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Abstract. The expression of vascular endothelial growth 
factor (VEGF) and soluble fms-like tyrosine kinase-1 (sFLT-1) 
in the serum of patients with pregnancy induced hypertension 
(PIH) syndrome and its effects on the foetus was explored. A 
total of 105 cases of PIH pregnant women admitted to The 
First People's Hospital of Changzhou from March 2015 to 
February 2018 were divided into 3 groups according to the 
severity of the patient's condition. Group A (n=35) was hyper-
tension complicating pregnancy, group B (n=46) was mild 
preeclampsia and group C (n=24) was severe preeclampsia. 
In addition, 35 healthy pregnant women were selected as the 
control group. VEGF and sFLT-1 levels in serum were detected 
by enzyme linked immunosorbent assay, and the correlations 
between levels of VEGF and sFLT-1, neonatal weight and 
Apgar score were analyzed. Compared with group A, the 
level of serum VEGF was lower, while the level of sFLT-1 was 
higher in groups B and C (P<0.05). Compared with group B, 
the serum VEGF level in group C decreased significantly 
(P<0.05), while the serum level of sFLT-1 increased signifi-
cantly (P<0.05). Compared with group A, neonatal weight and 
Apgar score in group C was significantly lower (P<0.05). There 
was a positive correlation between the serum VEGF level and 
neonatal weight and Apgar score (r=0.435, P<0.001. r=0.357, 
P<0.001). There was a negative correlation between the serum 
sFLT-1 level and neonatal weight and Apgar score (r=-0.351, 
P<0.001. r=-0.422, P<0.001). Therefore, we concluded that 
VEGF and sFlt-1 may be involved in the occurrence and 
development of PIH. The decrease of serum VEGF level and 
the increase of sFlt-1 level may be related to the inhibited fetal 
growth and development, which is of great significance in the 
clinical detection of PIH patients.

Introduction

Pregnancy-induced hypertension syndrome (PIH) is a common 
disease in women during pregnancy and is one of the important 
causes of maternal bleeding, infection and death. According to 
the World Health Organization (WHO), at least one woman 
dies of PIH complications every 7 min (1). PIH is divided into 
four categories: gestational hypertension, chronic hypertension 
with preeclampsia, preeclampsia and eclampsia. According to 
the clinical characteristics of the patients, preeclampsia can be 
divided into mild and severe preeclampsia (2). The main cause 
of maternal mortality is the wrong choice of PIH treatment 
methods and untimely treatment (3). PIH may cause a series of 
complications, such as chest pain, difficulty breathing, cortical 
blindness, fetal growth and development restriction, iatrogenic 
preterm delivery, fetal distress in uterus, and even organ failure 
and fetal death in severe cases (4).

At present, the pathogenesis of PIH has not been clarified, 
and the relationship between cytokines and the occurrence 
and development of PIH has attracted increasing attention. 
Some scholars believe that due to poor early development of 
the placenta, poor immunogenicity may cause extravillous 
trophoblasts to invade the parental spiral artery, resulting in 
poor remodeling of the blood vessels and reduced maternal 
blood supply, which in turn causes hypoxic and ischemic 
conditions in the placental tissue. Under this condition, tropho-
blasts produce anti-angiogenic factors such as soluble vascular 
endothelial growth factor receptor 1 (sFLT-1), and elevated 
sFlt-1 can cause endothelial dysfunction and hypoxia (5-7). 
Vascular endothelial growth factor (VEGF) is a multi-
functional cytokine produced by vascular endothelial cells 
and macrophages (8). Previous studies have shown that the 
biological activity of VEGF is regulated by sFLT-1. sFLT-1 is 
an endogenous inhibitor of VEGF, and excess sFLT-1 can bind 
VEGF through high affinity, thereby neutralizing it. sFLT-1 
is an endogenous inhibitor of VEGF, and excess sFLT-1 can 
bind VEGF to neutralize it. VEGF and sFLT-1 may play an 
important role in endothelial dysfunction (9). VEGF is mainly 
expressed on the surface of placental syncytiotrophoblasts and 
invasive chorionic trophoblast cells during pregnancy. VEGF 
is highly expressed in the blood vessels during early preg-
nancy and is abundant in trophoblast cells (10,11). It has been 
reported that sFLT-1 increases dramatically during pregnancy 
and then rapidly declines after delivery (12).
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Previous studies have shown that VEGF and its receptor 
sFLT-1 in placenta may play an important role in the occur-
rence and development of PIH  (13), but the relationship 
between serum VEGF and sFLT-1 expression in PIH and 
inhibited fetal growth and development is still unknown. The 
study examined serum VEGF and sFLT-1 levels in patients 
with PIH and explored their relationships with inhibited fetal 
growth and development.

