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Abstract

The disbalance of pro-angiogenic and anti-angiogenic factors, hormonal

balance  shift  in  fetal  growth  retardation  (FGR)  among  high-risk  pregnant

women plays a significant role in the pathogenesis of this pathological condition

and  may  serve  as  a  prognostic  criterion  in  early  pregnancy. Materials  and
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methods. We conducted a prospective study of 88 pregnant women at 12-13

weeks of  pregnancy.  The pro-angiogenic placental  growth factor  (PIGF) and

anti-angiogenic – placental soluble fms-like tyrosine kinase (sFlt-1) and their

ratio  (sFlt-1/PIGF  coefficient)  were  determined.  Estradiol  (E),  progesterone

(PG), and chorionic gonadotropin (CG) were determined among the placental

hormones. Results. PIGF  was  statistically  significantly  reduced  in  pregnant

women with FGR (6,7 pg/ml) comparing to the results of group 2 (18,7 pg/ml;

p˂0,05) and it was reduced comparing to group 3 (15,5 pg/ml; 0,05˂ p˂0,1).

The levels of sFlt-1, by contrast, were highest among the women in group 1:

(1972,3  pg/ml;  p˂0,05)  compared  to  the  control  group  (1384,4  pg/ml)  and

compared to 3 group (1595,3 pg/ml; 0,05˂p˂0,1). sFlt-1/PIGF was significantly

higher for patients of group 1 (596,5 units) compared to group 2 (252,2 units),

р˂0,05. Conclusion. In pregnant women with hypertension of 1 and 2 degrees,

which in the first trimester of pregnancy (12-13 weeks of gestation) there was

the decrease in levels of PIGF, increase in sFlt-1 levels and increase in the sFlt-

1/PIGF ratio, the fetal growth retardation develops in future in comparison to

women without hypertension. The levels of PIGF are significantly lower and the

coefficient  values  are  higher  than  those  ones  of  pregnant  women  with

hypertension of 1st degree. The levels of placental hormones of this pathology

are not statistically significantly different from the data of the control group.

Key words: fetal growth retardation; growth factor; placental hormones;

pregnancy; hypertension.

Introduction. FGR is an urgent medical and social problem in obstetrics

today [1-4]. FGR is diagnosed if there is a decrease in the mass-growth rate

below the  10-percentile  according  to  the  gestational  age  in  the  presence  of

placental  insufficiency. Chronic  hypoxia  of  the  mother's  body  and  placental

hypofunction  due  to  impaired  uterine-placental  circulation  and  impaired
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transportation of oxygen and essential nutrients to the fetus as a result play the

main role among the various pathogenetic mechanisms of FGR [2,  4]. FGR is

the second cause of infant death after prematurity. The frequency of FGR is

about 10%, at antenatal fetal death it reaches 20%, and at preterm pregnancy -

from 15% to 22% [5].

Arterial  hypertension  contributes  to  the  development  of  vascular  and

metabolic  disorders  for  pregnant  women,  which  leads  to  impaired  uterine-

placental circulation and forwards the development of further FGR [6, 7].

The  activity  of  placental  angiogenesis  is  controlled  by  a  spectrum  of

growth factors with pro-angiogenic and anti-angiogenic properties. The source

of  pro-angiogenic  growth  factors  is  PIGF.  PIGF  stimulates  the  synthesis  of

trophoblastic DNA, increases the number of trophoblast cells and improves the

conditions for its invasion during the first trimester of pregnancy [8,  9]. Anti-

angiogenic factors include sFlt-1. It counteracts the action of PIGF on specific

receptors  [10]. The  imbalance  between  the  pro-  and  anti-angiogenic  factors

contributes to the development of FGR in pregnant women. The decrease in the

levels of PIGF in the blood of pregnant women is a very important prognostic

factor of FGR during the first trimester of pregnancy. PIGF levels may be 5-fold

less compared to the control [8, 11]. Other scholars have discovered an increase

in anti-angiogenic growth factors against the decrease in pro-angiogenic factors

for  pregnant women with placental  insufficiency,  which would have FGR in

future [12]. Angiogenesis in pregnant women with arterial hypertension was

investigated.  It was determined that pregnant women have the increased serum

level  of  sFlt-1 in response  to a  decrease in  PIGF concentration. In pregnant

women with arterial hypertension of stage 1 who have FGR later, the scientists

point out the high prognostic significance of the sFlt-1/PIGF ratio. It grew in

cases of FGR development [13]. The authors explain this by the presence of

latent preclinical dysfunction of the endothelium that leads to disorders of the
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circulation of the internal organs, their ischemia and the progressive lesion of

target organs in this group of the patients.

Placental hormones such as E, PG, and CG contribute to the formation

and  function  of  the  feto-placental  complex. The  group  of  researchers  [14]

discovered a decrease in E levels and an increase in CG in women with FGR,

but the differences were not  statistically significant. The similar  results have

been reported by other researchers [15], who found a decrease in E levels for

pregnant women with hypertension during 16-20, 28-34, and especially 35-40

weeks  of  pregnancy  compared  with  rates  of  pregnant  women  without

hypertension.

Thus,  the  imbalance  of  pro-angiogenic  and  anti-angiogenic  factors,

hormonal balance shift of FGR high-risk pregnant women plays a significant

role  in  the  pathogenesis  of  this  pathological  condition  and  may  serve  as  a

prognostic criterion in early pregnancy. However, nowadays this problem has

not been studied well yet.

Purpose. To  determine  the  indicators  in  the  system  of  pro-/anti-

angiogenic  factors  and  placental  hormones  during  the  first  trimester  of

pregnancy of women with AG of 1 and 2 grades who have FGR developed later

compared to those ones of pregnant women who have not the detected FGR.

