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Preeclampsia is characterized by abnormal vascular response to placentation that is associated with
increased systemic vascular resistance, enhanced platelet aggregation, activation of the coagulation
system, and endothelial cell dysfunction.
To investigate the serum level of anti angiogenic factor soluble fms-like tyrosine kinase-1 (sFlt-1) in
the third trimester of preeclamptic pregnants in relation to the Doppler ultrasonography indices.
One hundred and five pregnant women at the Pediatric and Maternity Teaching Hospital in Hilla
City were studied. All of them were in their third trimester and with singleton pregnancy. All
participants were reexamined one month following delivery.
The body mass index, spot urine protein to creatinine ratios and mean pulsatility index, resistance
index), systolic and diastolic blood pressures were increased in preeclamptic groups. Post-delivery
systolic and diastolic blood pressures increased in the control pregnant group and significant
reduction in the both preeclamptic groups compared with the systolic and diastolic blood pressures
at third trimester of pregnancy. sFlt-1 levels were increased in severe than mild preeclampsia and
control groups. In post-delivery period, the sflt-1 decreases in the control pregnant, mild and
severe preeclamptic groups in comparison to the third trimester. In preeclampsia, the sflt-1 is
positively correlated with blood pressure, protein: creatinine ratio, body mass index, resistance
index, pulstality index, total serum protein, and negatively correlated with neonatal weight and
gestational age at delivery.
The changes in anti angiogenic factors sFlt-1 during pregnancy and in post-delivery period stress its
role in the pathogenesis of preeclampsia and could be used to predict the disease progression and
impact on the outcome of pregnancy.
Preeclampsia, sFlt-1, Doppler indices.

List of abbreviation: PE = preeclampsia, BMI = body mass
index, P/C ratios = spot urine protein to creatinine ratios, PI = pulsatility
index, RI = resistance index, sBP = systolic blood pressure, dBP =
diastolic blood pressure, TP = total serum protein, sFlt-1 = soluble fms
like tyrosin kinase-1, VEGF = vascular endothelial growth factor, ALT =
alanine aminotransferase, AST = aspartate aminotransferase, ELISA =
enzyme linked immunosorbent assay, ROC = receiver operating
characteristic, PlGF = placental growth factor.

Introduction
reeclampsia (PE) is a pregnancy
associated multisystem disorder that
complicates 2%-10 % of pregnancies of

