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Maternal Serum Mid-Trimester  
Human Chorionic Gonadotrophin, 
Alfa-Fetoprotein and Unconjugated 
Estriol in Predicting Preeclampsia

Objective. To evaluate the role of mid-trimes-
ter total human chorionic gonadotropin (hCG), 
alfa-fetoprotein (AFP) and unconjugated estri-
ol (uE3) in the prediction of pre-eclampsia. 
Method. We carried out a retrospective analy-
sis of hCG, AFP, uE3 levels taken between 16-18 
weeks of gestation from 278 women. None of 
these women had abnormal karyotype fetuses 
or malformations. The levels of maternal se-
rum hCG, AFP, uE3 were compared between 
20 severe pre-eclampsia, 96 mild pre-eclamp-
sia and 112 controls.
Results. Levels of hCG in the second trimester 

triple test result from women who later devel-
oped severe pre-eclampsia were significantly 
elevated than control group (p=0.001, p<0.01). 
The mean gestational age at birth and mean 
birth weight of patients whose hCG were higher 
than 2 MoM (n=32) in triple test were signifi-
cantly lower than patients with hCG equal or 
lower than 2 MoM (p<0.01). 
Conclusion. Increased hCG was found to be 
significantly associated with severe pre-ec-
lampsia developing later in pregnancy.
Keywords: Second trimester serum screening, 
hCG, pre-eclampsia 

Abstract

Introduction
Pre-eclampsia and eclampsia are 

important causes of maternal and fetal 
morbidity and mortality(1). Reliable 
and specific tests for prediction of pre-
eclampsia before the onset of disease are 
not possible so far(2).

Human chorionic gonadotropin 
(hCG), alpha-fetoprotein (AFP) and uE3 

levels in maternal serum have been used 
for Down syndrome screening for a long 
time and are commonly known as “the 
triple marker test”. Fifty-six percent 
of fetal aneuploidy can be detected 
by a combination of abnormal serum 
levels of hCG and AFP(3). In 1992, the 
relationship between elevated hCG and 
non-genetic pregnancy complications 

was studied for the first time(4). After 
this report, many authors described 
that second trimester serum levels 
of hCG, AFP and uE3 may predict the 
development of pre-eclampsia later in 
pregnancy (5,6,7,8,9,10,11,12,13). However, there 
is still not an agreement yet about which 
biochemical marker and with true cut-
off can predict the development of 
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pre-eclampsia or adverse pregnancy 
outcomes.

The aim of the present study was 
to compare the relationship between 
second trimester hCG, AFP and uE3 
levels in women with normal pregnancy 
outcome and with subsequently develop 
pre-eclampsia. 

Material Methods
The pregnant women who developed 

pre-eclampsia were investigated retro-
spectively between January 2006 and 
December 2008 at the Obstetrics Depart-
ments of Ondokuz Mayis University and 
Erbaa- Tokat State Hospital. The list 
of women who had second trimester 
screening tests and who delivered at 
the Obstetrics Departments of Ondokuz 
Mayis University and Erbaa- Tokat State 
Hospital was obtained from hospital 
records. Obstetric histories, pregnancy 
complications, delivery details were 
also recorded from individual patient 
files in the file records department of 
Ondokuz Mayis University and Erbaa- 
Tokat State Hospital. Pre-eclamptic 
patients with antenatal Down syndrome 
screening test results, delivered at the 
Obstetrics Departments of Ondokuz 
Mayis University and Erbaa- Tokat State 
Hospital, were included in the study 
group. The control group consisted of 
women who spontaneously conceived 
normal pregnancies and healthy new-
borns. Study group was divided into two 
subgroups according to the severity of 
pre-eclampsia.

Women with pre-eclampsia were 
matched for gestational age with nor-
motensive women who had a normal 
pregnancy outcome. The cases of pre-
eclampsia that were identified and 
matched controls were investigated 
about the value of maternal serum hCG, 
AFP and uE3 in the prediction of pre-
eclampsia.

Pre-eclampsia was defined as if the 
blood pressure diagnosed after 20 
weeks of pregnancy was 140/90 mmHg 
or greater 6 hours apart with protei-
nuria of 300 mg/day or one dipstick 
measurement of ≥+1 according to the 
Committee of Terminology of Ame-
rican College of Obstetricians and 
Gynecologists definition. Pre-eclampsia 
was categorized as severe if the systemic 
blood pressure was 160/110 mmHg or 
more on two occasion 6 hours apart 

with severe daily proteinuria (5g/day) or 
the presence of severity evidences like 
visual disturbances, upper abdominal 
pain, convulsion, oliguria, headache, 
elevated serum liver enzyme or serum 
creatinine, thrombocytopenia.

