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ABSTRACT
Aim: Evaluation of the predictive ability of serum soluble endoglin (sEng) and placental growth factor (PLGF) levels 
estimated at the 12th gestational week (GW) for discrimination of women liable to develop preeclampsia (PE). 
Materials and Methods: 102 PE women were diagnosed according to the American Society of Hypertension and categorized 
according to guidelines of American College of Obstetricians and Gynecologists. The severity of PE was judged by the 
difference between blood pressure (∆BP) measures at time of PE diagnosis and at time of enrolment. Blood samples were 
obtained at the 12th GW for ELISA estimation of serum sEng and PLGF. Study outcomes included the predictive ability 
of these markers for development of PE and the relation between age, body mass index (BMI) and serum levels of studied 
biomarkers and ΔSBP and ΔDBP.
Results: 29 and 73 women developed early- and late-onset PE, respectively and 18 women had severe, while 84 women 
had mild PE. At time of PE diagnosis, BP measures were increased significantly in PE women in comparison to enrolment 
measures and to control measures. Serum levels of sEng were significantly higher, while serum PLGF levels were significantly 
lower in PE women than in controls. Development of PE was positively correlated with serum sEng, while was negatively 
correlated with serum PLGF levels. Also, there was positive significant correlation between ΔBP and BMI and serum 
levels of sEng, and negative significant correlation with at enrolment BP and serum levels of PLGF. ROC curve analysis 
defined ΔSBP and ΔDBP by 33 and 10 mmHg as a cutoff point for diagnosis of PE and defined high serum sEng as the                                                 
significant sensitive predictor for development of PE at both cutoff points.
Conclusion: At 12th GW, estimated levels of sEng and PLGF could discriminate pregnant women vulnerable for development 
of PE. Statistical analyses defined high serum sEng levels estimated at the 12th GW as the significant early predictor for 
upcoming PE. Maternal obesity and old age are also related to PE severity and must be considered for prediction.
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INTRODUCTION                                                                           

Branched vascular network is crucial to development 
of the placenta through the regulation of blood vessel 
growth[1] and depends on secretion of multiple angiogenic 
factors especially the vascular endothelial growth factor, 
the placental growth factor, soluble fms-like tyrosine 
kinase-1 (s-Flt1) and soluble endoglin (sEng)[2]. 

Preeclampsia (PE) is a complication of pregnancy 
characterized by gestational hypertension, proteinuria 
and/or end organ disease[3] with considerable neonatal 
and maternal morbidities and mortalities[4]. Abnormal 
placentation leads to the release of soluble antiangiogenic 
factors in line with increased oxidative stress and 
inflammation[5], these events induce systemic endothelial 
dysfunction, which in turn causes the clinical manifestations 
of PE. This mechanism is one of the generally accepted 
mechanisms for pathogenesis of PE[4]. Alternatively, 

placental mal-adaptations causes defective or inadequate 
placentation, apoptosis of invasive cytotrophoblasts[6], 
inadequate expansive remodeling of the spiral arteries, 
reduced uteroplacental perfusion pressure[7] and placental 
ischemia that promotes the release of bioactive factors into 
the maternal circulation[6].

Endoglin (CD105) is type-I transmembrane 
glycoprotein, which is highly expressed on proliferating 
vascular endothelial cells and is an endothelial-specific 
transforming growth factor-β co-receptor[8]. Endoglin (Eng) 
is expressed as a 180-kDa membrane-bound homodimer 
formed by disulfide-linked monomers from a gene that 
was localized to chromosome 9q34ter[9]. Eng is responsible 
for adequate angiogenesis and vascular remodeling as 
evidenced by animal studies that proved embryonic death 
due to defective angiogenesis in animal lacking gene for 
Eng[10], also Eng gene was found to be mutated in patients 
with hereditary hemorrhagic telangiectasia type 1[11] and 
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endoglin plays a major role in tumoral and nontumoral 
adult angiogenesis[12].