P

western world. It is accompanied with a
neonatal and perinatal mortality rate of 10 %
worldwide (1). The clinical features of
preeclampsia are proteinuria and hypertension
that occur after 20 weeks of gestation in
women who were not previously diagnosed to
be hypertensive. Other signs and symptoms of
PE are edema and headache (2). PE can be
divided into mild and severe forms, according
to the amount of proteinuria, the severity of
15
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the hypertension, and the degree of effect on
other organ systems (3). The etiology of PE is
unknown and, actually the entity is remarkably
poorly understood. Delivery of the placenta
usually halts the disease progression but it
does not reverse all of the associated
pathophysiological changes of preeclampsia (4).
Soluble fms (feline sarcoma virus)-like tyrosine
kinase-1 (sFlt-1) is an anti-angiogenic protein. It
a shortened splice variant of the vascular
endothelial growth factor (VEGF) receptor-1
that signals angiogenesis .The sFlt-1 captures
vascular endothelial growth factor thus
preventing its interaction with ligands and
down regulating the biological effects of VEGF
(5)
. SFlt-1 is upregulated in PE, leading to
increased circulating levels. The increased sFlt1 levels are associated with decreased
circulating levels of VEGF and placental growth
factor (PlGF), resulting in endothelial
dysfunction. Infusing sFlt-1 to pregnant rats
provides a convincing animal model of PE (6).
The lowered oxygen tension in primary
cytotrophoblast culture and villous explants
was found to increase the sFlt-1 expression
suggesting the role of hypoxia in stimulating
sFlt-1 gene expression (7, 8).
It has been reported that uteroplacental
ischemia, results in a PE-like phenotype
accompanied by elevated circulating sFlt-1 (9).
Placental ischemia/ hypoxia may alone be
sufficient to induce PE through sFlt-1 upregulation. When the trophoblastic invasion is
defective, an enhanced placental vascular
resistance is likely to occur as evidenced in
abnormal Doppler ultrasound spectrum of the
uterine vessels, indicating that the women are
at risk for serious pregnancy disorders like PE
(10)
. So, this study was conducted to test the
relationship of the antiangiogenic factor sFlt-1
and the Doppler ultrasound finding and to
monitor their impact on the neonatal health
and the post-delivery hemodynamics.
Methods
This research was conducted on 105 pregnant
women at their third trimester of pregnancy
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over a period of fourteen months from May
2014 till Aug. 2015 at the Pediatric and
Maternity Teaching Hospital in Hilla city. The
practical part was conducted at Research
Laboratories in the Department of Chemistry
and Biochemistry, College of Medicine, AlNahrain University, and at the Department of
Radiology and at laboratories of Pediatric and
Maternity Hospital in Hilla city.
Out of total 105 pregnant, 70 women suffer
from PE with a maternal age of 19-41 year and
the other 35 were normotensive pregnant
(Maternal age range = 18-36 year) who were
served as control. All of studied women were
carrying single fetus and at their third trimester
of pregnancy. The PE group was further
subdivided according to the severity of the
disease into mild (n=35) and severe PE (n=35)
according to the standard criteria (3).
The study was approved by the Institute
Review Board of the College of Medicine, AlNahrain University and a written consent was
provided from each participant to be enrolled
in this study. All pregnant women were
subjected to clinical examination, blood
pressure (BP) measurement, and routine antenatal ultrasonography. Doppler
ultrasonography has been used for each pregnant to
determine the pulsatility index (PI) and
resistance index (RI).
Five milliliters of venous blood samples were
withdrawn for the spectrophotometric
determination of serum creatinine, total serum
protein (TP), alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and glucose,
and the serum sflt-1 concentration by Enzyme
linked immunosorbent assay (ELISA). Spot
urine samples were used immediately for the
measurement of creatinine, and protein.
Statistical Analyses:
Group comparisons and data correlation were
carried out using mean, standard error of
mean, analysis of variance and Pearson
correlation. Paired t-test was used to compare
the pre delivery and post-delivery levels of
aforementioned parameters and a P value of
less than 0.05 was considered to be statistically
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significant.
The
receiver
operating
characteristic (ROC) curve was used to
demonstrate the cut-off values, sensitivity,
specificity and area under the curve of the
studied research variables (11).
Results
The results of maternal age, gestational age at
delivery, BMI, neonatal weight, spot urinary
protein / creatinine ratio (P/C) and Doppler
findings (PI and RI) for both control pregnant
group and patients groups (mild and severe
preeclampsia) at third trimester are listed in
table 1. There were very high significant
decreases (p ˂ 0.001) in mean gestational age

at delivery and of neonatal weight in mild and
severe preeclampsia group when compared
with those of the control pregnant group.
There were high significant increase in means
of body mass index (BMI), spot urine protein,
to creatinine ratios and mean RI in severe PE (p
˂ 0.01) and in mild PE (p < 0.01) in comparison
to their respective values of the control group.
The elevation in the PI indices in mild PE was
less significant as compared to control group (p
< 0.05). The means of all of aforementioned
parameters were significantly higher in
pregnant women with severe PE as compared
with pregnant with mild form of PE.

Table 1. Illustrates the demographic and biochemical data the preeclamptic patients and
controls at third trimester of pregnancy
Parameter

Control group

Number
maternal age (year)

35
25.6 ±0.84

gestational age at delivery (weeks)

38.00 ±0.2

2

BMI (Kg/m )
neonatal weight (Kg)
urinary spot protein /creatinine
ratio
pulsatility index
resistance index

