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The variation of angiogenic proteins level in normotensive pregnancy and pregnancy with chronic arterial hypertension (CAH) was 
investigated in this study.

Materials and Methods. The detailed clinical analysis  of gestational course of 69 pregnant women with CAH in and 49 women with 
normotensive pregnancy was carried out. All patients were studied for the serum level of pro-angiogenic protein PlGF and anti-angiogenic 
biomarkers sFlt-1 and endoglin at gestational age 22–24, 28–34 and more than 37 weeks. 

Results. In pregnancy with CAH hypertension the level of pro- and anti-angiogenic proteins at 22–24 weeks of gestation was the same as 
in normotensive pregnancy. At the gestational age 28–34 weeks the increase of sFlt-1 (5573±774 pg/ml vs. 3299±544 pg/ml in control group, 
p<0.001) and endoglin concentration (7.1±0.8 ng/ml vs. 5.4±0.4 ng/ml in control, p<0.001) in the group with complicated pregnancy was 
detected. At the same time the level of pro-angiogenic PlGF in this group decreased (155.8±30.4 pg/ml vs. 238.5±66.1 pg/ml, p<0.05 in control). 
At the gestational age more than 37 weeks the sFlt-1 level increased both in complicated and normotensive pregnancy (13334±909 pg/ml and 
13298±740 pg/ml, respectively), and PlGF level dropped up to 144.4±81.4 pg/ml and 94.5±78.2 pg/ml, respectively (p<0.01).

Conclusion. In the third trimester of pregnancy there is the variation of angiogenic proteins level: in pregnancy with CAH the serum 
concentration of anti-angiogenis sFlt-1 was higher and the concentration of pro-angiogenic PlGF was lower than that in normotensive pregnancy. 
It may indicate the placentation abnormalities. 
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The problem of the elevated blood pressure (BP) 
in pregnancy is considered to be one of the most 
complex aspects of arterial hypertension, both in clinical 
epidemiology, diagnostics, classification, and treatment 
and prevention of complications [1]. The pathology has a 
significant  affect on the pregnancy course and outcome, 
and is the leading cause of both maternal and perinatal 
morbidity and mortality. [2–4]. Arterial hypertension can 
result in many critical conditions including: abruption 
of normal placenta, retinal detachment, eclampsia with 
cerebrovascular disease and multiple organ failure, severe 
forms of disseminated intravascular coagulopathy (DIC). 
The complications of arterial hypertension are progressive 
placental insufficiency and intrauterine growth restriction 
(IUGR), and in serious cases — fetal asphyxia and death 
[5].

In recent years a lot of investigations concerning 
primary hypertension (idiopathic hypertensia) are focused 
on angiogenic protein factors because of increased 
frequency of different vascular abnormalities, including 
the process of vessel formation (angiogenesis) [6–8]. 

The reduced microvessel density in arterial hypertension 
has been demonstrated experimentally and clinically 
so the cause-effect relations of this phenomenon is the 
point of many discussions [9–11].

In normal angiogenesis there is the balance between 
pro- and antiangiogenic factors [12]. The variations in the 
pro- and antiangiogenic proteins level, particularly PlGF 
(placental growth factor) and soluble vascular endothelial 
growth factor receptor sFlt-1, result in imbalance between 
them. As a concequens of this state increase the possibility 
of such complications as preeclampsia, IUGR, chronic 
placental insufficiency, and preterm delivery [13–19]. 
Besides sFlt-1 and PlGF a lot of investigations study the 
effect of another antiangiogenic protein — endoglin, which 
is the component of transforming growth factor (TGF) 
receptor complex. In particular it was demonstrated that the 
blood level of soluble endoglin increased in preeclampsia 
patients [20].

Unfortunately, there is a very few information about 
variation of angiogenic proteins level in pregnancy with 
chronic arterial hypertension (CAH).
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The aim of the investigation was to study the 
variation of serum level of proangiogenic biomarker 
PlGF and antiangiogenic proteins endoglin and sFlt-1 
in physiological pregnancy, and pregnancy with chronic 
arterial hypertension.

