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Abstract
Background and Aims: Serum vascular endothelial growth 
factor (VEGF) and placental growth factor (PlGF) levels are 
found to be decreased in women both at the time of diagnosis 
of preeclampsia and well in advance of syndrome onset. 

The aims of this study were to compare the levels of VEGF 
and PlGF in preeclamptic and healthy pregnant women and 
evaluate the association between their levels in preeclampsia 
and the risk of severity of preeclampsia.

Materials and Methods: Blood samples were collected from 
preeclamptic and healthy pregnant women in 20+0 to 40+6 
weeks of gestational age. Serum VEGF and PlGF levels were 
determined and analyzed. Preeclamptic women were closely 
monitored—some of them developed severe preeclampsia 
and their pregnancies were terminated due to fetal and 
maternal complications. 

Results: There was a significant difference in the mean serum 
levels of VEGF and PlGF in the 2 groups (P < .05). Serum VEGF 
and PlGF levels were lower among preeclamptic women com-
pared with healthy pregnant women and still lower in women 
who developed severe preeclampsia (P < .001).

Conclusion: VEGF and PlGF levels can predict the risk of preec-
lampsia during pregnancy. Further, extensive researches on 
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VEGF and PlGF levels and other angiogenic substances (such 
as sFLT-1, PP-13, and sEng), with large sample sizes are needed.

Key Words: Angiogenic factors, gestational age, hypertension, 
proteinuria, parity, enzyme-linked immunosorbent assay
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Introduction
Preeclampsia is mainly characterized by gestational 
hypertension and proteinuria.1 The pathophysiologic 
development of preeclampsia is multifaceted,2,3 and its 
cause is yet to be determined.4,5 The disease process of 
preeclampsia is most likely to be initiated much before 
symptom onset.6 Some recent studies have analyzed the 
role of angiogenic growth factors in the pathophysiol-
ogy of preeclampsia.7-9 

Vascular endothelial growth factor (VEGF) and pla-
cental growth factor (PlGF) are 2 related protein mem-
bers of the endothelial growth factor family with potent 
angiogenic and mitogenic activities that can enhance 
the permeability of the vascular endothelium.10,11 An 
imbalance in the levels of the proangiogenic factors 
namely VEGF and PlGF, an antiangiogenic factor 
namely soluble VEGF receptor-1 (sVEGFR-1), and the 
soluble form of endoglin (sEng) is found to be associ-
ated with the onset of preeclampsia.12 Angiogenic fac-
tors regulate placental angiogenesis and spiral artery 
remodeling during pregnancy.13 

Reduced levels of free VEGF and PIGF are the clini-
cal manifestations of preeclampsia,14,15 observed even 
before its onset,16,17 which can predict or confirm preec-
lampsia diagnosis.18 Although, total VEGF is found to 
be moderately high in preeclampsia,19 it is bound by 
sFLT-1, thus resulting in low circulating levels of free or 
bioactive VEGF during active preeclampsia.20 Several 
studies report a decrease in serum VEGF level in preec-
lamptic women.21 Preeclampsia can severely damage 
several organs—VEGF helps maintain vascular health 
and endothelial integrity of organs22 by suppressing 
endothelial apoptosis and inhibiting leukocyte adhe-
sion and platelet aggregation.20 On the other hand, in 
normal pregnancies, serum PlGF level is determined by 

gestational age and maternal characteristics such as age, 
weight, race, and cigarette smoking.23,24 Both serum 
and urinary PlGF levels are found to be decreased both 
at the time of diagnosis of preeclampsia and well in 
advance of its symptom onset.25 

Aims
The aims of this study were to compare the levels of 
VEGF and PlGF in preeclamptic and healthy pregnant 
women and evaluate the association between their levels 
in preeclampsia and the risk of severity of preeclampsia.

Materials and Methods
Study design
This hospital-based, case–control study was con-
ducted in the department of obstetrics and gyne-
cology, Fatemiyeh Educational Hospital, Hamadan 
University of Medical Sciences (Iran) from March 2017 
to February 2018. 

Inclusion and exclusion criteria
A total of 104 pregnant women between 20+0 and 40+6 
weeks of gestation were enrolled for the study. Ethical 
committee approval was sought, and informed con-
sent was obtained from all study participants. The study 
population was classified into 2 groups—cases and 
controls. Women who presented or were referred with 
symptoms of preeclampsia between 20+0 and 40+6 weeks 
of gestation served as cases (52 women). Healthy preg-
nant women who visited our hospital during the study 
period were randomly selected and enrolled as controls 
(52 women).

