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Background: Pre-eclampsia is a potentially serious condition that still accounts for significant 

morbidity and mortality for the affected mother and neonate. Although the pathogenesis is not 

fully understood, it is now widely accepted that vascular endothelial dysfunction is the most 

important and principal event in the pathophysiology of the disease. The aims of our study were 

to compare serum soluble endoglin levels at week 13 in normotensive pregnant women and in 

high-risk women, to determine whether the maternal plasma soluble endoglin concentration at 

26 weeks is increased in pregnancies that subsequently develop pre-eclampsia, and to identify 

if soluble endoglin measurement improves the results of screening for pre-eclampsia.

Methods: This work was conducted in 60 healthy pregnant controls and 110 pregnant women 

at high risk for pre-eclampsia. Gestational age was confirmed by date of last menstrual period 

and first trimester ultrasound. The time of onset of pre-eclampsia was defined as the time of 

first elevated blood pressure or urinary protein measurement leading to the diagnosis. Blood 

samples were collected for measurement of soluble endoglin and other routine laboratory tests, 

including measurement of urinary proteins. Serum soluble endoglin was estimated by sandwich 

enzyme-linked immunosorbent assay.

Results: There was a highly significant increase in serum soluble endoglin in high-risk women 

compared with controls at week 13 (P , 0.001). Further determination of soluble endoglin 

revealed a more significant increase in women who developed early-onset pre-eclampsia 

compared with those who developed late-onset pre-eclampsia. Moreover, a significant positive 

correlation was found between soluble endoglin and both diastolic blood pressure and total 

urinary protein, ie, severity of pre-eclampsia.

Conclusion: Estimation of serum soluble endoglin at gestational week 13 could be used as a 

sensitive screening test for women at high risk of developing pre-eclampsia prior to onset of its 

clinical manifestations, which could potentially improve the outcome of pregnancy.
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Introduction
Pre-eclampsia is a multisystem pregnancy-specific hypertensive syndrome that causes 

substantial maternal and fetal morbidity and mortality. The lack of an effective test 

for identification of women at risk of developing pre-eclampsia remains a factor con-

tributing to the high morbidity of the disease. In most developing countries where the 

incidence of the disease is high, women present late with complications.1

Although pre-eclampsia is known as “the disease of theories”, overwhelming 

evidence points to endothelial dysfunction as a central mechanism in the patho-

genesis of the maternal syndrome of pre-eclampsia. The causes of this endothelial 
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dysfunction remain elusive. However, poor placentation has 

been proposed as a major factor.2

An ischemic placenta secretes soluble factors into the 

maternal vasculature which have been implicated in induc-

ing endothelial dysfunction and the clinical features of 

pre-eclampsia. Excess secretion of a naturally occurring 

antiangiogenic molecule of placental origin, referred to as 

soluble endoglin, may contribute to the pathogenesis of 

pre-eclampsia. Soluble endoglin acts by antagonizing an 

angiogenic and vasodilator molecule known as transforming 

growth factor beta-1, which is important not only in angio-

genesis but also in keeping the lining of the blood vessels 

healthy. As a result, the cells lining the blood vessels begin 

to sicken and die, blood pressure increases, and the blood 

vessels leak protein into the tissues and urine.3

The aims of this study were to compare serum soluble 

endoglin levels in normotensive pregnant women and in high-

risk women at gestational week 13, to investigate whether the 

maternal plasma soluble endoglin concentration is increased 

at 26 weeks in pregnancies that are subsequently compli-

cated by pre-eclampsia, and to determine whether inclusion 

of soluble endoglin levels improves the performance of 

screening for pre-eclampsia.

Materials and methods
The study was conducted at the Department of Obstetrics 

and Gynecology, Faculty of Medicine, Tanta University, 

and recruited women attending the antenatal care unit prior 

to week 12 of gestation and at increased risk of develop-

ing pre-eclampsia, so as to select pregnant pre-eclamptic 

women. All women signed a fully informed written consent 

to participate in the study.

The women were examined between January 2009 and 

September 2010, and comprised 170 singleton pregnancies. 

The inclusion criteria were at least one of the following 

risk factors for pre-eclampsia: a history of pre-eclampsia 

in a previous pregnancy, nulliparity, chronic hypertension, 

chronic renal disease, diabetes mellitus, and obesity (body 

mass index $  30  kg/m2). Exclusion criteria included 

multiple pregnancies, major fetal anomaly, placenta previa, 

and hepatitis. Gestational age was established on the 

basis of menstrual dates and confirmed by first trimester 

ultrasonography. Throughout their antenatal visits, the women 

were categorized into two groups, ie, a high-risk group 

(n = 110) and a healthy control group (60 cases). In the high-

risk group, diagnostic criteria for pre-eclampsia were identified 

in 35 cases who subsequently developed pre-eclampsia and in 

45 cases who developed gestational hypertension. The control 

group comprised 60 normotensive controls unaffected by 

pre-eclampsia or gestational hypertension.

