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ABSTRACT 
 
 Objective: The objective of the study was to evaluate maternal serum soluble endoglin level (sEng) at 19th-
24th gestational weeks in the prediction of preeclampsia and correlate the results with the severity of the disease. 
Patients and methods: Thirty pregnant women with high risk to develop pre-eclampsia (patient group) and 30 
pregnant women as a control group were recruited in the study. At their 1st antenatal care visit, serum assay test 
was taken for measurement of serum sEng level and routine laboratory work-up. Results: Our study showed that 
there was a highly statistically significant increase in patients compared with control group regarding serum 
sEng level (11.06 ±3.95 ng/mL vs. 5.92 ±1.72 ng/mL respectively, P<0.01). Also there was a negative 
correlation detected between serum sEng level and gestational age at delivery. Also, there were positive 
correlations detected between serum sEng level and systolic & diastolic blood pressure at delivery, and severity 
of preeclampsia. There was highly statistically significant increase in serum sEng level in patients who 
developed preeclampsia compared with those without preeclampsia (13.09 ±2.88 ng/mL vs. 5.83 ±0.81ng/mL 
respectively, P<0.01). There was a highly statistically increase in serum sEng level in patients with severe 
preeclampsia (4 patients [18.2%]) compared with those with mild preeclampsia (18 patients [81.8%]) (17.87 
±2.11 ng/mL vs. 12.03 ±1.7 ng/mL respectively, P<0.01). Our study demonstrated that cut-off values of 
8.35ng/mL and 15.25ng/mL of serum sEng optimally identified patients with risk to develop preeclampsia and 
severe preeclampsia respectively. Conclusion: This study showed that maternal serum sEng level in the second 
trimester of pregnancy was significantly higher in women who developed preeclampsia than who didn't develop 
preeclampsia. Furthermore our study revealed that there were significant differences in values of serum sEng 
level in cases of mild and severe preeclampsia. These results indicate the predictive value of serum sEng level as 
a laboratory marker of preeclampsia and its severity. 
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Introduction 
 
 Preeclampsia is a multisystem disorder that occurs in 5% of all pregnancies and is a major contributor to 
maternal and neonatal morbidity and mortality (ELHawary et al., 2012). 
 The exact pathophysiologic condition is unknown, but generalized endothelial dysfunction with systemic 
inflammatory response is thought to be the final common pathway that leads to the maternal signs of 
preeclampsia with de novo hypertension and proteinuria in the second half of pregnancy (Staff et al., 2007). 
 Preeclampsia is associated with alterations in circulating maternal concentrations of angiogenesis-related 
factors, e.g. concentrations of the angiogenic placental growth factor and vascular endothelial growth 
factor(VEGF) are decreased in manifest preeclampsia, whereas the concentrations of antiangiogenic factors, 
such as soluble VEGF receptor (sVEGF)-1, endostatin, and soluble endoglin , are increased (Leinonen et al., 
2010). 
 Endoglin, also called CD 105, is a 180 KDa homodimeric transmembrane glycoprotein expressed mainly in 
endothelial cells, but also in many other cell types (Jose and Novoa 2007). The increase of circulatory soluble 
endoglin is detectable approximately 2-3 months before the clinical manifestations of preeclampsia (Stepan et 
al., 2008). 
 Zhou et al.,(2010), showed that a soluble form of endoglin is present at significantly elevated levels in the 
circulations of women with preeclampsia compared with women with normotensive pregnancy and that the 
level of sEng correlated with disease severity . 
 The aim of the work is to evaluate serum sEng level in patients at high risk for developing preeclampsia, 
and to correlate its level with the severity of the disease.  
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Patients and Methods: 
 