Patients and methods

Patient information. A retrospective analysis of medical 
records of 105 PIH pregnant women admitted to The First 
People's Hospital of Changzhou (Changzhou, China) from 
March 2015 to February 2018, aged 21-39  years, with an 
average age of 26.47±3.15 years, 27-36 weeks of gestation with 
an average of 32.41±0.89 weeks, and 1-3 pregnancies with an 
average of 1.56±0.19 pregnancies was conducted. According 
to the severity of disease  (14), patients were divided into 
3 groups: group A (n=35) as the hypertension complicating 
pregnancy, group B (n=46) the mild preeclampsia and group C 
(n=24) the severe preeclampsia. Another 35 healthy pregnant 
women admitted to The First People's Hospital of Changzhou 
during the same period were selected as the control group. 
Participants in the control group were aged 21-35  years, 
with a mean age of 25.89±2.16 years, 28-35 weeks of gesta-
tion, average 33.15±0.79 weeks and 1-2 pregnancies, average 
1.38±0.13 times.

Inclusion and exclusion criteria. Inclusion criteria were: The 
subjects were diagnosed in accordance with classification and 
diagnostic criteria of PIH (15); aged from 20 to 40, and with 
complete clinical data. This study was approved by the Ethics 
Committee of The First People's Hospital of Changzhou and 
all subjects were informed and agreed to participate in this 
clinical study and signed an informed consent. Exclusion 
criteria were: Patients with severe liver and kidney disease, 
diabetes, therioma, chronic inflammatory disease, hematopoi-
etic dysfunction, immunological disease, psychosis or family 
history of mental illness.

Sample collection and detection. Venous blood was drawn 
under fasting condition, serum was separated by centrifugation 

at 3,000 x g for 10 min at 4˚C and stored at -20˚C in a cryogenic 
refrigerator. ELISA (16) was used to detect the levels of VEGF 
and sFLT-1 in serum. VEGF ELISA kit (Shanghai Kalang 
Biotechnology Co., Ltd., Shanghai, China) and sFLT-1 ELISA 
kit (Shanghai Jingyang Bioengineering Co., Ltd., Shanghai, 
China) were used. All operations were performed in strict 
accordance with the manufacturer's instructions. No reagent 
was added into the blank control well. After adding samples, 
the plate was covered with film and incubated at 37˚C for 1 h. 
Then, the plate was washed and 80 µl affinity chain enzyme 
was added into each well, followed by incubation at 37˚C for 
30 min. Substrate A and B (50 µl) were added, followed by 
incubation at 37˚C for 10 min. Each well was added with 50 µl 
stop solution. An AMR-100 automatic enzyme marker analyzer 
(Hangzhou Allsheng Instrument Co., Ltd., Hangzhou, China) 
was used to detect the OD value of each well at the wavelength 
of 450 nm and to calculate the levels of VEGF and sFLT-1.