All women underwent detailed history-taking, a general 

physical, systemic, and obstetric examination, ultrasono-

graphic abdominal evaluation, hematology testing, and 

urinary estimation of protein and sugar. Proteinuria was 

measured by dipstick test and was graded as 1+ (30 mg/dL), 

2+ (100 mg/dL), 3+ (300 mg/dL), or 4+ (.2000 mg/dL). 

Routine laboratory estimation of uric acid, urea, creatinine, 

aspartate transaminase, and alanine transaminase was done, 

along with a complete blood count. A serum soluble endo-

glin level was measured in all patients at weeks 13 and 26 

using an enzyme-linked immunosorbent assay technique 

with reagents provided by Quantikine R&D International 

(Minneapolis, MN).4

Pre-eclampsia was def ined as a diastolic blood 

pressure $ 90 mmHg and proteinuria of $1+ (30 mg/dL) on 

dipstick testing at gestational week 20. In women with chronic 

hypertension, the diagnosis of pre-eclampsia was made by 

new-onset proteinuria after gestational week 20. In women 

with chronic renal disease, diagnosis of pre-eclampsia was 

made by new-onset hypertension and worsening proteinuria 

after gestational week 20. Severe pre-eclampsia was defined 

as pre-eclampsia with either severe hypertension (diastolic 

blood pressure $ 110 mmHg), severe proteinuria (urinary 

protein excretion $  3.5  g per 24  hours, findings of $3+ 

[300  mg/dL]) on dipstick testing, or HELLP (hemolysis, 

elevated liver enzyme levels, low platelet count) syndrome. 

Time of onset of pre-eclampsia was defined as the time of 

first elevated blood pressure or urinary protein measurement 

leading to diagnosis of pre-eclampsia.5

Statistical analysis
Statistical analysis was done using the mean, standard error, 

Student’s t-test, Chi-square, linear correlation coefficient, 

and analysis of variance tests by SPSS version 17 (SPSS 

Inc, Chicago, IL). An analysis of variance test was used for 

comparison of quantitative data from different time points 

in the same patient group.

Results
In the high-risk group, 35 women developed pre-eclampsia and 

45 women were categorized as having gestational hyperten-

sion during the study period. At the time of study enrollment, 

baseline characteristics did not differ significantly between 

the study and control groups for age, body weight, height, 

and body mass index. However, women who subsequently 

developed pre-eclampsia had higher systolic and diastolic 
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blood pressures at the first prenatal visit, and as expected, blood 

pressure levels were considerably higher when overt disease 

occurred. At the time of development of pre-eclampsia, the 

high-risk women developed significantly higher blood pressure 

and proteinuria compared with control women (Table 1).

All patients in group 2 were hypertensive at the time 

of enrolment. In contrast, all women in group 1 were 

normotensive. Both systolic and diastolic blood pressure was 

significantly higher in group 2 than in group 1. At enrolment, 

three women (2.7%) in group 2 had a trace of protein in their 

urine, two women (1.8%) had proteinuria # 100 mg/dL, three 

women (2.7%) had .100 mg/dL, and five women (4.5%) had 

30–100 mg/dL (P , 0.001). In contrast, only four women 

(6.7%) in group 1 had proteinuria of 30–100 mg/dL which 

disappeared on follow-up visits.

Mean serum endoglin levels estimated at gestational 

week 13 were significantly higher in the high-risk group 

compared with the healthy control group, and significantly 

higher mean serum endoglin levels in women who developed 

early onset pre-eclampsia compared to those who developed 

late onset pre-eclampsia during follow-up of cases. Serum 

endoglin levels estimated at gestational week 13  showed a 

significant negative correlation with body weight (r = −0.468, 

P = 0.023) and body mass index (r = −0.522, P = 0.016), and 

a significant positive correlation with systolic blood pressure 

(r =  0.446, P =  0.029). Moreover, elevated serum soluble 

endoglin at gestational week 13 showed a significant positive 

correlation (r = 0.523, P = 0.016) with a risk of pre-eclampsia. 

There was a positive correlation between serum endoglin levels 

and other parameters (gestational age, systolic blood pressure, 

diastolic blood pressure, urinary protein, serum creatinine, 

alanine transaminase) when measured at gestational week 26. 

On the other hand, there was a negative correlation between 

serum endoglin levels and platelet count (Table 2).