27.92±0.55
2.66 ±0.05
0.1 ±0.003
0.71 ±0.02
0.56± 0.01

preeclampsia
Mild
35
27.43 ±0.99
36.92±0.26a▼***

Severe
35
26.8 ±0.84
36.17±0.19 a▼***

31.23±0.5 a▲**
2.45±0.05 a▼**
1.04±0.05 a▲***

34.3±0.86 a▲***, ▲b**
2.34±0.4 a▼***
3.55±0.23 a▲***,b▲***

0.84±0.153 a▲*
0.65±0.01a▲**

1.02±0.06 a▲*** , b▲**
0.72±0.02 a▲*** , b▲*

a = ANOVA test between mild, severe preeclampsia group versus control pregnant group: ▼***= very high significant
decrease (p ˂ 0.001); ▲**= high significant increase (p ˂ 0.01); ▲***=very high significant increase (p ˂ 0.001); ▼**= high
significant decrease (p ˂ 0.01). b = ANOVA test between mild and severe preeclampsia groups: ▲**= high significant
increase (p ˂ 0.01); ▲***=very high significant increase (p ˂ 0.001).

The results of systolic blood pressure (sBP),
diastolic blood pressure (dBP), total serum
protein (TP) and sflt-1 for both control
pregnant group and patients groups (mild and
severe preeclampsia) at third trimester and
one month following delivery are listed in table
2.
There were very high significant increases (p ˂
0.001) in mean of sBP and dBP in both mild and
severe preeclamptic groups when compared
with control pregnant group at third trimester.

Comparison of the results of the blood
pressure before and after delivery using paired
t-test showed very high significant increases (p
˂ 0.001) in the mean of sBP and dBP in the
control pregnant group after one month
following delivery compared with the sBP and
dBP mean value of the same group at third
trimester of pregnancy. On the contrary, the
mean values of sBP and dBP were significantly
lowered in both mild and severe preeclamptic
groups after one month following delivery
17
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compared with the sBP and dBP mean value of
the same groups at third trimester of
pregnancy (p ˂ 0.001). The mean post-delivery

sBP and dBP levels were continued to be
significantly higher in severe PE above those
with mild PE (p < 0.01).

Table 2. Illustrates the differences in systolic and diastolic blood pressure, total serum protein
and soluble fms like tyrosin kinase-1 between preeclamptic patients and controls at third
trimester of pregnancy and one month following delivery

Parameter
sBP
(mmHg/hr)
dBP
(mmHg/hr)
(TSP) (g/dl)
Sflt-1
(ng/ml)

Before delivery
After delivery
Before delivery
After delivery
Before delivery
After delivery
Before delivery
After delivery

Control
No = 35
10.92±0.1
11.31±0.11c▲***
7.3±0.11
7.51±0.09 ▲***
6.02±0.11
6.72±0.09 c▲***
2.15±0.11
1.96±0.1 c▼***

Preeclampsia
Mild
Severe
No = 35
No = 35
13.52±0.18a▲***
14.78±0.23a▲***,b▲***
c▼***
11.48±0.12
12.07±0.19a▲***,b▲**c▼***
9.4 ±0.15 a▲***
10.45±0.22 a▲***, b▲***
7.64 ±0.13 c▼***
8.15±0.14a▲***,b▲**c▼***
5.61 ±.09 a▼**
5.23±0.08 a▼***,b ▼**
a▼*c▲***
6.43±0.07
6.19 ±0.07a▼***,b▼*c▲***
2.78±0.14a▲**
3.55±0.15 a▲*** ,b▲***
2.15±0.1 c▼***
2.50±0.1a▲***,b▲*,c▼***

a = ANOVA test between mild, severe preeclampsia group versus control pregnant group: ▼***= very high significant
decrease (p ˂ 0.001); ▲**= high significant increase (p ˂ 0.01); ▲***= very high significant increase (p ˂ 0.001); ▼**= high
significant decrease (p ˂ 0.01). b = ANOVA test between mild and severe preeclampsia groups: ▲**= high significant
increase (p ˂ 0.01); ▲***= very high significant increase (p ˂ 0.001). c = paired t-test for control, mild, severe, mean
concentration at third trimester versus one month following delivery mean values: ▲***= very high significant increase
(p ˂ 0.001); ▼***= very high significant decrease (p ˂ 0.001)

