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Abstract 

Background: Vascular endothelial growth factor (VEGF) is crucial for the implantation of  a fertilized egg and for the development 
of  placental blood vessels. This study was conducted to detect the serum VEGF level of  pregnant with different types of  assisted 
reproductive techniques in relation to the age group, body mass index (BMI), and type of  infertility. Objectives: The aim of  this 
study was to determine the levels of  serum VEGF in different types of  assisted pregnancy. Materials and Methods: Enzyme-
linked immunosorbent assay was used for the detection of  VEGF levels in the serum of  pregnant women in the first trimester of 
pregnancy with a spontaneous pregnancy (SP), pregnant women by intrauterine insemination (IUI) or in vitro fertilization-embryo 
transfer (IVF), in comparison with nonpregnant women (NP). Results: A highly significant increase was seen in the serum VEGF 
within the different studied pregnant groups compared to that of  NP and no difference between IUI and IVF (P < 0.01). Statistical 
analysis showed a nonsignificant relation between the VEGF serum levels and the increase in age or BMI (P > 0.05). No significant 
differences were seen in VEGF serum levels between pregnant women with primary or secondary types of  infertility (P > 0.05). 
Conclusion: Statistical analysis showed a significant increase in the serum of  VEGF in IUI and IVF comparison to SP groups, 
whereas there is no difference between IUI and IVF. Age, BMI, and type of  infertility showed no significant effect on serum VEGF 
levels. 
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IntroductIon
The family of  VEGF is a growth protein involving 
the VEGF-A to VEGF-F, endocrine gland-derived 
VEGF, and placental GF.[1] One of  the most effective 
and particular angiogenic cytokines is VEGF. It is a 
23–45 kDa glycoprotein that binds heparin.[2] Vascular 
endothelial growth factor (VEGF) is a necessary 
component of  angiogenesis and is crucial for the 
growth of  the placenta,[3] development of  blood and 
lymphatic vessels,[4] cell proliferation and differentiation 
regulation, endothelial cells survival, and permeability 
of  vasculature.[5] It activates and binds to the VEGF 
receptor (VEGFR), mediated by tyrosine kinase and 
then it influences the different physiological changes.[6,7] 
In postnatal development, several researches showed 
the important role of  VEGF in organ development 
and body growth[8,9] and activation of  monocytes and 

macrophages.[10] In tumors, it can assist in its growth 
and metastasis.[11] Early in the first trimester of  healthy 
pregnancies, maternal serum VEGF levels were found to 
rise. The corpus luteum, endometrium, and placenta were 
known as a source of  VEGF.[12] It also controls the growth 
and differentiation of  cytotrophoblasts through VEGF 
receptors which are found on cytoplasmic membranes 
of  trophoblasts, so it orientates the implantation and 
is considered one of  the fundamental roles in placental 
and early embryonic development.[13] The normal 
level of  serum VEGF can help in homeostasis and 
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then maintenance of  a healthy pregnancy. In case 
of  disturbances in VEGF concentration, pregnancy 
complications may occur.[14] Intrauterine insemination 
(IUI), in vitro fertilization (IVF), intracytoplasmic sperm 
injection (ICSI), and frozen embryo transfer (FET) are 
several forms of  assisted reproductive methods. The IUI 
and the IVF are the most commonly used.[15] Since VEGF 
has an important role in the fertilized ovum implantation 
process and in the vascular formation during the process 
of  placental development in the pregnancy period, the 
aim of the this subject was to clarify the serum level of 
VEGF in women with SP, and in women that pregnant by 
artificial fertility treatments (IUI or IVF) with primary or 
secondary types of  infertilities, in comparison with NP of 
different age groups and body mass indices.

Due to the needs of the developing fetus, a time of 
higher metabolic demands and a change in the woman’s 
physiology occurs during pregnancy. At this point, 
inadequate intake of micronutrients or inadequate stores 
can have adverse effects on the mother and the fetus.[16]

MaterIals and Methods

Samples collection
This prospective study was carried out in Taiba Center for 
Infertility Treatment, IVF, and ICSI Babylon/Iraq from 
November 2022 to February 2023. This study was approved 
by the University of Babylon/College of Medicine Ethical 
Committee. Informed consent was obtained from all 
pregnant and non-pregnant participants before the data 
collection. From 486 pregnant women, only 150 randomly 
selected healthy pregnant women with uncomplicated 
pregnancy and within the inclusion, criteria were selected. 
Fifty women were with SP, 50 had undergone IUI, and 50 
women had undergone IVF. They had singleton pregnancy 
with alive baby in the first trimester of pregnancy.

The control (non-pregnant) group consists of 50 
apparently healthy women with a negative pregnancy test. 
They were randomly selected, not taking any form of oral 
contraceptive pill, had regular menstrual cycles, and had 
access to service at the same centers at the same period. In 
this study, any women with chronic diseases, gestational 
diabetes mellitus, heart failure, and renal diseases were 
excluded.