Soluble endoglin (sEng) is the circulating form 
of Eng that was produced by proteolytic processing 
of membrane Eng[13]. Hypoxia and oxidative stress 
increases membrane bound Eng expression and release 
of sEng[14]. Soluble Eng has antiangiogenic properties 
and was found to be overexpressed in patients suffering 
from hypercholesterolemia, diabetes mellitus and 
hypertension[15]. Moreover, increased levels of sEng 
correlate with poor outcome in human cancer[16] and sEng 
was proposed as a marker of endothelial damage[15].

Hypothesis : Serum levels of angiogenic factors had 
different predictive value for early detection of women 
vulnerable to develop PE.

AIM OF WORK                                                                      

Evaluation of the predictive ability of serum sEng and 
PLGF levels estimated prior to the 12th gestational week 
(GW) for discrimination of women liable to develop PE 
among a wide population of pregnant women. 

MATERIAL AND METHODS                                               

This prospective selective comparative study was 
conducted at Departments of Obstetrics and Gynecology 
and Medical Biochemistry, Faculty of Medicine, Benha 
University in conjunction with multiple private centers, 
Egypt

The current study was conducted according to 
the conditions of the Local Ethical Committee since                            
June 2018. The study targets to collect blood samples 
from all primigravida attending the antenatal care (ANC) 
units before the 12th GW and these women were clinically 
evaluated for fulfilling the inclusion criteria. Inclusion 
criteria included pregnancy with singleton fetus, no history 
of renal, hepatic or cardiac diseases, no present or family 
history of essential hypertension, and no current diabetes 
mellitus. Clinical evaluation had focused on determination 
of baseline systolic (SBP) and diastolic blood pressure 
(DBP) measures and protein level in a voided random 
urine sample. Proteinuria was determined using urinary 
dipsticks with a reading at ≥1+ was considered as the cutoff 
point for diagnosis. Women had proteinuria, but were free 
of hypertensive history of manifestations were investigated 
for urinary tract pathology. Thereafter, complete 
gynecological examination was performed and gestational 
age (GA) was calculated as the time had lapsed since                                                                                                            
the 1st day of the last menstrual period and was confirmed 
by crown–rump length measurement on US examination.

All women fulfilling the inclusion criteria were 
considered as the study population and were asked to 
follow-up their BP weekly and attend the outpatient clinic 
if the BP measure was higher than the baseline reading 
by 15 mmHg in DBP and/or 30 mmHg in SBP. On arrival 
to the clinic, BP was measured two times 4-hr apart with 

the woman at supine position, and if BP measures were 
persistently higher than baseline measures on the two 
measurements, the pregnant woman was considered as 
gestational hypertensive and random urine sample was 
examined for proteinuria. 

Diagnosis and categorization of preeclampsia (PE)
Preeclampsia (PE) was defined according to the 

American Society of Hypertension[17] as development of 
gestational hypertension in a previously normotensive 
pregnant woman and is associated with proteinuria[18]. 
Regarding severity, PE was categorized as mild and severe 
according to BP measures obtained during follow-up 
visits, PE is considered severe if SBP is ≥160 mmHg or 
DBP is ≥110 mmHg or at least one of the following clinical 
symptoms occurred: renal insufficiency, pulmonary edema, 
microvascular disease, thrombocytopenia, impaired 
liver function, and peripheral severe organ involvement 
(visual impairment and headache)[19]. Concerning timing 
of development of PE in relation to gestational age, PE 
was considered of early-onset (EOPE) if diagnosed prior                         
to 34 GW and late-onset (LOPE) if diagnosed after the 34th 
GW[20,21].
Grouping

All women who developed PE, irrespective of severity 
or time of being preeclamptic were collected as PE group 
and a similar number of women who completed their 
pregnancy course free of hypertensive manifestations with 
cross-matched age and body mass index at baseline was 
collected as Control group.