 This study was carried out at kasr AL-Aini hospital, Cairo University and Mataria Teaching hospital within 
a period of 6 months from March to August 2012. 
 A prospective observational study was performed. 60 pregnant women in their 19th-24th week of gestation 
(at their 1st visit) were included in the study and informed written consent was obtained from each patient 
participating in the study. Also approval of the ethical committee of Cairo university was obtained. 
 The study participants were assigned to 2 groups: 30 pregnant women with high risk to develop pre-
eclampsia (patient group) and 30 pregnant women as a control group. At their 1st antenatal care visit, blood 
sample was taken for measurement of serum sEng level and routine laboratory work-up. Since then we follow-
up these women until labour (if pre-eclampsia did not developed) or until the development of pre-eclampsia. 
During the period of antenatal care, we monitored the medical condition of these women if they developed or 
not pre-eclampsia. 
 The 1st group (The patient group): included 30 normotensive pregnant women with high risk to develop pre-
eclampsia (women at 19th-24th week gestation with history of pre-eclampsia, multiple pregnancies, primiparous, 
obese and young adolescent women). 
 The 2nd group (The control group) included 30 normotensive pregnant women as a control group.  
 All women above 24 weeks gestational age or having pre-existing medical diseases such as pre-existing 
hypertension (essential or secondary), diabetes mellitus, auto-immune diseases, vascular diseases or renal 
impairment were excluded from the study. 
 Pre-eclampsia was diagnosed by the criteria shown by the American College of Obstetrician and 
Gynecologists (ACOG) (ACOG, 2002) and classified according to ACOG, 2002, into: 
 -Mild pre-eclampsia characterized by blood pressure (BP) 140/90 mmHg and 300mg of proteinuria in 24 
hour. 
 -Severe pre-eclampsia (any of these); BP 160/110,5 gm of proteinuria in 24 hours, oliguria or <500 ml in 24 
hours, cerebral or visual disturbances, pulmonary edema or cyanosis, right upper quadrant tenderness, fetal 
growth restriction, thrombocytopenia, impaired liver function and eclampsia. 
 All pregnant women who included in the study were subjected to: 
1-Through Physical examination 
2-Routine ante-natal ultrasonography 
3-Laboratory investigations: including full blood count, blood and Rh grouping, fasting and 2 hours post-
prandial blood glucose level, kidney function tests, urine analysis and serum sEng level. 
 Two ml of venous blood sample was drawn from all subjects in the study and put in a serum separator tube 
and samples were allowed to clot for 30 minutes before centrifugation for 15 minutes at 1000 xg. Serum was 
removed and assayed immediately or aliquot and samples stored at -20°C for determination of serum sEng level.  
 Serum sEng was measured by quantitative sandwich enzyme immunoassay technique supplied from R&D 
Systems (Inc., 614 McKinley Place NE, Minneapolis, USA) (Maynard et al., 2010). 
 Statistical method: Data were statistically described using SPSS version 15 in terms of mean  standard 
deviation (MeanSD), frequencies (number of cases) and percentages when appropriate.  Student t test and 
Mann Whitey test was used for comparison of quantitative variables and Chi square test was used for comparing 
categorical data. Exact test was used instead when the expected frequency is less than 5. Accuracy was 
represented using the terms sensitivity and specificity. Receiver operator characteristic (ROC) analysis was used 
to determine the optimum cut off value for the studied diagnostic markers. A probability value (P value) less 
than 0.05 was considered statistically significant.  
 
Results: 
 
 Sixty women were recruited and randomized, 30 women were in the patient group, and 30 women in the 
control group.  
 Table 1 showed patients' Demographic Data. There were no statistically significant differences between 
patient and control groups regarding the mean maternal age (P>0.05), gestational age at booking (P>0.05), SBP 
at booking (P>0.05) and DBP at booking (P>0.05). In the patient group, out of the 30 women there were 18 
(60%) primigravida and 12 (40%) multipara, while in the control group; all the 30 women were multipara. 
 Table 2 showed comparison between patient and control groups as regard data at delivery. There was 
statistical significant decrease in gestational age at delivery (P<0.05), and highly significant increase in SBP at 
delivery (P<0.01), DBP at delivery (P<0.01), and presence of albumin in urine (P<0.01) in patients compared 
with control group. On the other hand; there was no statistically significant difference between both group as 
regard the mode of delivery (P>0.05). 
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 Table 3 and figure 1 shows the serum sEng levels in patient and control groups. There was a highly 
statistically significant increase in patient group compared with control group regarding serum sEng level (11.06 
±3.95 ng/mL vs. 5.92 ±1.72 ng/mL respectively, P<0.01). 
 
Table 1: Patients' demographic data. 