There were high significant decreases in the
third trimester mean TSP concentration in mild
(p ˂ 0.01) and severe preeclamptic (p ˂ 0.001)
groups when compared with control pregnant
group in the third trimester, with significant
decreases (p ˂ 0.01) in severe preeclamptic
group when compared with mild PE. The postdelivery mean TSP levels showed significant
elevation (p ˂ 0.001) in control, mild and
severe PE groups compared with their
concentration at late pregnancy.
There was significant increase (p ˂ 0.01) in
mean serum sflt-1 in mild preeclamptic group
and very high significant increase (p ˂ 0.001) in
severe preeclamptic group in comparison with
those of the control pregnant group at third
trimester. In severe PE, the sflt-1 levels were
significantly above those in mild PE group (p ˂
0.05). There were very high significant
decreases (p ˂ 0.001) in means of serum sflt-1
levels in the control pregnant, mild and severe
preeclamptic groups after one month following
18

delivery compared with the respective groups
mean values at third trimester of pregnancy.
Receiver operating characteristic curve (ROC)
analyses of serum sflt-1 revealed the ability of
this marker to differentiate preeclamptic from
normal pregnancies (Fig. 1). In this figure the
cut-off value of sflt-1 was 2.74ng / ml with
sensitivity and specificity of 67%, and 69%,
respectively.
In severe PE, the sflt-1 values showed very high
positive significant correlation (p ˂ 0.001) with
systolic BP (r = 0.69, Fig. 3), diastolic BP (r =
0.68, Fig. 3), P/C ratio (r = 0.82, Fig. 4), BMI (r =
0.8, Fig. 4), PI (r = 0.6, Fig. 2), statistically less
but significant positive correlation (p ˂ 0.01)
with total serum protein (r = 0.56) and RI (r =
0.36, Fig.2).
On the other hand, in mild PE the sFlt-1
concentration exhibited very high significant
positive correlation (p ˂ 0.001) with systolic BP
(r = 0.62, Fig. 6), P/C ratio (r = 0.68, Fig. 7), BMI,
and RI (r = 0.65, r = 0.64, respectively; Fig. 5),
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and positive correlation (p ˂ 0.01) with total
serum protein and dBP (r = 0.55, r = 0.47, in an
order; Fig. 6) and less strong positive
correlation (p ˂ 0.05) with PI (r = 0.39, Fig. 5),
significant negative correlation with gestational
age at delivery and neonatal weight (r = -0.48, r
=- 0.4, respectively; Fig. 8).

Fig. 1. Receiver operating characteristic curve showing
sensitivity and specificity for prediction of preeclampsia
by serum soluble fms like tyrosine kinase-1 levels.

Fig. 2. The correlation of serum levels of soluble fms
like tyrosine kinase-1 (ng/ml) with pulsatility index and
resistance index in the severe preeclampsia group.

Discussion
In this study, the significant decrease in the
means of gestational age at delivery in mild
and severe PE were in line of those reported by
Aggarwal et al (2011), Stepan et al (2013),
Akihide et al (2014), Hanita et al (2014) and

Sophia et al (2014) who stated that gestational
age at delivery was significantly lower in the
group of PE women compared to control
normotensive group. The decrease in
gestational age at delivery occur due to the
clinician`s decision to start delivery based on
fetal condition, presence of signs of labor,
cervical Bishop score, and fetal gestational age
(18)
.

Fig. 3. The correlation of serum levels of soluble fms
like tyrosine kinase-1 (ng/ml) with systolic and diastolic
blood pressure (mmHg/hr.) in the severe preeclampsia
group.

The significant elevation reported herein of
maternal BMI in PE groups were comparable to
those of Bibi et al (2011); Bian et al (2015) and
disagreed with Bahia et al (2014) findings who
stated that the means of body mass indices
were not significantly different between the PE
and normal groups.
Sharami et al (2012) concluded that women
with PE had higher BMI than controls. A
secondary analysis was performed by
Athukorala and colleagues, (2010) on data
collected from nulliparous women with a
singleton pregnancy. Women were categorized
into three groups according to their BMI:
normal; overweight and; obese. Obstetric and
perinatal outcomes were compared by
univariate and multivariate analyses. They
suggested that the rate of overweight and
obesity is increasing amongst the obstetric
population. Women who are overweight and
obese have an increased risk of adverse
19
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pregnancy outcomes. In particular, obese
women are at increased risk of gestational
diabetes, pregnancy induced hypertension and
preeclampsia.