Blood sampling
A blood sample of 5-ml was withdrawn under complete 

aseptic conditions at the start of the 12th GW for assigned 
investigations. Blood was allowed to clot and then 
centrifuged at 3000 rpm for 10 minutes to separate serum 
that was collected in sterile Eppindorff tube and stores                
at -80oC till be assayed. Blood samples were collected and 
numbered by an assistant who was blinded about diagnosis.
Laboratory investigations

Serum levels of soluble endoglin (sEng) and placental 
growth factor (Pl-GF) were measured using enzyme linked 
immunosorbent assay (ELISA) kits according to the 
manufacturer’s instructions and were read using a 96 well 
microplate ELISA reader (Dynatech. MR 7000). 

Human Soluble Endoglin (sENG / sCD105) was 
measured with the enzyme linked immunoassay (ELISA) 
kit (Kit-ADR87333.1; catalogue no. MBS269385, 
MyBioSource Inc., sunny Southern California, San Diego, 
USA) by quantitative sandwich enzyme immunoassay 
technique[22].

Human placental growth factor (PLGF) was measured 
with the enzyme linked immunoassay (ELISA) kit 
(catalogue no. DPG00 SPG00 PDPG00, R&D systems 
Inc., Minneapolis, USA) by quantitative sandwich enzyme 
immunoassay technique[23].
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Study outcomes : Primary outcome is the ability of 
markers’ levels estimated at the 12th GW to predict women 
who will develop PE throughout their pregnancy course. 

Secondary outcome is the relation between age, BMI, 
serum levels of studied biomarkers and the extent of 
change in both SBP and DBP (ΔSBP & ΔDBP and equals 
BP measure at time of diagnosis of PE minus the baseline 
BP estimated at 1st antenatal visit).

STATISTICAL ANALYSIS                                                     

Obtained data were presented as mean, standard 
deviation, numbers and percentages. Results were analyzed 
using One-way Anova for analysis of variance between 
groups, paired t-test for analysis within each group and 
Chi-square test (X2 test) for analysis of non-numeric data. 
Sensitivity & specificity of studied parameters as predictors 
were evaluated using the receiver operating characteristic 
(ROC) curve analysis judged by the area under the curve 
(AUC) compared versus the null hypothesis that AUC=0.05 
and paired-sample AUC differences was determined versus 
the null hypothesis that AUC=0. Regression analysis 
(Stepwise method) was used for stratification of studied 
parameters as specific predictors. Statistical analysis 
was conducted using the SPSS (Version 15, 2006) for 
Windows statistical package. P value<0.05 was considered 
statistically significant.

RESULTS                                                                                

Throughout the study duration 102 PE women were 

diagnosed; 29 women (28.4%) developed EOPE and 73 
women (71.6%) had LOPE and 18 women (17.6%) had 
severe, while 84 women (82.4%) had mild PE. Mean 
age (25.3±3.9 years) and BMI (27±2.9 kg/m2) of women 
developed PE were non-significantly (p=0.367 & 0.205, 
respectively) higher in comparison to mean age (24.8±4.3 
years) and BMI (26.5±2.4 kg/m2) of control women.

Mean at enrolment BP measures showed non-
significant differences between studied women. However, 
at time of PE diagnosis, mean BP measures were increased 
in all studied women with non-significant difference in 
comparison to their respective baseline BP measures in 
control women, while in women who had BP measures 
diagnostic of PE, BP measures were significantly higher 
in comparison to their measures obtained at enrolment 
and to the corresponding measures of control women. 
Differentially, BP measures at time of PE diagnosis were 
significantly higher in women developed EOPE and severe 
PE in comparison to measures of women had LOPE and 
mild PE, respectively (Table 1). 

Serum levels of sEng estimated at the 12th GW were 
significantly higher, while serum PLGF levels were 
significantly lower in women who developed PE in 
comparison to control women. Also, serum levels of sEng 
were significantly higher, while serum PLGF levels were 
significantly lower in women developed EOPE and severe 
PE in comparison to women developed LOPE and mild 
PE, respectively (Table 2).