Serum assay
Venous blood was aspirated using disposable syringes, 
left for[10-20] minutes at room temperature for clotting, 
and after that centrifuged at 3000 RPM at 4°C for 
20 min. The supernatant was collected carefully in 
labeled Eppendorf  tubes and then frozen at –20 C0 until 
the time of  its use. The assay for the human VEGF was 
done using an enzyme-linked immune sorbent assay 
(ElISA) kit (Biont, Shanghai/ China, Catalog No: 
YlA1208HU). The Biotin double antibody sandwich 

technology was used. Kit sensitivity was 10.42ng/l. The 
samples were tested in a duplicate manner according to 
the manufacturer’s instructions. The inter- and intra-
assay coefficients of  variation were <6% and <5.5%, 
respectively.

The parameters like patients’ age, body mass index (BMI), 
and type of infertility[17] were all analyzed. From the first 
day of the last menstrual cycle, the gestational age was 
calculated. According to the formula weight/height2, the 
BMI was calculated.[18]

Statistical analysis
By using SPSS statistical software version 23, analysis 
was carried out. Descriptive statistics were drawn 
for all studied parameters. Assessment of  normality 
was performed using the Kolmogorov–Smirnov test. 
Data were described as percentages and mean with 
standard deviation (SD). level of  significance between 
pregnant and nonpregnant women was analyzed using 
an independent t test and Mann–Whitney U test for 
parametric and non-parametric variables, respectively. 
The one-way analysis of  variance (ANOVA) was used 
to examine the age and BMI. A value of  P = 0.05 was 
considered statistically significant.

Ethical approval
According to the declaration of Helsinki, the ethical 
principles of this study were conducted. The study 
design and the subject information and agreement form 
were reviewed and approved by a local ethics committee 
according to document number 11-1 on 27 Apr 2023.

results

Sample distribution
A total of 150 pregnant women in the first trimester of 
pregnancy with a mean age of 28.90 ± 5.97 years, and 
50 aged matched (P = 0.069) apparently healthy non-
pregnant women with a mean age of 27.26 ± 6.84 years 
were participated in the study. The highest number of 
pregnant and non-pregnant participants were seen within 
the age group,[21-28] as shown in Table 1.

Regarding the BMI, the highest percentage of NP, SP, and 
IUI were seen as weight, and the highest percentage of 
women with IVF were seen as obese. In all the studied 
groups, no one seen as underweight [Table 2].

The highest percentage of women with primary infertility 
have undergone IVF, whereas highest percentage of 
women with secondary infertility were undergone IUI, as 
shown in Table 3.

Statistical analysis also showed non- significant differences 
between the pregnant groups of Age.

Statistical analysis also showed non- significant differences 
between the pregnant groups of body mass index.
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Serological analysis results
In comparison with the NP group, statistical analysis 
showed a highly significant increase in serum VEGF 
in the SP, IUI, and IVF pregnant groups (P < 0.01). A 
significant increase was also seen in the serum of the IUI 
and IVF groups (P < 0.05) in comparison with the SP 

group. A nonsignificant difference was seen between the 
IUI and IVF groups (P > 0.05), as shown in Table 4.

This study showed that the serum VEGF level showed a 
non-significant relation with the increase in the maternal 
age (P > 0.05) or increase in the BMI (P >0.05), as shown 
in Table 5.

In women with IUI, the serum levels of VEGF in primary 
and secondary types of infertility were 410.720 ± 22.760 
and 422.146 ± 25.788 ng/l, respectively. Statistical analysis 
showed a non-significant difference present between them 
(P = 0.644), as shown in Table 6.

In women with IVF, the serum levels of VEGF in 
primary and secondary types of infertility were 421.677 
± 23.786 ng/l and 423.884 ± 20.782 ng/l, respectively. 
Statistical analysis showed a nonsignificant difference 
present between them (P = 0.765).

dIscussIon
A total of 150 pregnant women in the first trimester of 
pregnancy and 50 aged matched apparently healthy NP 
women were considered for the study. Statistical analysis 
showed a highly significant increase in VEGF serum level 
in the different studied pregnant groups in comparison 
with the NP group (P < 0.001).