Characteristics Patient group 
(n = 30) 

Control group 
(n = 30) 

P 

Maternal Age (years) 
Mean ± SD 
Parity: n (%) 
Primigravida 
Multipara 
Gestational Age at booking (weeks) 
Mean ± SD 
SBP at booking (mmHg) 
Mean ± SD 
DBP at booking (mmHg) 
Mean ± SD 

 
25.8 ±4.2 
        
 18 (60%) 
12 (40%) 
 
21.97 ±1.77 
 
     107.67 ±9.89 
 
     71 ±6.07 

 
26.97 ±4.97 
              
              - 
30 (100%) 
 
21.73 ±1.55 
 
      106 ±9.68 
 
      68.5 ±6.32 

 
0.331 
 
     <0.01** 
 
 
0.589 
 
      0.512 
 
       0.124 

**P: Highly statistically significance (P<0.01) 
SBP: Systolic blood pressure.        DBP: Diastolic blood pressure. 
 
Table 2: Comparison between patient and control groups as regard data at delivery. 

Characteristics 
Patient group 
(n = 30) 

Control group 
(n = 30) 

P 

Gestational Age at delivery (weeks) 
 Mean ± SD 

 
 
37.37 ±2.14 

 
 
38.43 ±1.38 

 
 
0.026* 

SBP at delivery (mmHg) 
 Mean ± SD 

139.67 ±18.66 
 

 113.67 ±12.73 
 
<0.01** 

DBP at delivery (mmHg) 
 Mean ± SD 

89 ±12.13 
 

69.83 ±7.71 
 

 
   <0.01** 

Albumin in urine 
0 
 + 
 ++ 
 +++ 

 
9 (%) 
17 (%) 
3 (%) 
1 (%) 

 
29 (%) 
1 (%) 
- 
- 

 
<0.01** 
 
 
 

Mode of Delivery: n (%) 
 Vaginal delivery 
 Caesarean section 

 
12 (40%) 
18 (60%) 

 
19 (63.33%) 
11 (36.67%) 

 
0.071 
 

 Preeclampsia: n (%) 
 No 
 Mild 
 Severe 
Complications  
 Number (%) 

 
9 (30%) 
17 (56.67%) 
4 (13.33%) 
 
2 (6.67%) 

 
29 (96.67%) 
1 (3.33%) 
- 
 
- 

 
<0.01** 
 
 
 
0.150 

*P: Statistically significant (P<0.05). **P: highly statistically significance (P<0.01) 
 
Table 3: Comparison between patient and control groups as regard serum soluble endoglin level. 

 
Patient group 
(n = 30) 

Control group 
(n = 30) 

P 

Endoglin level (ng/mL)  
 Mean ± SD 
 Range 

 
11.06 ±3.95 
5.4-20.6 

 
5.92 ±1.72 
4.1-14.1 

 
<0.01** 
 

             **P: Highly statistically significance (P<0.01) 

 

 
Fig. 1: Comparison between patient (study group) and control groups as regard serum soluble endoglin level. 
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Table 4: Comparison between patient and control groups as regard serum soluble endoglin levels and preeclampsia (Mean ±SD).  
                 Preeclampsia Serum Soluble Endoglin (ng/mL) P 
Patients with preeclampsia (n=22) 13.09 ±2.88  

  <0.01** Patients without preeclampsia (n=38) 5.83 ±0.81 
Patients with severe preeclampsia (n=4) 17.87±2.11  

<0.01** Patients with mild preeclampsia (n=18) 12.03 ±1.7 
**P: Highly significant. 
 
Table 5: Correlations between serum soluble endoglin levels and patients' characteristics. 

Characteristics 
Serum soluble Endoglin 

Sign. 
r P 

Maternal Age 
GA at booking 
GA at delivery 
SBP at booking 
DBP at booking 
SBP at delivery 
DBP at delivery 
Albumin in urine 
Severity of Preeclampsia 

-0.095 
-0.043 
-0.547** 
-0.033 
0.034 
0.943** 
0.908** 
0.953** 
0.887** 

0.470 
0.742 
0.000 
0.805 
0.797 
0.000 
0.000 
0.000 
0.000 

>0.05 
>0.05 
<0.01** 
>0.05 
>0.05 
<0.01** 
<0.01** 
<0.01** 
<0.01** 

GA: Gestational age. 
 
 Table 6: Sensitivity, specificity, positive predictive value & negative predictive value of serum soluble endoglin level ≥8.35 and ≥15.24 

ng/mL in the prediction of preeclampsia. 
Serum Endoglin Sensitivity Specificity PPV NPV 
Serum Endoglin ≥8.35 ng/mL 100% 100% 100% 100% 
Serum Endoglin ≥15.25 ng/mL  100% 100% 100% 100% 

PPV: Positive predictive value. NPV: negative predictive value. 
 