effect on birth weight may depend on the
relative proportions of full-term and preterm
deliveries among patients with preeclampsia
(17)
.
In this study there were very high significant
increases in mean of sBP and dBP in both mild
and severe PE groups when compared with
control pregnant group at the third trimester
and with increase in the disease severity. These
findings were in agreement with those of
Stefan et al (2010); Bibi et al (2011); Aggarwal
et al (2011); Stepan et al (2013); Magna and
Sitikantha, (2013).

Fig. 4. The correlation of serum levels of soluble fms
like tyrosine kinase-1 (ng/ml) with protein/creatinine
ratio and body mass index (Kg/m2) in the severe
preeclampsia group.

There were very high significant decreases in
mean of baby weight of mothers suffering from
severe PE when compared with neonates of
healthy mothers. Also there was high
significant reduction in mean of neonatal
weight in mild PE mother compared with those
of healthy mothers. These results are in line
with those of Stefan et al (2010), Megha and
Sunita (2013), Hanita et al (2014), Akihide et al
(2014), Bian et al (2015), Spracklen et al (2015)
who revealed significant decrease in the
neonatal weight in PE group compared to
those of normal pregnant groups. On the
contrary, Bahia et al (2014) revealed that the
means of neonatal birth weights were not
significantly different between the PE and
normal groups.
There are two explanations for the decrease in
the weight of newborn for PE mothers. First:
faulty placentation manifests in the mother as
PE with vascular damage, enhanced systemic
inflammation, and insulin resistance; in the
placenta as oxygen and nutrient transfer
restriction and oxidative stress; and in the fetus
as growth restriction and progressive
hypoxemia (27). Second: The observed overall
20

Fig. 5. The correlation of serum levels of soluble fms
like tyrosine kinase-1 (ng/ml) with pulsatility index and
resistance index in the mild preeclampsia group.

One month following delivery, the sBP and dBP
in control pregnant group were found to
increase significantly compared with the same
group mean values at third trimester of
pregnancy. The causes that lead to decrease BP
levels at third trimester of pregnancy
(although, these BP values are within the
normal ranges) include the circulatory
expansion, increased flow of blood in pregnant
body to maintain the supply of oxygen and
food nutrients to the fetus, and hormonal
changes such as progesterone which relaxes
the walls of blood vessels thus reduce the
blood pressure.
There were very high significant decreases in
means of sBP and dBP in mild and severe PE
group at post-delivery period compared with
their respective mean values at third trimester
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of pregnancy. This occur due to the resumption
of the normal physiology of the body and
removal of factors that cause the increase in
the BP (factors that lead to development of PE)
such as presence of the placenta which is
central to the pathogenesis of preeclampsia,
stress, antiangiogenic agents, immunological
factors and decrease in the angiogenic factors.

Fig. 6. The correlation of serum levels of soluble fms
like tyrosine kinase-1 (ng/ml) with systolic and diastolic
blood pressure (mmHg/hr.) in the mild preeclampsia
group.

There were high significant decreases in mean
TP in mild and severe PE groups when
compared with those of the control pregnant
group and the reduction in serum protein was
more significant with the disease severity.
Adedeji et al (2012) had observed that the
concentration of TP was not significantly
decreased in normotensive pregnant women
compared to that of non-pregnant women.
Olooto et al (2013) showed that TP levels were
significantly lowered while urinary protein was
significantly elevated in pregnancy related
hypertension and PE, respectively as compared
to those of the normal pregnant women.
The main cause of the relative decrease in the
TP in control pregnant group and PE groups
(mild and severe PE) is the hemodynamic
changes accompanying the expansion of the
plasma volume and the increases in cardiac
output up to 50% which creates dilution of
plasma proteins. As a result, the concentrations
of albumin and α1-acid glycoprotein decrease

up to 20-40% at term (30). In PE groups (mild
and severe) the loss of glomerular barrier
charge and size selectivity and glomerular
endotheliosis result in poor filtration and
increased urine protein (31).