Preeclampsia during a natural pregnancy was defined 
as gravidic hypertension, assessed as systolic BP 
> 140 mm Hg, diastolic BP > 90 mm Hg, and/or rise 
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in systolic BP > 30 mm Hg or diastolic BP > 15 mm Hg 
on at least 2 measurements 6 hours apart, and/or signif-
icant proteinuria (> 300 mg/24 h) or proteinuria of > 2+ 
(determined by the dipstick method) after 20 weeks of 
gestation. 

Patients with chronic hypertension, heart disease, dia-
betes mellitus, multiple pregnancies, and liver and kid-
ney diseases were excluded. 

Study procedure
Detailed medical history of all the women, including 
chief complaints; the onset, duration, and progress of 
symptoms; and obstetric history was elicited. Five mil-
liliters of venous blood samples were collected from all 
the women. The blood samples were allowed to clot and 
then centrifuged at 3000 rpm for 5 minutes to obtain 
the serum. About 1 to 1.5 mL aliquots of serum were 
stored in separate vials at − 24°C. Serum VEGF and 
PlGF levels were estimated by double antibody sand-
wich enzyme-linked immunosorbent assay method 
using Novex human VEGF and PlGF ELISA kit (R&D 
Systems Inc, MN, USA). Intra- and interassay coeffi-
cients of variation were < 10% for the tested kits. 

Of the 52 preeclamptic women, 29 developed severe 
preeclampsia. Their pregnancies were terminated before 
34 weeks of gestation due to maternal and fetal compli-
cations. These 29 women were further classified as the 
severe group and the remaining 23 women as the non-
severe group.

Statistical analyses
All statistical analyses were performed employing IBM 
SPSS version 20 (IBM Corp, Armonk, NY, USA). 
Values were represented as mean ± SD where appropri-
ate. Data from both the groups were compared using 
Student t test. The Χ2 test was used to compare cate-
gorical variables. Multivariable logistic regression analy-
sis was used to identify the risk factors of preeclampsia. 
P values < .05 were considered statistically significant.

Results
The characteristics of the study participants are shown 
in Table 1. Preeclamptic women were found to have 

Table 1. Characteristics of Study Participants

Characteristic Healthy Pregnant 
Women (n = 52), 

Mean ± SD

Preeclamptic 
Women (n = 52), 

Mean ± SD

P Value

Maternal Age, y 28.65 ± 5.133 30.61 ± 5.04 .06
Systolic BP, mm Hg 101.44 ± 14.63 163.65 ± 20.34 .001
Diastolic BP, mm Hg 62.98 ± 9.40 108.94 ± 10.72 .001
Body Weight, kg 75.32 ± 9.13 79.32 ± 11.17 .03
Parity 1.73 ± 0.81 2.00 ± 0.92 .01
Gestational Age, wk 35.00 ± 3.98 32.53 ± 4.01 .002
VEGF, pg/mL 45.94 ± 12.77 15.50 ± 8.87 .001
PlGF, pg/mL 118.07 ± 31.21 35.05 ± 22.63 .001

PlGF, placental growth factor; VEGF, vascular endothelial growth factor.

Table 2. Mean Serum Levels of VEGF and PlGF in Both 
Groups

Group VEGF, ng/mL, 
Mean ± SD

PlGF, ng/mL, 
Mean ± SD

P Value

Healthy Pregnant 
Women (n = 52) 45.94 ± 12.77 118.07 ± 31.21

.001
Preeclamptic 
Women (n = 52) 15.50 ± 8.87 35.05 ± 22.63

PlGF, placental growth factor; VEGF, vascular endothelial growth factor.

significantly higher systolic BP and diastolic BP com-
pared with healthy pregnant women (all P < .001). 
There were no statistically significant differences in the 
age distribution, mean weight, and parity (all P > .001) 
between the 2 groups. 

Statistically significant differences were observed in the 
mean serum levels of VEGF and PlGF in preeclamptic 
women and healthy pregnant women (P < .05) (Table 2; 
Figures 1 and 2). 