Materials and Methods.
Patients. A total of 118 patients were enrolled in this 

study: 49 normotensive  pregnant women and 69 with I 
grade СAH (without target lesions), the term of gestation 
was between 22 and 40 weeks. All patients were recruited 
from Russian National Research Medical University. 
Mean age for normotensive patients (control group) was 
29.6±1.3 years (from 21 to 43) and  30.3±1.5 years (from 
18 to 46) for group with CAH.

Material. 10 ml of venous blood was collected and 
allowed to clot for 30–40 min. Serum was separated by 
centrifugation and stored at –200C in sigle-use aliquots.

Immunoassay (ELISA). The levels of sFlt-1, PlGF and 
endoglin in the blood serum were detected by standardized 
sandwich enzyme-linked immunosorbent assay (Quantikine 
ELISA, R&D Systems, UK) in duplicate according to the 
manufacturer’s protocol.

Data analysis. The average of duplicate assays 
represented the value of individual samples in the 
stasistical analysis. All values are expressed as mean±SD. 
and analysed by Statistica 7.0 (StatSoft) and MS Excel 
2010 (Microsoft) software. Comparision between unpaired 
groups were performed using two-tail Student t-test, p<0.05 
was considered statistically significant.

results.
The study of clinical characteristics. We studied 

various clinical characteristics to estimate the role of 
different factors in CAH pregnancy pathogenesis as well as 
determine CAH effect on pregnancy outcome.

The study of body mass-height indices demonstrate 
statistically significant difference of body mass index (BMI) 
in groups before pregnancy (p<0.05): in control group we 
detected norman BMI (22.4±0.8 kg/m2), at the same time 
the index in CAH patients was 27.0±1.4 kg/m2 indicating 
overweight. In CAH group the most women had impaired fat 
metabolism before pregnancy — 48% (33/69) versus 8% 
(4/49) in control group (p<0.05). In complicated pregnancy 
total gestation weight gain was 15.8±2.3 kg, in control 
group — 12.7±1.2 kg (p<0.05). All these data indicate 
the association between the impaired fat metabolism and 
pregnancy with CAH.

All patients with complicated pregnancy indicated the 
stable increased BP before pregnancy, two of them took 
antihypertensive drugs; patients from control group had 
no elevated BP. Across pregnancy the level of maximum 
systolic BP in complicated pregnancy was 144.7±3.3 mm 
Hg (in control group — 107.9±4.3), diastolic BP — 
90.3±2.2 mm Hg (vs. 70.2±1.7 in control).

CAH patients during gestation more frequently had 
threatening miscarriage (77% (53/69) versus 47% (23/49) 
in control); in this group placental abruption was diagnosed 
in 13%  women (9/69), 13% patients had a preeclampsia 
overlay. No pathology was found in the control group.

In CAH group 28% patients (19/69) had indications 
to premature delivery, 37% of them (7/19) — due to the 

deterioration of functional fetal status, 47% (9/19) — 
due to preeclampsia impairment, and in 16% — due to 
progressing of placental abruption. There were total 33% of 
preterm deliveries (23/69) in CAH group whereas all control 
patients had term birth. Average duration of gestational in 
CAH group was 37.1±0.5 weeks versus 39.6±0.2 weeks in 
normotensive pregnancy (p<0.05).

33% of neonates (23/69) in CAH group were preterm 
infants; mean weight of newborns in this group was 
2854±180 g and  mean body height —  48.2±0.9 cm (versus 
3501±82 g and 51.6±0.5 cm in control group, respectively). 
In complicated pregnancy the IUGR syndrome was detected 
in 27.54% (17/69) cases, in control group the syndrome 
was not found.

Thus, CAH pregnant patients are characterized by 
overweight and stable elevated BP before pregnancy. Even 
moderately elevated BP across pregnancy increased the 
risk of development of such serious pathologies as abruption 
of placenta and preeclampsia. IUGR was detected more 
frequently in CAH patients, and more neonates in this group 
were preterm infants.

Since all above mentioned pathologies are possible to 
be related to the placentation process abnormalities, and 
the proper angiogenesis is needed for normal placentation, 
blood serum of all patients were tested for the content 
of some pro- and antiangiogenic protein factors. The 
investigations were carried out in 22–24, 28–32 and after 
37 weeks of gestation (before the delivery).

sFlt-1 protein level in CAH pregnancy. We found that 
the average sFlt-1 level in blood serum in 22–24 weeks 
of gestation is higher in patients with CAH comparably 
with normotensive ones, though the difference was not 
statistically significant (2472±558 versus 1859±536 pg/ml, 
respectively) (Fig. 1).