Fig. 7. The correlation between serum levels of soluble
fms like tyrosine kinase-1 (ng/ml) and protein/
creatinine ratio in the mild preeclampsia group.

The post-delivery mean serum protein revealed
very high significant elevation in the control
pregnant group and PE (mild and severe) as
compared with their respective mean values at
third trimester period. This can be explained by
the hemodynamic changes in which there is a
decrease in the expansion of plasma volume
post-delivery with a decline in the renal loss of
protein especially in PE groups (mild and
severe).
In this study, there were significant increases in
the PI and RI in mild PE with very high
significant increases in means of PI in severe PE
group compared with those of the control
pregnant group. The mean PI and RI were
found to be higher with the increase in the
severity of the PE. Similar findings were
recorded by Dahiana et al (2014), GuedesMartins et al (2014), Martínez-Ruiz et al (2014),
and Bian et al (2015).
The present study showed significant increases
in the means of sflt-1 in severe PE compared
with mild PE and the control pregnant group
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mean values. Similar observations were
reported by many other researchers (20,24,35-38).
In 2014, Sophia and co researchers analyzed
the serum levels of antiangiogenic factor sflt-1
in addition to the neonatal adverse outcomes
in 40 women with established PE and 40
normotensive women. They found that the
sFlt-1 levels were significantly higher in the PE
women compared to normotensive women.
The increased serum values of the antiangiogenic sFlt-1 were associated with
increased rates of late preterm, early term
births and very low birth weight.

Fig. 8. The correlation between serum levels of soluble
fms like tyrosine kinase-1 (ng/ml) and neonatal weights
(Kg) in the mild preeclampsia group.

Placental overexpression of sFlt-1 specifically in
the fetal derived trophoblast cells was
implicated as the underlying cause of PE. Fan
and colleagues (2014) suggested that the fetalderived trophoblastic cells over express sflt-1
as a self-defense against excessive VEGFA
produced by maternal decidual cells.
The results of the significant positive
correlation reported herein between the antiangiogenic factor sFlt-1 with PI and RI and sBP
and dBP in pregnant patients with mild or
severe PE supported the finding of Sophia et al
(2014) who demonstrated a significant
contribution of sFlt-1 to the pathogenesis of
endothelial dysfunction and the consequent
systematic vascular disorder.
22

According to the results of present study, the
higher concentrations of sFlt-1 were negatively
correlated with the adverse neonatal outcomes
in the form of reduction in the newborn births
weight. This can be attributed to the decreased
uteroplacental blood flow, and hypoxic stress
to the fetus and placenta, also to the poor
vascular remodeling and the induced placental
and endothelial damage (40).
The finding of significant positive correlation
between
anti-angiogenic
factor
sFlt-1
concentration and protein/creatinine ratio
occur due to direct effects of sflt-1 on renal
tissue that might lead to glomerular
endotheliosis (41). Aggarwal et al (2011) showed
an abnormally increased production of sFlt-1
and sEng, two powerful antiangiogenic
molecules, by preeclamptic placentae. The sFlt1 and sEng are believed to exert their
pathogenic effects by limiting the availability of
their pro-angiogenic ligands (PlGF, VEGF and
transforming growth factor-β) to their native
cell surface binding partners on the
endothelium. This angiogenic imbalance is
believed to induce endothelial dysfunction,
systemic vasoconstriction, hypertension and
proteinuria.
There were very high significant decreases in
the means of sflt-1 in preeclamptic groups
(mild and severe PE) one month post-delivery
compared with the mean sFlt-1 concentration
of those groups at late gestational period. This
observation can be explained by the
postpartum removal of the placenta which
represent the major source of sFlt-1 in which
placental syncytiotrophoblasts and in particular
syncytial knots were identified as a major
source of sFlt-1 (42).
In conclusion, the association between anti
angiogenic factor soluble fms-like tyrosine
kinase-1 (sFlt-1) during pregnancy and one
month post-delivery period stress its role in
the pathogenesis of PE and could be used to
predict the disease progression and impact on
the outcome of pregnancy, also there were
significant association of preeclampsia and sflt1 with low neonatal weight.
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