Of the 52 preeclamptic women, pregnancies had to be 
terminated in 29 cases before 34 weeks of gestation due 
to severe preeclampsia and maternal and fetal compli-
cations. Table 3 shows the mean serum levels of VEGF 
and PlGF in preeclamptic women. The preeclamp-
tic group was further divided into severe and nonse-
vere groups regardless of the gestational age. The mean 
serum VEGF and PlGF levels in the severely preec-
lamptic group were lower than in the nonsevere group 
(P < .05) (Table 4). 
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To eliminate the influence of gestational age on mater-
nal serum VEGF and PlGF levels for further evaluation 
we transformed the VEGF and PlGF levels to multiples 
of the appropriate gestational median. 

Discussion
Preeclampsia complicates approximately 7% of all preg-
nancies and remains a major cause of maternal and pre-
natal morbidity and mortality.26 Early identification of 
an at-risk group of pregnant women is essential to pre-
vent and reduce morbidity and mortality.27 

The reduction in free VEGF level during mid gestation 
detected in our study is in apparent disagreement with 
previous studies, which linked the angiogenic imbal-
ance in preeclamptic women to increased serum VEGF 
level.28,29 However, the reduced VEGF level seen in our 
study is in accordance with other studies,11 including a 
recent meta-analysis,30 which reported decreased sys-
temic VEGF levels in preeclamptic women. 

A recent investigation supports the finding that placen-
tal expression and serum level of sFLT-1 are increased 
in preeclamptic women and PlGF is decreased during 
active disease compared with normal pregnancies.31 In 
another study, PlGF is demonstrated to be diminished in 
preeclamptic serum.32 which is attributed to its binding 
with elevated levels of circulating sFLT-18 rather than its 
decreased production by the preeclamptic placenta.33,34 
The reduction in PIGF levels in preeclampsia may be 
explained by placental ischemia.35 

Certain disagreement between our results and that 
reported in other studies could be due to patient factors 
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Table 3. Mean VEGF and PlGF Levels in Severely 
Preeclamptic Women 

Preeclamptic 
Group 

VEGF Level,  
pg/mL, Mean ± SD

PlGF Level,  
pg/mL, Mean ± SD

P Value

Pregnancy 
Terminated After 
34 wk (n = 23)

26.34 ± 16.26 50.56 ± 26.26

.001
Pregnancy 
Terminated Before 
34 wk (n = 29) 

9.87 ± 4.12 22.75 ± 6.12

PlGF, placental growth factor; VEGF, vascular endothelial growth factor.

Table 4. Comparison of Mean VEGF and PlGF Levels 
in Severe and Nonsevere Preeclampsia Groups

Group VEGF Level,  
pg/mL, Mean ± SD

PlGF Level,  
pg/mL, Mean ± SD

P Value

Nonsevere 
Preeclampsia 
(n = 16)

19.63 ± 17.29 46.56 ± 27.29

.001
Severe 
Preeclampsia 
(n = 36)

11.47 ± 6.44 29.94 ± 18.44

PlGF, placental growth factor; VEGF, vascular endothelial growth factor.

Figure 1. Mean VEGF Levels in Preeclamptic and 
Healthy Pregnant Women
VEGF, vascular endothelial growth factor.
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Figure 2. Mean PlGF Levels in Preeclamptic and 
Healthy Pregnant Women
PlGF, placental growth factor.
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such as race and definition of controls (nonpreeclamptic 
women) and technical factors such as serum collection 
and storage and sensitivity and specificity of the test 
kits used.36,37 

Our study shows that serum VEGF and PlGF levels 
were significantly lower in preeclamptic women com-
pared with healthy pregnant women and also lower in 
the severe form of preeclampsia than in the nonsevere 
form. In summary, these findings support the hypoth-
esis that circulating angiogenic factors such as VEGF 
and PlGF levels are decreased in preeclampsia. Lower 
serum VEGF and PlGF levels can predict the severity of 
preeclampsia. In our study, the risk of developing preec-
lampsia increased 1.4 times for maternal serum VEGF 
level decrement of 1 pg/mL and 1.6 times for maternal 
serum PlGF level decrement of 1 pg/mL.

Conclusion
Based on the findings and the diagnostic accuracy 
(P < .05) of our study VEGF and PlGF levels can serve 
as predictive factors of preeclampsia during pregnancy. 
Extensive researches with larger sample sizes regarding 
these indicators and other angiogenic substances such 
as sFLT-1, PP-13, and sEng are recommended. 
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