Hospital from January
2020 to March 2023 were selected based on
selection criteria and voluntarily participated in
the study. Diabetic patients were divided into
two groups: those with and without diabetic
retinopathy.

The control group is healthy people without
diabetes and retinal disease.

Selection criteria

Diabetes group: Patients diagnosed with
type 2 diabetes according to the standards of
the American Diabetes Association (ADA) 2019
[6] and the classification of diabetic retinopathy
of the International Council of Ophthalmology
(2017).” Control group: Healthy people without
diabetes and retinal disease.
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Exclusion criteria

Patients were excluded if they had a
diagnosis of cancer, rheumatoid arthritis, or
severe cataracts precluding fundus examination.

2. Methods
Research design: cross-sectional description.

Sample size: use the sample size formula
p(1-p)
(p-e)

n =22

1-a/2

In which:
n: research sample size, p: 0.425,%
Z . 1.96 and €: 0.28. Substituting these

1-a/2"
values into the formula yields n = 66.29. During
the study, we collected 225 patients in two
groups of type 2 diabetes with and without
DR and a control group of healthy people (75

individuals in each group).

Research steps: Research subjects were
given a general examination, eye examination,
and medical interviews to collect clinical
information according to research medical
records. Venous blood samples were collected
in the morning after an overnight fast of at least
8 hours. These samples, totaling 4mL each,
were collected into two test tubes containing
silica gel particles. Following collection, the test
tubes were maintained upright for 60 minutes
at room temperature to facilitate clot formation.
Subsequently, the tubes were centrifuged
at 4000-5000 rpm for 10 minutes at room
temperature to separate serum from blood cells.
The serum was then transferred to Eppendorf
tubes and stored at -80°C until further analysis.

Research  variables and indicators:
Information on age, gender, patient history,
pulse, blood pressure, and body mass index
(BMI):

BMI = weight/ (height)? (kg/m?).

Being overweight is a BMI of 23 - 24.9 kg/
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m2; obesity is a BMI = 25 kg/m?[9]. Glucose
concentration was analyzed using the hexokinase
method (AU5800). HbA1C concentration was
analyzed using boronate particle affinity high-
performance liquid chromatography (Premier
9210). Serum VEGF concentrations were
measured by the sandwich ELISAtechnique using
the MyBioSource Human-VEGF ELISA analysis
kit (MBS355343) following the manufacturer’s
instructions at the laboratory of University of
Medicine and Pharmacy, Vietnam National
University, Hanoi. The absorbance from each
sample was measured by a spectrophotometric
microplate reader at a wavelength of 450 nm
(Epoch 2 machine, Biotek instruments, USA).
Absorbance from each sample has been
measured in duplicate.

3. Data analysis

Data was collected following the prescribed
research medical record form and analyzed

using statistical methods employing SPSS
22.0 software. The association between two
qualitative variables was assessed using the
Chi-square (x?) test, while the Kruskal-Wallis
and Mann-Whitney tests were employed to
evaluate relationships between two quantitative
variables. Correlation analysis between two
quantitative variables was conducted using
Spearman analysis. A significance level of p <
0.05 was considered statistically significant.
4. Research ethics

The study was approved by the Ethics
Council in Biomedical Research, Hanoi
Medical University, number IRB-VN01.001/
IRB0O0003121/FWA 00004148, on March 18,
2020.

lll. RESULT

The general characteristics of the subjects
in the study are shown in Table 1.

Table 1. Some characteristics of the research objects

No diabetic Diabetic
L. Control group . .
Characteristic % retinopathy retinopathy p
» e n,% n,%
Male 21 (23.3) 38 (42.2) 31(34.4)
Gender 0.0172
Female 54 (40.0) 37 (27.4) 44 (32.6)
<60 50 (54.3) 29 (31.5) 13 (14.1)
Age (years) < 0.0012
=60 25 (18.8) 46 (34.6) 62 (46.6)
<23 45 (37.2) 31 (25.6) 45 (37.2)
BMI (kg/m 2) 23-25 21 (35.6) 22 (37.3) 16 (27.1) 0.0402
225 9 (20.0) 22 (48.9) 14 (31.1)
Duration of diabetes <10 60 (69.0) 27 (31.0) <0.001
(vears) >10 15 (23.8) 48 (76.2) '
History of No 72 (56.7) 31(24.4) 24 (18.9)
. <0.0012
hypertension Yes 3(3,1) 44 (44.9) 51 (52.0)
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No diabetic Diabetic
Lo Control group . .
Characteristic % retinopathy retinopathy o]
' n,% n,%
X+SD 75.16 £ 9.75 81.15+7.95 83.47 +8.59* #
Pulse (Beat/minute) <0.001°®

Median 78.00 80.00 82.00
X £SD 119.73 £ 13.35 130.80 + 20.40* 130.19 £ 22.13*

SBP (mmHg) <0.001®
Median 120.00 130.00 130.00
X+SD 75.67+7.60 76.64 +10.08 76.27 £ 9.69

DBP (mmHg) 0.912°
Median 75.00 75.00 80.00

a: Chi-square test; b: Kruskal wallis test; *: different from the control group (p < 0.05),

#: different from the diabetic group with complications (p < 0.05)

Patients with diabetes had a higher rate of
age over 60 compared to the control group (p
< 0.001). The proportion of overweight patients
(BMI = 25 kg/m?) was predominantly observed
in the diabetic cohort (80%). Additionally, a
greater proportion of patients in the diabetic
group presented with hypertension. The DR
patients demonstrated a higher prevalence

VEGF (pg/mL)
1000 p<0,001

of individuals with diabetes for over ten years
compared to the no-DR group. Systolic blood
pressure and pulse in the diabetes patients
were higher than in the control group.