Observation index. According to the neonatal weight (17), 
2.5-4.0 kg was classified as normal weight newborns, 1.5-2.5 kg 
were low weight newborns, <1.5  kg was very low weight 
newborns, and >4.0 kg is macrosomia. Apgar scores (18) were 
used to evaluate the degree of neonatal asphyxia and respira-
tory, muscular tension, heart rate, skin color and laryngeal 
reflex signs: 8-10 points for normal newborns, 4-7 points for 
mild asphyxia and 0-3 points for severe asphyxia. The lower 
the score, the more severe asphyxia was.

Statistical analysis. SPSS 18.0 (Yiyun Information Technology 
Co., Ltd., Shanghai, China) was used for statistical analysis. 
Measurement data were presented as mean ± standard devia-
tion (mean ± SD). One way analysis of variance (ANOVA) was 
used for multigroup mean comparisons. Dunnett's t-test was 
used for pairwise comparison and Spearman's test for correla-
tion analysis. P<0.05 indicates the difference was statistically 
significant.

Results

Baseline data. There was no significant difference in age, 
gestational age, gravida para, body mass index (BMI), hemo-
globin (HB), red blood cell (RBC) count, or platelet (PLT) count 
among groups A, B, C and control group (P>0.05) (Table I).

Table I. Baseline data of groups A, B, C and control group (mean ± SD).

	 Group A	 Group B	 Group C	 Control group
Classification	 (n=35)	 (n=46)	 (n=24)	 (n=35)	 F	 P-value

Age	 26.12±3.63	 26.58±3.15	 25.48±3.47	 25.89±2.16	 0.728	 0.536
Gestational age (week)	 32.65±0.91	 32.65±0.84	 32.87±0.97	 33.15±0.79	 1.811	 0.148
Gravida para	 1.48±0.16	 1.49±0.25	 1.45±0.18	 1.38±0.13	 2.494	 0.062
BMI (kg/m2)	 26.72±2.87	 26.59±2.87	 27.32±3.11	 27.67±3.01	 1.098	 0.352
Hb (g/l)	 123.58±9.47	 128.58±11.37	 126.19±10.08	 127.58±10.37	 1.637	 0.183
RBC (x1012/l)	 4.63±0.49	 4.85±0.52	 4.59±0.61	 4.70±0.36	 2.006	 0.116
PLT (x109/l)	 149.36±11.58	 151.85±9.67	 155.47±11.09	 152.26±10.25	 1.602	 0.191

BMI, body mass index; Hb, hemoglobin; RBC, red blood cell; PLT, platelet.
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Serum VEGF and sFLT-1 levels in four groups. Serum VEGF 
levels in groups A, B, C and control group were 24.58±3.54, 
20.17±2.74, 17.52±1.95 and 33.51±3.47 µg/l, respectively, and 
the sFLT-1 levels were 21.49±3.17, 28.52±3.48, 36.41±5.15 
and 15.58±1.25 µg/l, respectively. Compared with the control 
group, the serum VEGF level in groups A, B and C was 
significantly lower (P<0.05). Compared with group A, the 
level of serum VEGF in groups B and C was significantly 
lower (P<0.05). Compared with group B, the serum VEGF 
level in group C decreased significantly (P<0.05). Compared 
with the control group, the serum sFLT-1 level in groups A, 
B and C was significantly higher (P<0.05). Compared with 
group A, the serum sFLT-1 level in groups B and C was 
significantly higher (P<0.05). Compared with group B, the 
serum sFLT-1 level in group  C was significantly higher 
(P<0.05) (Fig. 1).

Neonatal weight and Apgar score in four groups. Neonatal 
weight of groups A, B, C and control group were 3.241±0.634, 
3.137±0.398, 2.891±0.628 and 3.447±0.312 kg, respectively, 
and the Apgar scores were 9.05±0.68, 8.86±0.70, 8.36±1.25 
and 9.25±0.73, respectively. Compared with the control 
group, neonatal weight and Apgar score in groups B and C 
were significantly lower (P<0.05). There was no significant 

difference in the neonatal weight and Apgar score between 
group  A and the control group (P>0.05). Compared with 
group A, neonatal weight and Apgar score in group C were 
significantly lower (P<0.05). There was no significant 
difference between groups A and B (P>0.05) (Fig. 2).