In the present study, sequential estimation of serum 

endoglin revealed that the extent of increased serum soluble 

endoglin at gestational week 26 versus week 13 could 

specifically identify women liable to develop pre-eclampsia. 

Women in group 2 who developed pre-eclampsia were 

significantly more likely to deliver smaller babies at lower 

gestational ages and to deliver by cesarean section. The 

gestational age at delivery was 38–42 weeks in group 

1 and 34–40 weeks in group 2a (high-risk women who did 

not develop pre-eclampsia), and 28–40 weeks in group 2b 

(high-risk women who developed pre-eclampsia). Forty-three 

(57.3%) women in group 2a had a vaginal delivery and the 

remaining women were delivered by cesarean section, with 

16 (45.7%) women in group 2b having a vaginal delivery and 

the remaining women being delivered by cesarean section. 

Fifty-two (86.7%) women in group 1 had a vaginal delivery 

and the remainder were delivered by cesarean section. None 

of the women in group 1 delivered before 37 weeks. Two 

women (5.7%) in group 2b had HELLP syndrome. The mean 

weight of neonates in groups 2a and 2b was 2.96 ± 0.23 kg 

and 2.45  ±  0.86  kg, respectively, and in group 1 was 

3.32 ± 0.74 kg (Table 3).

Discussion
Pre-eclampsia is a multisystem disorder that causes 

substantial maternal and fetal morbidity and mortality. It is 

defined as a sudden onset of hypertension presenting after 

gestational week 20 ($140/90  mmHg), accompanied by 

abnormal edema and/or proteinuria.2,6

In our study, pregnant women classified as being at high 

risk for pre-eclampsia at week 13 had significantly higher 

serum endoglin levels compared with healthy pregnant 

controls. These results are in agreement with the results of 

Levine et al and Lim et al who found a positive correlation 

between circulating angiogenic factors, transforming growth 

factor beta-1, and development of pre-eclampsia.7,8 Moreover, 

a longitudinal study of 46 normotensive pregnancies at 

8–40 weeks’ gestation reported that the maternal plasma 

soluble endoglin concentration remained relatively stable 

until 25 weeks and then increased thereafter until term.9

Table 1 Clinical data of the entire study population at week 13 (time of enrolment)

Group 1 (control group) Group 2 (high-risk group) P value

Patient age (years) 23.20 ± 4.96 25.67 ± 5.94 0.233
Body weight (kg) 73.47 ± 3.79 (69–91) 78.80 ± 3.43 (72–93) 0.136
Height (cm) 163.54 ± 3.17 (158–173) 161.27 ± 3.45 (156–171) 0.227
BMI (kg/m2) 30.8 ± 1.89 (26.86–32.55) 32.5 ± 2.23 (27.54–35.75) 0.305
Systolic blood pressure (mmHg) 115.2 ± 8 (105–125) 130.75 ± 10.60 (125–140) 0.038*
Diastolic blood pressure (mmHg) 75 ± 1.8 (60–77) 77 ± 5.2 (70–79) 0.043*
Serum endoglin (pg/L) 1025.0 ± 104.62 1760.0 ± 200.43 0.0336*

Notes: Data are presented as the mean ± standard deviation, ranges are in parentheses. *Significant difference versus control group.
Abbreviation: BMI, body mass index.
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Our study revealed a significant positive correlation 

between soluble endoglin and blood pressure as well as 

total urinary proteins. This correlation is explained by the 

findings of Venkatesha et al who demonstrated that soluble 

endoglin acts by antagonizing an angiogenic molecule known 

as transforming growth factor beta-1, which is important in 

mediating nitric oxide-dependent vasodilatation and in keep-

ing the lining of blood vessels healthy.10 Therefore, excess 

secretion of soluble endoglin leads to severe vasoconstriction, 

with resulting hypertension, and leakage of proteins into the 

tissues and urine.11,12

Experimental evidence further supports the contribution 

of soluble endoglin to the pathogenesis of pre-eclampsia. 