Table 1: Blood pressure data of studied women of both groups 

measurement
ΔSBP

SBP (mmHg) DBP (mmHg)

measurement ΔDBP

At time of enrolment 

Control (n=102) 118±6.3 - 78.2±5.6

PE (n=102) 119±5 - 78.7±4.1

P1  0.446 0.375

At time of PE diagnosis

Control (n=102) 119.7±6.6 1.75±1.12 79.7±5.8 1.8±0.73

P2 0.055 0.051

PE (n=102) 155.2±9.8 36.2 ±10.6 100±9.5 21.3±9.8

P1  <0.0001 <0.0001

P2 <0.0001 <0.0001 <0.0001 <0.0001

Time of development 

EOPE 160.8±10.4 41±9.6 109.4±8.3 29.7±8.32

LOPE 152.6±7.4 32.9±9.2 96.2±7 17.9±8.2

P3 0.00002 0.0008 <0.00001 <0.00001

Severity 

Mild 151.4±5 32.7±7 96.3±17.9 17.9±6.7

Severe 171.3±5.3 50.9±6.2 117.2±36.9 36.9±5.8

P4 <0.00001 <0.00001 <0.00001 <0.00001

Data are presented as mean, standard deviation; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; Δ: the extent of change of BP; PE: Pre-eclampsia; 
P1: significance of difference between PE and control women; P2: significance of difference between BP measures at time of PE diagnosis and time of 
enrolment; P3: significance of difference between BP measures of women developed EOPE and LOPE; P4: significance of difference between BP measures of 
women developed mild and severe PE; p<0.05: indicates significant difference; p>0.05: indicates non-significant difference
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Table 2: Serum sEng and PLGF levels estimated at the 12th GW in studied women
sEng (ng/ml) PLGF (pg/ml)

Total study women

Control (n=102) 1.45±0.39 457.9±84.8

PE (n=102) 3.3±0.74 292.2±82.6

P1 value <0.00001 <0.00001

Time of development 

EOPE 3.63±0.83 236.6±80.7

LOPE 3.08±0.58 314.3±75.3

P2 value 0.00024 0.00001

Severity 

Mild 3.13±0.62 313.8±70.2

Severe 4.11±0.73 191.4±58.7

P2 value <0.00001 <0.00001

Data are presented as mean, standard deviation; sEng: soluble endoglin; PLGF: Placental growth factor; PE: Pre-eclampsia; EOPE: Early-
onset PE; LOPE: Late-onset PE; P1: significance of difference between PE and control women; P2: significance of difference between women 
developed EOPE and LOPE; P3: significance of difference between women developed mild and severe PE; p<0.05: indicates significant 
difference; p>0.05: indicates non-significant difference

Correlation analysis of age, and at enrolment BMI 
and serum levels of sEng and PLGF and development 
of PE during pregnancy course, irrespective of timing 
and severity, showed a positive significant correlation                    
(Rho: 0.866, P<0.0001) between development of PE 
and serum sEng levels, while the correlation with serum 
PLGF levels was negative significant (Rho: -0.718, 
P<0.0001). On contrary, the correlation with age and 
BMI was non-significant (Rho: 0.066 & 0.075, P>0.05, 
respectively). Correlation analysis also showed a positive 
significant correlation between severity of PE as judged 
by ΔSBP with BMI (r=0.352, P<0.001) and at enrolment 
serum levels of sEng (r=0.612, P<0.001), while showed 
negative significant correlation with at enrolment                                                                   
SBP (r=-0.372, P<0.001) and serum levels of                                                                   
PLGF (r=-0.459, P<0.001). Moreover, PE severity 

as judged by ΔDBP was negatively correlated with at 
enrolment DBP (r=-0.410, P<0.001) and serum PLGF 
levels (r=-0.481, P<0.001), while was positively correlated 
with serum sEng levels (r=0.604, P<0.001). 