In the third trimester of pregnancy (28–34 weeks) 
we detected statistically significant increase of 
sFlt-1 concentration in blood of the patients of both 
groups compared to the period of 22–24 weeks: 
5573±774 pg/ml — in complicated pregnancy (p=3,0·10–8) 
and 3299±544 pg/ml — in control group (p=0.0006). At the 
gestational age of 28–34 weeks sFlt-1 level in GH patients 
was significantly higher compared to the normotensive 
pregnancy (p=8.0·10–6).

In the period of 37-week gestation, sFlt-1 level in the serum 
of all pregnant women increased, though the difference of 
its content almost leveled out:  13334±909 pg/ml in CAH 
group versus 13298±740 pg/ml in control (in comparison 
with the gestational age of 28–34 weeks p=3.0·10–14 and 
2.0·10–19 respectively).

Thus, sFlt-1 level in pregnancy with CAH was significantly 
higher than that in the control group at 28–34 weeks of 
gestation.

Endoglin level in pregnancy with CAH. We detected 
the comparable concentration of endoglin in blood serum 
of the patients of both groups at gestational age of 22–24 
weeks: 4.4±0.6 ng/ml — in pregnant patients with CAH, and 
4.3±0.3 ng/ml — normotensive pregnancy (Fig. 2).

At 28–34 week of gestation the endoglin level was 
found to increase and significantly differed between 
the groups (p=0.0005): in complicated pregnancy — 
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fig. 1. sFlt-1 level in blood serum in normotensive pregnancy 
and in pregnancy with CAH. At the gestational age 22–24 
weeks and more than 37 weeks the protein concentration in 
both groups is comparable, at 28–34 weeks of gestation the 
sFlt-1 level in CAH group is significantly higher; * — p<0.0011

*

*

**

sF
lt-

1 
co

nc
en

tra
tio

n,
 p

g/
m

l

Gestational age, weeks

— CAH; — Normotensive pregnancy

fig. 2. Endoglin level in blood serum of pregnant women with 
CAH and in normotensive pregnancy. At the gestational age 
22–24 weeks the protein concentration is comparable in both 
groups, in terms 28–34 week and after 37 weeks the endoglin 
level in patients with complicated pregnancy is significantly 
higher; * — p<0.05; ** — p<0.001
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fig. 3. PlGF level in blood serum in pregnant women with CAH 
and in normotensive pregnancy. At the gestational age 22–24 
weeks  the protein concentration is comparable in both groups, in 
term 28–34 weeks the PlGF level is significantly lower in patients 
with complicated pregnancy, and in term more than 37 weeks 
its concentration is significantly higher than in healthy pregnant 
women; * — p<0.05; ** — p<0.01; *** — p<0.001
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7.1±0.8 ng/ml of protein (between the terms of 22–24 
and 28–34 weeks p=1.0·10-6), in control group — 
5.4±0.4 ng/ml. After 37 weeks of gestation the endoglin 
level was the same compared to 28–34-week gestation: 
6.9±1.3 and 5.3±0.5 ng/ml respectively (p=0.046 between 
the groups).

Thus, in both groups in the second trimester the endoglin 
level was the same compared to the control, but in late 
pregnancy the protein content was higher in pregnant 
patients with CAH.

PlGF level in pregnancy with CAH. Since the 
angiogenesis is regulated by the balance of angiogenic 
protein factors which are activate or inhibit this process, 
we also studied the level of proangiogenic protein PlGF 
in the serum of patients from both groups. Similarly to 
endoglin, PlGF level at the gestational age of 22–24 weeks 
in both groups did not significantly differ: we detected 
196.0±85.8 pg/ml of protein in the blood of pregnant women 
with CAH  and 171.7±73.4 pg/ml — in normal pregnancy 
(Fig. 3).