Materials and methods. We  conducted  a  prospective  study  of  88

pregnant women at 12-13 weeks of pregnancy. The patients were divided into 4

groups. Group 1 (main group) included 10 women with AG1 and AG2, who

have children with FGR. Group 2 (comparison group 1) included 25 pregnant

women  with  AG1  who  did  not  have  FGR. Group  3  (comparison  group  2)

included 26 patients with AG2 who did not have FGR. Group 4 (control group)

included 27 pregnant women with physiological  pregnancy and who did not

have AG and FGR in children. The average age of patients in group 1 was 30,2

± 1,2 years, in group 2 it was 26,5 ± 0,9 years., in group 3 it was 34,3 ± 0,7
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years,  control  group`s  age  was  32,0  ±  1,0  years.  Patients  in  group  2  were

definitely the youngest, p˂0,05, and women in group 3 were significantly older,

p˂0,05  in  terms  of  age  (except  compared  with  the  control  group,  p˃0,05).

According  to  the  obstetric  and  gynecological  anamnesis  the  patients  were

compatible.

The degree of hypertension and FGR were diagnosed according to the

clinical  protocols  in  Ukraine. The  pro-angiogenic  PIGF  factor  and  anti-

angiogenic –sFlt-1 and their ratio (sFlt-1/PIGF coefficient) were determined. E,

PG, CG were determined among the placental hormones. These parameters were

determined  by  enzyme-linked  immunosorbent  assay  according  to  the

instructions using the enzyme analyzer Sirio-S (Italy) at the Medical Laboratory

Center  of  Zaporizhzhya  State  Medical  University. Placental  hormones  were

determined  using  kits  from Monobind  Inc,  USA;  angiogenesis  factors  were

determined using kits from R&D systems, Inc., USA&Canada.

Statistical analysis was made using Statistica for Windows 6.0. The data

results are presented as M ± m, where M is the average of the parameter, and m

is  the  error  of  mean. The  normality  of  distribution  in  patient  groups  was

determined using the Shapiro-Wilk method. In the case of normal distribution,

the Student's method was used to compare results; in the absence of normality,

the Mann-Whitney method was used.

Results and their discussion. PIGF levels were significantly lower in all

patients with hypertension (groups 1,  2,  3)  compared with those ones in the

control group (46,1 pg/ml; р˂0,001). However, this pro-angiogenic factor was

statistically significantly reduced for pregnant women of group 1 (FGR; 6,7 pg/

ml) compared to the results of group 2 (18,7 pg/ml; p˂0,05) and it was reduced

compared to group 3 (15,5 pg/ml; 0,05˂ p˂0,1). It  has been determined that

pregnant women with hypertension have the reduced level of PIGF. If its levels

reach the values of 6,7 ± 1,9 pg/ml, then FGR develops (Fig. 1).
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Figure 1. Indicators of angiogenesis in serum in patient groups

The levels of sFlt-1, by contrast, were highest among women in group 1:

(1972,3  pg/ml;  p˂0,05)  compared  to  the  control  group  (1384,4  pg/ml)  and

compared  to  group  3  (1595,3  pg/ml;  0,05˂p˂0,1). This  indicator  was

significantly increased for patients of group 2 (1668,8 pg/ml) in relation to the

control one (p˂0,05). The levels of sFlt-1 for pregnant women with AG2 did not

differ from the data of group 4 (p˃0,05).

The sFlt-1/PIGF ratio was higher among all  women with hypertension

than in the control group (46,6 units; for 1, 2, 3 groups, p˂0,001. However, it

was significantly higher among patients of group 1 (596,5 units) compared to

group 2 (252,2 units), р˂0,05.

Thus, among pregnant patients with hypertension at decrease in the levels

of PIGF and increase in sFlt-1 levels and the value of the coefficient of 596,5 ±

161,5 units FGR is developing.

There  were  no  significant  differences  in  the  levels  of  angiogenesis

indicators among women of groups 2 and 3 (fig.2).

There were no statistically significant differences in the levels of placental

hormones in the groups of women (Fig. 2).
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Figure 2. Indicators of placental hormones in serum in patient groups

However, we can see a relative decrease in E levels, an increase in PG and

CG levels among patients with hypertension who have the developed FGR in the

future.

Discussion. We found decreased levels of PIGF, increased levels of sFlt-1

and sFlt-1/PIGF ration as a result for all patients with arterial hypertension. The

similar results were detected by other authors [9, 13]. But they checked pregnant
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women during 2d and 3d trimesters of pregnancy contrary to our examination

during  12-13  weeks.  Some  researchers  used  these  indices  for  prognosis  of

preeclampsia  during  1  trimester  [17].  The  most  expressed  disbalance  was

observed among women with further FGR. It means, arterial hypertension when

severe  disbalance  between  pro-  and  anti-angiogenic  factors  presented  cause

placental  hypofunction  due  to  impaired  uterine-placental  circulation  and

impaired transport of oxygen and essential nutrients to the fetus as a result lead

to FGR. 

Previous researchers discovered the decreased levels of E for women with

FGR [15, 16, 18]. We also detected a little reduction of E among such patients,

but  differences  was  not  statistical.   There  were  no  statistically  significant

differences in the levels of other placental hormones in the groups of women.   

Conclusions.  Among  pregnant  women  with  1st and  2nd degree

hypertension during the first trimester of pregnancy (12-13 weeks of gestation)

there is the decrease in levels of PIGF, increase in sFlt-1 levels and increase in

the sFlt-1/PIGF ratio, the fetal growth retardation develops in future compared

to women without hypertension. The levels of PIGF are significantly lower and

the coefficient values are higher than those ones of pregnant women with 1st

degree hypertension. The levels of placental hormones for this pathology are not

statistically significantly different from the data of the control group.
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