ROC curve analysis defined ΔSBP by 33 mmHg as the 
significant cutoff point for diagnosis of PE and analysis 
of at enrolment SBP measurements, age, BMI and serum 
levels of sEng and PLGF for prediction of ΔSBP by 33 
mmHg defined high serum sEng as the significant sensitive 
predictor for development of PE with increased SBP                                                                                                                  
by 33 mmHg. For assurance of the ability of estimated 
serum sEng as early predictor for development of 
PE, paired-sample area difference under the ROC 
curves showed significant differences between AUC 
for sEng versus that for age, BMI and serum PLGF                                                                              
(Table 3, Figure 1).

Table 3: ROC curve analysis and paired-sample area differences for at enrolment variables as early predictors for development of PE during 
pregnancy course 

ROC analysis

Variable BP Age BMI Serum sEng Serum PLGF

ΔSBP

AUC (±SE) 0.540±0.127 0.680±0.158 0.698±0.152 0.203±0.093 0.336±0.134

P1 value 0.762 0.175 0.137 0.026 0.218

95% CI 0.292; 0.789 0.370; 0.991 0.400;0.995 0.022; 0.385 0.073; 0.599

ΔDBP
AUC (±SE) 0.869±0.082 0.812±0.061 0.579±0.146 0.199±0.145 0.782±0.079

P1 value 0.011 0.019 0.551 0.024 0.034

95% CI 0.679; 0.999 0.693; 0.931 0.292; 0.866 0.0; 0.483 0.627;0.938

Paired-sample area difference under the ROC curves for at enrolment versus AUC for serum sEng

Variable BP Age BMI Serum PLGF

ΔSBP AUC difference (±SE) 0.337±0.486 0.477±0.522 0.495±0.508 0.133±0.506

Z value 2.175 2.517 3.091 1.687

P2 value 0.030 0.012 0.002 0.049

95% CI 0.033; 0.641 0.106;0.849 0.181;0.809 0.513; 0.247

ΔDBP AUC difference (±SE) 0.640±0.398 0.613±0.477 - 0.584±0.517

Z value 3.128 3.434 - 2.546

P2 value 0.002 0.001 - 0.011

95% CI 0.278;1.041 0.263;0.963 - 1.033;0.134

Δ: Extent of change; BP: Blood pressure; BMI: Body mass index; sEng: Soluble endoglin; PLGF: Placental growth factors; AUC: Area under curve; CI: 
Confidence interval; P1 indicates significance of AUC versus null hypothesis that AUC=0.5; P2 indicates significance of AUC versus null hypothesis that 
AUC=0; P<0.05 indicates significant difference; P>0.05 indicates non-significant difference 
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Fig. 1: ROC curve analysis of studied variables as predictors for ΔSBP of 
33 mmHg among women who developed PE

Fig. 2: ROC curve analysis of studied variables as predictors for ΔDBP of 
10 mmHg among women who developed PE

Considering ΔDBP as judgment parameter for 
development of PE, ROC curve analysis defined ΔDBP                                                                                                                    
by 10 mmHg as a diagnostic cutoff point for PE and 
excluded BMI as predictor for this ΔDBP, while assured that 
age, and serum sEng and PLGF are significant predictors 
for elevated DBP by 10 mmHg above at enrolment 
measurement. However, paired-sample area difference 
under the ROC curves showed significant differences 
between AUC for sEng versus that for age, DBP and serum 
PLGF (Table 3, Figure 2).

These findings were assured by Regression analysis for 
these variables which defined high serum sEng at time of 
enrolment as a significant early predictor for the possibility 
of getting elevated both SBP (β=0.612, p<0.001) and                      
DBP (β=0.604, p<0.001).

DISCUSSION                                                                                   

The current study detected high serum sEng and low 
serum PLGF levels estimated at the 12th GW in samples 
of women who had developed PE later during their 
pregnancy course in comparison to samples of women 
who completed their pregnancy free of manifestations of 
PE. Statistical analyses showed a significant correlation 
between the extent of change in blood pressure (ΔBP) 
measures and serum levels of both markers, and ROC 
curve analysis defined elevated serum sEng at the 12th GW 
as the significant predictor for high ΔBP. These findings 
indicated the feasibility of using biomarkers as early 
predictors to discriminate pregnant women vulnerable to 
hypertensive events during pregnancy and estimation of 
serum levels of sEng can be used as a sole predictor and 
its level could predict the severity of PE. These results and 
assumption are in accordance with multiple recent studies 
evaluated various markers for prediction of vulnerability 
for developing PE during pregnancy[24,25,26].