After analyzing the VEGF concentration in
the serum samples of the study subjects, the
results are shown in Figure 1.

800

600 p=0,153

1

=

400

" ;
0

Control group

No DR DR

Figure 1. Serum VEGF concentration in the study

Median (Min-Max) of VEGF concentrations
in the groups were: Control group: 35.53 (6.3-
210.94) pg/mL, no DR: 52.5 (9.18-356.82) pg/
mL, DR: 133.29 (32.12-858.38) pg/mL. VEGF
concentrations in the DR group were higher

than in the other two groups (p < 0.001).

We continued to analyze VEGF
concentrations according to some clinical
characteristics of the study subjects, and the
results are shown in Table 3.
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B. Correlation between serum VEGF and HbA1C concentrations.

Figure 2. Correlation between serum VEGF concentrations
and glucose (A) and HbA1C concentrations (B).

Spearman correlation analysis between
serum VEGF and glucose concentrations in
patients with diabetes and no DR patients
revealed a negative correlation (r = -0.188; r
= -0.301; p < 0.05). Conversely, no significant
correlation was observed between serum VEGF
and HbA1C levels within the groups (p > 0.05).

IV. DISCUSSION

Research findings indicate a higher
prevalence of individuals aged over 60 among
patients with diabetes compared to the control
group, particularly evident in the DR group,

where over 80% fall within this age bracket. As
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age increases, the likelihood of chronic diseases
such as diabetes and associated complications
escalates. Research in Iran (2017) showed that
the prevalence of DR increases with age from
55 to 74 years, with a peak of 8.2% in the 70-74
age group, and the rate decreases to 3.4% in
individuals aged 75 years and older."

People with metabolic disorders like diabetes
are often at risk of high blood pressure, which
is a major risk factor for complications such
as cardiovascular disease, kidney disease,
stroke, and microvascular problems. Studies
showed that about 50% to 80% of patients
with type 2 diabetes exhibit hypertension.™ Our
study also recorded that the average systolic
blood pressure and the rate of patients with
hypertension in the diabetic group were higher
than in the control group.

Our research focuses on evaluating serum
VEGEF levels in patients with type 2 diabetes and
the relationship of this factor with DR. VEGF
assumes a significant function in angiogenesis
and the permeability of blood vessels, which is
associated with DR. VEGF governs alterations
in retinal vascular permeability, which affects the
phosphorylation of proteins.® VEGF regulates
neovascularization, activates endothelial cells,
and causes basement membrane damage. High
levels of VEGF lead to retinal neovascularization
and proliferative retinal complications. Elevated
VEGF has an effect even before signs of
angiogenesis appear, and this effect is related
to disease duration.® VEGF is a dimeric
glycoprotein with heparin-binding activity, and
its main role is to promote the proliferation of
endothelial cells and induce the formation of
new blood vessels. The blood supply to the
retina plays an important role in maintaining
and protecting the function of retinal ganglion
cells. VEGF can specifically bind to vascular
endothelial cell receptors, increasing vascular

permeability and exacerbating ischemia and
hypoxia in local retinal tissues.'? Several
studies showed that VEGF concentrations in
the vitreous and serum are significantly higher
in nonproliferative and proliferative DR cases
than in controls. Moreover, analyses highlight a
correlation between vitreous and serum VEGF
concentrations.” Thus, assessing serum VEGF
aids in gauging the onset and progression of
diabetic retinopathy.

Our study showed no difference in VEGF
concentration between the control group and
the no DR group (p = 0.381). However, serum
VEGF concentrations were notably higher in
the DR group compared to both other groups
(p < 0.001), consistent with findings from
numerous previous studies.®> Our analysis of
VEGF concentrations by age group, gender,
BMI subgroup, history of hypertension, and
duration of diabetes found no differences within
the same group. This result is similar to some
previous research.

Serum hemoglobin A1c (HbA1c) is a clinical
indicator to evaluate blood sugar control in
diabetic patients. HbA1c correlates well with
mean plasma glucose concentrations and
provides a moving average of blood glucose
levels over the preceding three months.™
HbA1c concentration has an inverse association
with the rate of developing DR. High blood
glucose levels and the formation of advanced
glycation products (AGEs) have been shown to
increase VEGF gene transcription and mRNA
production.” In our study, while a distinct
correlation between VEGF and glucose was
noted in the diabetic group, no notable difference
was observed concerning HbA1C. This may be
because our study sample size was small, with
a high proportion of patients exhibiting elevated
HbA1c levels, so the correlation with VEGF
levels was unclear.
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V. CONCLUSION

Serum VEGEF levels were increased in the
group of DR group compared to the no DR
group (p <0.001). This study found a correlation
between serum VEGF and glucose levels in
diabetic patients (r = -0.188; p < 0.05).
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