Correlation between serum VEGF, sFLT-1 level and post-
partum neonatal weight and Apgar score. Spearman's test 
showed that there was a positive correlation between the serum 
VEGF level and neonatal weight and Apgar score (r=0.435, 
P<0.001; r=0.357, P<0.001) and a negative correlation between 
serum sFLT-1 level and neonatal weight and Apgar score 
(r=-0.351, P<0.001; r=-0.422, P<0.001) (Fig. 3).

Discussion

Pregnancy-induced hypertension syndrome (PIH) is a disease 
in pregnant women and one of the main causes of maternal 
and perinatal mortality. At present, the specific physi-
ological and pathological mechanism of PIH is not clear  (19). 
Pathophysiological studies suggest that PIH is caused by 
insufficient trophoblastic infiltration due to reduced placental 
perfusion (20). Abnormal placenta is one of the main causes of 
preeclampsia. Due to abnormal placenta implantation, uterine 

Figure 1. (A) Comparison of serum VEGF level among four groups. Results of ELISA showed that serum VEGF level in groups A, B and C was significantly 
lower than that in the control group (P<0.05), the serum VEGF level in groups B and C was significantly lower than that in group A (P<0.05) and the serum 
VEGF level in group C was significantly lower than that in group B (P<0.05). (B) Comparison of serum sFLT-1 level among four groups. Results of ELISA 
showed that serum sFLT-1 level in groups A, B and C was significantly higher compared with the control group (P<0.05), the serum sFLT-1 level in groups B 
and C was significantly higher compared with group A (P<0.05). The serum sFLT-1 level in group C was significantly higher compared with group B (P<0.05). 
*P<0.05 compared with the control group; #P<0.05 compared with group A; &P<0.05 compared with group B.

Figure 2. (A) Comparison of neonatal weight score among four groups. Neonatal weight in groups B and C decreased significantly compared with the control 
group (P<0.05). Neonatal weight in group C decreased significantly compared with group A (P<0.05). There was no significant difference in neonatal weight 
between groups A and B and the control group (P>0.05). (B) Comparison of Apgar score in four groups. Apgar score in groups B and C decreased significantly 
compared with the control group (P<0.05). Apgar score in group C decreased significantly compared with group A (P<0.05). There was no significant dif-
ference in Apgar score between groups A and B and the control group (P>0.05). *P<0.05 compared with the control group; #P<0.05 compared with group A.
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and placental perfusion can cause oxidative stress in the body, 
eventually causing hypoxia and the release of anti-angiogenic 
factors. These anti-angiogenic factors can cause a wide range 
of endothelial dysfunction, which in turn leads to maternal 
hypertension and vasoconstriction (21).

VEGF is an important angiogenesis regulatory factor and 
a highly conserved glycoprotein in the human body. VEGF 
can accelerate angiogenesis and promote endothelial cell divi-
sion, playing an important role in physiological or pathological 
angiogenesis (22). sFLT-1 can act as an effective anti-angio-
genic molecule by binding to free VEGF in the blood. sFLT-1 
can affect the infiltration of trophoblast cells by inhibiting 
the synthesis of trophoblast cells, which in turn leads to 
shallow implantation of placental villi and the development of 
preeclampsia (23). Results of this study showed that compared 
with the control group, the serum VEGF levels in groups A, 
B and C were significantly decreased, while sFLT-1 levels 
were significantly increased. VEGF levels were significantly 
decreased, while sFLT-1 levels were significantly increased 
with increasing severity of disease. These data suggest that 
VEGF and sFLT-1 may be involved in the occurrence and 
development of PIH. Consistently, Kleinrouweler et al (24) 
showed that VEGF levels are reduced and sFLT-1 levels are 
elevated in patients with preeclampsia during pregnancy. 
Maynard et al (25) suggested that excessive sFlt-1 production 
is the result of abnormal placental hypoxia. Gilbert et al (26) 
showed that hypertension caused by decreased intrauterine 
perfusion in pregnant rats is closely related to increased 
sFLT-1 levels. Pathological pregnancy may cause local tissue 
hypoxia‑ischemia, and placenta will release toxic cytokines 
into the mother's blood circulation, resulting in endothelial cell 
damage and trophoblast cell proliferation and differentiation. 
Therefore, infiltration ability of trophoblast cells is reduced, 
causing a decrease in VEGF secretion and an increase in 
sFLT-1 levels.