Concerning the diagnostic and predictive ability of 
estimated serum levels of sEng, the obtained results 
coincided with Kumer et al.[27] who reported significantly 
higher serum sEng in women had PE than in control 
women and Jääskeläinen et al.[28] who also found 
primiparous pregnancies have more anti-angiogenic profile 
with higher concentrations of s-Flt1, endoglin and higher 
sFlt/PlGF ratio during 2nd/3rd trimester than multiparous 
pregnancies. Recently, Sharabi-Nov et al.[29] detected 
significantly higher serum sEng in women with PE, IUGR 
and PE+IUGR compared to unaffected controls.

In support of the intimate relation between serum 
sEng levels and hypertension, therapeutic trials proved 
the efficacy of the chronic use of perindopril acting 
through reduction of serum sEng for treatment of chronic 
hypertensives in comparison to other antihypertensives[30]. 
Also, therapeutic trial using sulfasalazine for preeclamptic 
women resulted in control of BP with reduction                                                                  
of sFlt-1 and sEng secretion and improvement of 
endothelial function with upregulation of PLGF[31].

Despite of the high diagnostic ability of high serum 
sEng, other variable can predict the development of 
upcoming PE, where low serum PLGF levels could be used 
as a sole biomarker or in combination with sEng if possible. 
In line with this data, Giardini et al.[32] obtained results 
that support the use of PLGF as a biochemical marker 
for diagnosis of both PE and placental dysfunction, and 
found normal PLGF is related with a positive pregnancy 
outcome. Also, Tsviban et al.[33] documented incorporating 
blood testing of PLGF into the evaluation triage of 
pregnant women to detect women vulnerable to PE for 
its high efficacy and negative predictive value. Moreover,                                                    
Fillion et al.[34] reported that PLGF, s-Flt1, and their ratio 
could predict and diagnose early- and intermediate-onset 
PE but are not useful for LOPE.

Also, BMI determined at the 12th GW could 
predict development of PE and was correlated with 

Considering ΔDBP as judgment parameter for 
development of PE, ROC curve analysis defined ΔDBP                                                                                                                    
by 10 mmHg as a diagnostic cutoff point for PE and 
excluded BMI as predictor for this ΔDBP, while assured that 
age, and serum sEng and PLGF are significant predictors 
for elevated DBP by 10 mmHg above at enrolment 
measurement. However, paired-sample area difference 
under the ROC curves showed significant differences 
between AUC for sEng versus that for age, DBP and serum 
PLGF (Table 3, Figure 2).
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ΔBP, especially ΔSBP, while maternal age was 
correlated with ΔDBP. These findings go in hand with                                                                                                     
Lewandowska et al.[35] found the adjusted risk for 
gestational hypertension, gestational diabetes mellitus, 
cesarean section, and low birth weight as well as 
macrosomia >4000 g is high in old pregnant women and 
in obese ones these outcomes are more intense and had 
also reported that high BMI in the pre-pregnancy period 
is one of the most likely factor to increase the probability 
of developing hypertension in pregnancy[36]. Moreover, 
Kawakita et al.[37] detected that higher interpregnancy BMI 
gain by more than 2 kg/m2 was associated with increased 
odds of any hypertensive disorder.

CONCLUSION                                                                            

Disturbed angiogenesis milieu with decreased 
levels of PLGF and increased that of sEng could induce 
placental dysfunction with subsequent development of PE.                           
At 12th GW, estimated levels of these biomarkers could 
discriminate pregnant women vulnerable for upcoming 
development of PE. Statistical analyses defined high serum 
sEng levels estimated at the 12th GW as the significant 
early predictor for upcoming PE. Maternal obesity and old 
age are also related to PE severity and must be considered 
for prediction.
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