 
Fig. 2: Receiver operating characteristic (ROC) curve for prediction of preeclampsia by serum soluble endoglin 

level. 
 
 In comparison between patients with preeclampsia and patients without preeclampsia as regard serum sEng 
level, there was a highly statistically significant increase in patients with preeclampsia compared with those 
without preeclampsia (13.09±2.88 ng/mL vs. 5.83±0.81ng/mL respectively, P<0.01). By dividing the patients 
with preeclampsia according to the severity; 18 patients (81.8%) developed mild preeclampsia and 4 patients 
(18.2%) developed severe preeclampsia. There was a highly statistically significant increase in serum sEng level 
in patients with severe compared with those with mild preeclampsia (17.87 ±2.11 ng/mL vs. 12.03 ±1.7 ng/mL 
respectively, P<0.01) (table 4). 
 Table 5 shows that there was a negative correlation detected between serum sEng and gestational age at 
delivery. Also, there were positive correlations detected between serum sEng level and SBP at delivery, DBP at 
delivery and severity of preeclampsia. 
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 Table 6 and figure 2 demonstrated that cut-off values of 8.35 ng/mL and 15.25 ng/mL optimally identified 
patients with risk to develop preeclampsia and severe preeclampsia respectively. Area under the curve (AUC) = 
1. At this cut-off value, the sensitivity was 100% and specificity was 100%. 
 
Discussion: 
 