Previous studies by Ren et al.,[19] and Tandon et al.[20] found 
a highly significant increase in the total immunoreactive 
VEGF in pregnant compared to NP. Evans et al.[29] else that 
the VEGF serum levels are increased significantly during 
the first trimester of SP. Fasouliotis et al.[30] found that 
women who underwent IVF therapy showed high serum 
VEGF. But Rahmatullah et al.[31] found a significantly 

Table 1: Distribution of pregnant women according to the age groups

Age (Years) (SP) (No.50) (IUI) (No.50) (IVF) (No.50) P Value 
Mean ± SD 28.18 ± 6.30 30.0 ± 5.80 30.08 ± 5.59 0.222

Age groups (years) Pregnant (No.& %) Total pregnant (No.& %)

18–25 15(30%) 12(24%) 12(24%) 39 (26.0%)

26–33 21(42%) 21(42%) 22(44%) 64(42.7%)

Above 34 14(28%) 17(34%) 16(32%) 47(31.3%)

Total (No.& %) 50(100%) 50(100%) 50(100%) 150(100%)
*Significant at P < 0.05

Table 2: Distribution of pregnant women according to the body mass index (BMI)

BMI kg/m2 (SP) (No.50) (IUI) (No.50) (IVF) (No.50) P Value  
Mean ± SD 28.03 ± 4.14 26.96 ± 3.80 29.014 ± 5.39 0.079

BMI/ kg/m2 Groups Pregnant (No.& %) Total pregnant (No.& %)

Underweight (≤ 19.9) 0(0%) 0(0%) 0(0%) 0 (0%)

Normal weight (20–24.9) 14(28%) 18(36%) 13(26%) 45(30%)

Overweight (25–29.9) 24(48%) 20(40%) 17(34%) 61(40.7%)

Obese (30 or more) 12(24%) 12(24%) 20(40%) 44(29.3%)

Total (No.& %) 50(100%) 50(100%) 50(100%) 150(100%)
*Significant at P < 0.05

Table 3: Distribution of pregnant women according to the 
types of infertility

Types of infertility IUI (No.& %) IVF (No.& %) 
Primary infertility 24(48%) 29(58%)

Secondary infertility 26(52%) 21(42%)

Total (No.& %) 50(100%) 50(100%)

Table 4: Relation of serum levels of VEGF between the 
different groups

Group VEGF Mean ± SD (ng/L) P Value  
NP 347.410 ± 44.993 0.00001
SP 405.284 ± 59.611

NP 347.410 ± 44.993 0.00001

IUI 434.021 ± 57.790

NP 347.410 ± 44.993 0.00001

IVF 444.670 ± 54.494

SP 405.284 ± 59.611 0.0166

IUI 434.021 ± 57.790

SP 405.284 ± 59.611 0.0001

IVF 444.670 ± 54.494

IUI 434.021 ± 57.790 0.3503

IVF 444.670 ± 54.494
P > 0.05: Non-significant; * P < 0.05 significant; **P < 0.01: Highly 
Significant
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higher VEGF level in infertile women undergoing ICSI 
protocol, compared to NP.

In early pregnancy, maintenance of a good blood 
circulation was important for placental growth, in 
addition, for the fetal growth process, the blood and the 
oxygen supply are required.[32]

In contrast, Baker et al.[33] study revealed an undetectable 
elevation in serum levels of VEGF in normal pregnant 
but in late pregnancy in comparison with NP females. 
However, lyall et al.[21] study noted a decreased serum 
VEGF level in pregnant compared to the control NP 
group. These differences in the results may be because 
the different gestational ages and different methodologies 
used for the serological analysis.

In this study, a significant increase was also seen in 
the serum of the IUI and IVF groups (P < 0.001) in 
comparison with the SP group. This may be due to the 
drugs, which are used for ovarian hyperstimulation.[22,23]

This study showed that the serum VEGF levels was 
not correlated significantly to maternal age. This result 
disagrees with that of Atalay et al.[24] study, they found 
that the serum VEGF levels correlate significantly to 
maternal age, and the increase in the maternal age is 
related to elevated serum VEGF levels.

This study showed that the serum VEGF level was not 
correlated significantly with the BMI. This result disagree 
with that of Estemberg et al.[25] and Zelinka-Khobzey et 
al.,[26] in which they found that the obesity in pregnant 
is connected significantly with a decreased VEGF 
synthesis. The maternal obesity might trigger endothelial 
inflammation and dysfunction.[27] In contrast, another 
study has documented that the maternal obesity was not 
related to a reduction in VEGF.[28] These variations in the 
results could be the result of various gestational ages.

In pregnant women with IUI or IVF, the serological 
analysis of VEGF in the primary or the secondary types 
of infertility showed a non-significant difference between 
them. Significantly a higher level of VEGF has been 
noted by Hafnerin et al.[34] study of women with primary 
infertility compared with that of secondary type (P = 
0.011) on IVF outcome.

conclusIon
In the first trimester of pregnancy, this study found a 
significantly higher serum level of VEGF in the different 
studied pregnant groups compared to that of NP. 
There is no significant difference between IUI and IVF 
groups. The increased maternal age or BMI is not related 
significantly to the serum VEGF concentration. There is 
no appreciable distinction in VEGF serum levels between 
pregnant women with primary or secondary types of 
infertility with IUI or IVF fertilization.
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