At 28–34 weeks of gestation protein concentration in 
CAH pregnancy slightly decreased up to 155.8±30.4 pg/ml, 
and at the same time in normotensive pregnancy its level 
increased up to 238.5±66.1 pg/ml. In this period PlGF level 
in the group with complicated pregnancy was on average 
1.5 times lower than that in control (p=0.03).

After 37 weeks of gestation compared to 28–34-week 
gestation period  we found out the protein level reduction 
in both groups: up to 144.4±81.4 pg/ml in CAH patients, 
and up to 94.5±78.2 pg/ml in control group. That is at 
the gestation age more than 37 weeks PlGF level in CAH 
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pregnancy was in 1,5 times higher compared to the normal 
pregnancy (p=0.009).

Thus, PlGF level in pregnant women with CAH had the 
tendency to decrease over a studied period of pregnancy, and 
compared to the normotensive pregnancy, its concentration 
at the gestational age of 22–24 weeks was higher than the 
control level, and after a 37-week period it was lower.

discussion. Increased frequency of hypertension 
syndrome in pregnancy determines the necessity to find out 
the risk factors which enable to detect a group of patients 
with high risk of serious complications onset.  Our results 
show that even slightly impaired fat metabolism is directly 
associated with chronic arterial hypertension, which in its 
turn complicates the gestation course. These findings 
confirm other studies performed with pregnant women 
of other nationalities [21, 22]. Moreover, the presence of 
primary AH was proved to result in stable BP increase in 
following pregnancy and associated pathologies [23]. In 
addition, even moderately increased BP in pregnancy was 
shown to be associated with an increased risk of developing 
complications including those related to placentation 
process abnormality.

Normal placental development is possible only under 
normal regulation of angiogenic processes; on the other 
hand, hypertensive processes are frequently associated 
with vascular disorders [9, 11]. We found that at late second 
trimester of pregnancy there were no obvious changes 
of the angiogenic proteins level in pregnancy with CAH. 
However, by the middle of the third trimester, i.e. at the 
gestational age of 28–34 weeks, we detected the imbalance 
of the pro- and antiangiogenic protein factors level in the 
blood of patients with complicated pregnancy compared to 
the normotensive ones.

Late gestation period was marked by similar changes 
in the levels of angiogenic factors in pregnancy both 
normotensive and CAH complicates. In the gestational 
age closed to a full-term pregnancy we detected a sharp 
increase of antiangiogenic protein (sFlt-1) concentration 
in the blood of patients from both groups as well as the 
decrease of proangiogenic factor (PlGF) concentration. The 
PlGF serum concentration differed between groups only in 
the middle of the third trimester: in normal pregnancy the 
protein level decreased significantly by the end of gestation 
after the increase of its concentration in the middle of 
the third trimester, and in CAH pregnancy there was the 
tendency for its slowly decrease throughout the gestation 
period under study.

S. Verlohren et al. [24] determined sFlt-1/PlGF ratio 
after the 34th week of pregnancy in different hypertensive 
pathologies and demonstrated that the ratio increased 
both in normotensive and CAH pregnancy compared 
to early gestation periods. Though the ratio gain is 
possible in case of sFlt-1 concentration increase, when 
PlGF level decreases concurrently, that is in agreement 
with our findings. The similarity of protein level changes 
in physiological pregnancy and in pregnancy with 
hypertensive complications indicate that the increase of 
antiangiogenic sFlt-1 and the decrease of proangiogenic 
PlGF in the gestational age closed to a full-term pregnancy 
may serve as one of the delivery initiating mechanisms.

conclusion. At the late second trimester of pregnancy 
there were no significant changes in angiogenic factors in 
pregnant women with chronic arterial hypertension. At the 
early third thrimester of pregnancy with CAH the abnormal 
angiogenesis regulation expressed in the increased 
level of antiangiogenic sFlt-1 and endoglin, and reduced 
proangiogenic PlGF concentration is observed. By the 
end of gestation, the detected sFlt-1 serum level in CAH 
patients is higher than in the healthy ones; at the same time 
the PlGF protein level fall down, though it occurs both in 
normotensive and CAH pregnancy.

The imbalance of angiogenic proteins in CAH pregnancy 
in 28–34 weeks of gestation may indicate the abnormality 
of placentation processes.
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