Venkatesha et  al also reported that exogenous soluble 

endoglin administration in pregnant rats leads to severe pre-

eclampsia, including the HELLP syndrome and restriction 

of fetal growth. They stated that soluble endoglin increased 

the likelihood of HELLP syndrome in both the rat model and 

human pre-eclampsia.10

Our data show a significant positive correlation between 

soluble endoglin measured at week 13 in the high-risk group 

and the risk of pre-eclampsia with regard to systolic blood 

pressure and body mass index. These data indicate a rela-

tionship between serum soluble endoglin and constitutional 

data and with the severity of pre-eclampsia. Our results 

were in agreement with those reported by Hirashima et al, 

Toporsian et al, and Duhan et al,12–14 who found significantly 

elevated serum soluble endoglin in pre-eclamptic women 

in later pregnancy than in early pregnancy, together with a 

reduction in the angiogenic proteins, vascular endothelial 

growth factor and placental growth factor, and a general 

increase in antiangiogenic proteins, ie, soluble endoglin and 

soluble fms-like tyrosine kinase 1.12–14

On the other hand, Gu et al performed a cross-sectional 

analysis at 4-week intervals of gestational age to evaluate the 

pattern of change in soluble endoglin levels among healthy 

women during normal pregnancy. They showed that soluble 

endoglin levels were stable until 33 weeks of gestation and 

then increased.15

This finding is further supported by Robinson and 

Johnson, who found in their longitudinal analysis of serum 

soluble endoglin in pregnant women, that in specimens 

obtained before the onset of pre-eclampsia for women in whom 

early-onset pre-eclampsia subsequently developed, soluble 

endoglin began to rise at 17–20 weeks’ gestation (P , 0.001), 

with a steep rise at 33–36 weeks.16 Salahuddin et al added 

that this dramatic elevation in circulating soluble endoglin in 

pregnant women who experienced early-onset pre-eclampsia 

highlights the role of this placental-derived protein in the 

development of the disorder.17

Our data show that patients with pre-eclampsia are likely 

to have a poorer pregnancy outcome, with more small for 

gestational age neonates, preterm delivery, and still births. 

These results are in agreement with those of Lee et  al,18 

who concluded that both soluble fms-like tyrosine kinase 1 

and soluble endoglin are useful for diagnosing patients with 

pre-eclampsia and that serum levels of these factors may not 

correlate with poor prenatal outcomes. Another study found 

that serum soluble endoglin levels were significantly higher 

in early-onset compared with late-onset pre-eclampsia.19 

However, other studies have suggested that elevated soluble 

endoglin may be a mechanism in other obstetric syndromes 

as well, such as fetal death and small for gestational 

Table 2 Comparison between the studied groups as regards serum alanine transaminase, platelet count, and serum endoglin levels at 
week 26

Group 1  
(controls)

Group 2  
(gestational hypertension)

Group 3  
(pre-eclampsia)

P value Tukey’s test

Alanine transaminase (IU/L) 20.667 ± 3.697 24.933 ± 5.625 30.267 ± 7.630 ,0.001* Groups 1 and 3 
Groups 2 and 3

Platelet count (×103) 190.333 ± 13.819 213.333 ± 57.373 167.667 ± 38.539 0.014* Groups 1 and 3 
Groups 2 and 3

Serum creatinine (mg/dL) 1.2 ± 0.32 1.5 ± 0.76 2.4 ± 0.81 0.023* Groups 1, 2, and 3
Serum endoglin (pg/L) 1220.0 ± 207.709 2060.0 ± 301.899 2353.33 ± 443.793 ,0.001* Groups 1 and 2 

Groups 2 and 3

Table 3 Pregnancy outcome in study groups

Group 1 Group 1a Group 2b P

Gestational  
age

38–42 weeks 34–40 weeks 28–40 weeks 0.001* 
1 and 2a, 2b 
2a and 2b

Vaginal  
delivery

86.7% 57.3% 45.7% 0.013 
1, 2a and 2b

Weight of  
neonates

3.32 ± 0.74 2.96 ± 0.23 2. 45 ± 0.86 0.046 
1, 2a and 2b

Still birth 1.67 1.33 8.57 0.0001* 
1, 2a and 2b

Note: *indicates significance.
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age neonates.20,21 Levine et  al reported that normotensive 

patients who delivered a small for gestational age neonate 

had a higher maternal serum concentration of soluble 

endoglin compared with controls beginning at 17–20 weeks 

of gestation, and the difference was higher at 37–42 weeks.3

Most of the relevant studies done have been retrospec-

tive with limited numbers of patients. Thus, the evidence 

is insufficient to recommend the use of soluble endoglin 

for screening in early cases of pre-eclampsia.20 Prospective 

studies with a rigorous methodology and greater numbers 

of pre-eclamptic patients are needed to evaluate the clini-

cal utility of this marker further, given that mechanisms 

responsible for pre-eclampsia will favor development of 

therapeutic strategies for the disease. Because there is no 

proven effective method for prevention of pre-eclampsia, 

early identification of women at high risk could potentially 

improve the outcome of pregnancy. Intensive maternal and 

fetal monitoring in such patients may prevent the develop-

ment of serious complications.

In conclusion, estimation of serum soluble endoglin at 

gestational week 13 could be used as a sensitive screening 

test for high-risk women liable to develop pre-eclampsia prior 

to onset of its clinical manifestations, and could potentially 

improve the outcome of pregnancy.

Disclosure
The authors report no conflicts of interest in this work.
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