Normal function of the placenta is an important factor in 
fetal growth and maintenance of the pregnancy. Placenta can 
provide oxygen and nutrients to the fetus, and can eliminate 
the metabolic waste generated by the fetus, so as to ensure 
the healthy growth of fetus (27). Normal pregnancy requires 
trophoblastic physiological invasion into the maternal uterine 
iris tissue, which promotes the exchange of blood circula-
tion between the placenta and fetus. If this process fails, 
preeclampsia and fetal growth restriction in pregnancy will 
occur (28).

The basic lesions of PIH are hemodynamic changes and 
small arterial spasm, which can cause maternal placental 
thrombosis, atherosclerosis of the placental artery and poor 
blood supply and circulation. So the reserve capacity of the 
placenta is reduced, and the supply of nutrients to fetus from 
mother is hindered (25). Results of this study showed that 
compared with the control group, weight and Apgar scores 
of the newborns in groups B and C were significantly lower. 
Compared with group A, weight and Apgar scores of newborns 
in group C were significantly lower. Serum VEGF levels were 
positively correlated with neonatal weight and Apgar scores, and 
serum sFLT-1 levels were negatively correlated with neonatal 
weight and Apgar scores. It has been reported that (29) the 
expression of sFlt-1 mRNA and protein in placenta of severe 
intrauterine growth restriction was significantly upregulated 
compared to that in normal gestational age placenta, which is 
similar to the results of this study. Klein et al (30) considered 
that the risk of maternal and fetal adverse outcomes associated 
with preeclampsia increases with increasing sFlt-1/PlGF ratio 
and is the highest among women with sFlt-1/PlGF ratios of 85 
and above. In the study of Zeisler et al (31), the sFlt-1: PlGF 
ratio is 38 or lower, which can be used to predict women with 
short-term suspected preeclampsia and PlGF and VEGF func-
tion similarly. Although serum levels of vascular endothelial 
growth factor were positively correlated with neonatal weight 

Figure 3. Correlation between serum VEGF, sFLT-1 level and postpartum neonatal weight and Apgar score. (A) Spearman's test showed that there was a 
positive correlation between serum VEGF level and neonatal weight (r=0.435, P<0.001). (B) VEGF level was positively correlated with Apgar score (r=0.357, 
P<0.001). (C) There was a negative correlation between serum sFLT-1 level and neonatal weight (r=-0.351, P<0.001). (D) Serum sFLT-1 level was negatively 
correlated with Apgar score (r=-0.422, P<0.001).
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and Apgar score, and sFlt-1 level was negatively correlated 
with neonatal weight and Apgar score, this study did not 
investigate the correlation between VEGF and sFLT-1 levels 
and maternal and fetal adverse outcomes, so these data do not 
necessarily mean that VEGF and sFlt-1 will affect pregnancy 
outcomes, which is a limitation in our design. Further studies 
are required on this aspect.

In summary, VEGF and sFLT-1 may be involved in the 
occurrence and development of PIH. The decrease of serum 
VEGF level and the increase of sFLT-1 level may be related to 
fetal growth and development inhibition.
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