 Pre-eclampsia is the major cause of maternal and fetal morbidity and mortality, involving 15% to 20% of 
pregnancies in developed countries and even more in less developed parts of the world. Superficial placentation 
driven by immune maladaptation, with subsequently reduced concentrations of angiogenic growth factors and 
increased placental debris in the maternal circulation, are likely responsible (AL Nory et al., 2011). 
 The aim of the work is to evaluate serum sEng level in patients at high risk for developing preeclampsia, 
and to correlate its level with the severity of the disease.  
 The present study relied on ELISA estimation of only one anti-angiogenic factor; serum sEng as a 
representative of angiogenic/antiangiogenic parameters. In this study 60 women were recruited and randomized, 
30 women normotensive pregnant women with high risk to develop pre-eclampsia were in the patient group, and 
30 women in the control group. In the patient group, out of the 30 women there were 18 (60%) primigravida and 
12 (40%) multipara, while in the control group; all the 30 women were multipara. 
 In comparison between patient and control groups as regard data at delivery, there was a statistically 
significant difference between both groups regarding the gestational age at delivery (P<0.05), which indicates 
that the high risk group women deliver at earlier gestational age than the control group. 
 In this study showed that there was a highly statistically significant increase in patient compared with 
control groups regarding serum sEng level (11.06 ±3.95 ng/mL vs. 5.92 ±1.72 ng/mL respectively, P<0.01). 
 Also our study showed that there was a negative correlation detected between serum sEng level and 
gestational age at delivery. Also, there were positive correlations detected between serum sEng level and SBP at 
delivery, DBP at delivery and severity of preeclampsia, which means that, the higher the level of serum sEng 
level, the lower the gestational age at delivery and the higher SBP and DBP at delivery. 
 There was a highly significant increase in serum sEng levels in patients who develop preeclampsia 
compared with patients without preeclampsia (13.09 ±2.88 ng/mL vs. 5.83 ±0.81ng/mL respectively, P<0.01). 
 There was a highly statistically significant increase in serum sEng level in patients with severe 
preeclampsia (4 patients [18.2%]) compared with those with mild preeclampsia (18 patients [81.8%]) (17.87 
±2.11 ng/mL vs. 12.03 ±1.7 ng/mL respectively, P<0.01). 
 Our study agreed with Gaber et al., (2010), who performed a study on total of 66 singleton pregnant 
women between 18 and 35 years old were divided as follows: 15 pregnant females who developed gestational 
hypertension, 18 pregnant women who later developed pre-eclampsia and 33 normotensive pregnant women 
taken as controls, The median value of sEng was 3.1 ng/ml in controls, 6.2 ng/ml in cases with gestational 
hypertension and 9 ng/ml in those who developed preeclampsia. 
 Also agreed with Rana et al., (2007) who performed a study on 39 women who developed pre-eclampsia 
and 147 normotensive controls each with serum samples collected first at11–13 weeks and then second at 17–20 
weeks trimesters. Serum sEng level in 11–13 weeks gestation was 6.9 ± 0.3 ng/ml versus 6.6 ± 0.2, P = 0.37. In 
17–20 week it was 6.4 ± 0.4 ng/ml versus 5.2 ± 0.1, P<0.01. 
 This study agreed with Tidwell et al., (2001). In their study, they collected single second-trimester serum 
samples from healthy women who subsequently developed severe preeclampsia (n =48) and from healthy 
women who experienced a normal pregnancy (n =56) and their sEng were measured by ELISA, patients who 
later developed pre-eclampsia delivered earlier, had smaller infants, and had a higher mean arterial pressure than 
controls. They had elevated sEng, compared with those with normal pregnancy (6.19±2.1 versus 5.00± 1.0 
ng/mL, P=0.02). 
 Stepan et al., (2008) reported that sEng levels are elevated in second-trimester pregnancies with abnormal 
uterine perfusion and subsequent pregnancy complications and suggested that the concurrent measurement of 
uterine perfusion and sEng may effectively predict an early-onset preeclampsia. 
 Also agreed with Staff et al. (2007) that indicated that elevated serum sEng in maternal circulation in 
preeclampsia correlated with soluble fms-like tyrosine kinase-1 (FLt-1) concentrations and soluble fms-like 
tyrosine kinase-1/placental growth factor ratio, so sEng could represent the changes in angiogenic/anti-
angiogenic milieu. 
 Also, the choice of ELISA procedure go in hand with Guller et al., (2011) who found ELISA examination 
of placental micro particles perfusion supernatant fluid revealed the presence of antiangiogenic factors at the 
following relative levels: Eng>plasmiogen activator inhibitor-2 (PAI-2) PAI-2»PAI-1>sFlt-1 and indicated that 
micro particles shed from the syncytial surface express factors which may alter the fibrinolytic and angiogenic 
balance at the maternal-fetal interface and play a role in the pathophysiology of preeclampsia and that endoglin 
and PAI-2 were almost exclusively localized to the surface of placental micro-particles, a site with a biological 
potential . 
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 By doing ROC curve analysis for prediction of preeclampsia by sEng, the cut-off value of 8.35ng/mL 
optimally identified patients with risk to develop preeclampsia. Area under the curve (AUC) = 1. At this cut-off 
value, the sensitivity was 100% and specificity was 100%. 
 Gaber et al. (2010) showed that, ROC curve analyses of serum sEng demonstrated the ability of this marker 
to differentiate pre-eclamptics from normal pregnancies. It showed an AUC of 0.962. At a cut-off value of 
7ng/ml, the sensitivity was 94.4%, specificity was 87.5% and accuracy was 89.5%. At a cut-off value of 7 
ng/ml, estimated odds ratio clearly emphasized that increasing sEng plasma level is a high risk for developing 
pre-eclampsia (OR =119, P < 0.0005). 
 Salahuddin et al. (2007), showed in their study that serum sEng had sensitivity and specificity of 90% and 
95% for differentiating normal (n= 20) from preeclamptic pregnancies (n= 19). In women with gestational 
hypertension sEng had a sensitivity and specificity of 84% and 88% in differentiating them from controls in the 
third trimester. They stated that serum sEng may prove useful in differentiating pre-eclampsia from hypertensive 
diseases of pregnancy. 
 Also by another ROC curve analysis for prediction of severity of preeclampsia by serum sEng level; our 
study demonstrated that cut-off value of 15.25ng/mL optimally identified patients with risk to develop severe 
preeclampsia. AUC = 1. At this cut-off value, sensitivity was 100% and specificity was 100%. 
 
Conclusion:  
 
 This study showed that maternal serum sEng level in the second trimester of pregnancy was significantly 
higher in women who developed preeclampsia than who didn't develop preeclampsia. Furthermore our study 
revealed that there were significant differences in values of serum sEng level in cases of mild and severe 
preeclampsia. These results indicate the predictive value of serum sEng level as a laboratory marker of 
preeclampsia and its severity. But the limited number of studied women makes it difficult to recommend routine 
measurement of serum Eng as a marker for high risk women to develop preeclampsia. More research on higher 
number of women and other ethnic groups is required to re-evaluate the significance of this marker, moreover 
other antiangiogenic markers may be needed to be evaluated and correlated with each other for accurate and 
earlier prediction of preeclampsia.  
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