Maternal serum screening testing, 
which measures hCG, AFP and estriol 
(uE3) levels were performed at 16-18 
weeks of gestation. Tests were performed 
for only non-diabetic and singleton 
pregnancies. Gestational ages were esti-
mated by ultrasonographic dating of the 
pregnancies. The maternal serum AFP 
was measured by radioimmunoassay and 
the maternal serum hCG was measured 
by immunoradiometric technique. The 
serum hCG, AFP, uE3 MoM values were 
available in all cases. Serum marker 
values were reported as multiples of 
median (MoM) to prevent potential bias 
from different assay methods. Both hCG 
and AFP MoM values were maternal 
weight and gestational age adjusted. 
Down syndrome screening risk greater 
than 1/250 was defined as an increased 
risk and amniocentesis was offered to 
those women.

Pregnancies with chronic hyperten-
sion, diabetes, abnormal fetal karyotype, 
fetal chromosomal or structural abnor-
malities, and multiple pregnancies were 
excluded from the study. 

The Ethics Committee of Ondokuz 
Mayis University and Erbaa State Hospi-
tal approved the collection of triple test 
results and clinical information of the 
patients. 

Statistical analyses were done with 
NCSS 2007& PASS 2008 Statistical 
Software (Utah, USA). Comparisons 
of the biochemical data in the pre-
eclampsia groups with the normal 
group was calculated by Student’s t-
test. The comparisons of the markers 
between different diagnostic groups 
were made with the Kruskall-Wallis 
test. Mann-Whitney U tests were used 
for comparison of continuous variables. 
P<0.05 was considered statistical 
significance. 

Results
One hundred sixty-six pre-eclamptic 

pregnant women who delivered at 
Ondokuz Mayis Universtiy and Erbaa- 
Tokat State Hospital were included to the 
study.  Among them, ninety-six patients 
had mild pre-eclampsia and twenty 

patients had severe pre-eclampsia. The 
control group consisted of one hundred 
sixty-two women with uneventful preg-
nancies. The clinical characteristics of 
the study population are shown in table 
1. The age of patient was between 16 to39 
with the mean age was 26.02 ± 4.72  in the 
control group and  27.27 ± 4.8 and 30.35  
± 4.95 in mild pre-eclampsia and severe 
pre-eclampsia groups respectively.  The 
mean age of severe pre-eclamptic pa-
tients was significantly higher than 
mild pre-eclampsia and control groups 
(p<0.01). Although gravidity, parity, the 
gestational age that triple test performed 
didn’t differ between three groups; there 
were also significant differences between 
groups in regard to blood pressure of 
patients, gestational age at delivery and 
birth weight of their babies. 

The mean hCG in severe pre-eclamp-
sia and mild pre-eclampsia groups was 
3.38 ± 1.80 MoM and 1.40 ± 0.73 MoM 
respectively whereas in the control group 
the mean level was 0.78 ± 0.33 MoM. 
Levels of hCG in the second trimester 
triple test result from women who later 
developed severe pre-eclampsia were 
significantly elevated than control group 
(p<0.01). There were also significant 
differences between severe and mild 
pre-eclampsia and mild and control 
group in respect to serum levels of hCG 
(p<0.01) (Table 1).

The mean value of AFP in the severe 
pre-eclampsia and the mild pre-
eclampsia groups were 1.09 ± 0.42 and 
0.99 ± 0.38 respectively. The AFP MoM 
values were not statistically significant 
between study and control groups (p 
>0.05) (Table 1). Similarly uE3 MoM 
values did not differ between groups (p 
>0.05) (Table 1).

The mean birth weights were 2211.5g 
± 689.5g and 3421.3g ± 504g in the severe 
pre-eclampsia and mild preeclampsia 
groups and 3516.5g ± 462g in control 
group. Similarly, the mean gestational 
age at birth was significantly lower in 
severe pre-eclampsia group than mild 
pre-eclampsia (p<0.01) and control 
groups (p<0.01). 

Among the 278 women in the present 
study population, 32 women had serum 
hCG higher than 2 MoM. Of thirty two 
patients, fifteen patients (75%) were in 
severe pre-eclampsia group, seventeen 
patients (17.7%) in mild pre-eclampsia 
group. Increased hCG was found to be 
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significantly associated with severe 
pre-eclampsia developing later in preg-
nancy.

The mean gestational age at birth and 
mean birth weight of patients whose 
hCG were higher than 2 MoM (n=32) in 
triple test were significantly lower than 
patients with hCG equal or lower than 2 
MoM (p<0.01) (Table 2). 

Discussion
The present study demonstrated that 

women with severe pre-eclampsia ex-
hibit higher serum hCG MoM values 
than healthy controls in the mid-trimes-
ter triple test screening. 

The role of maternal mid-trimester 
serum hCG in prediction of pre-eclampsia 

has been reported in many studies with 
different results. Most studies have 
found a relationship between severe 
pre-eclampsia and elevated serum hCG. 
Several studies concluded that hCG was 
predictive of pre-eclampsia (3,14,15,16). In a 
few studies, there was no relationship 
between hCG in the second trimester 
and development of pre-eclampsia 
(3,17). In the present study, the second 
trimester maternal serum hCG levels in 
patients who subsequently developed 
severe pre-eclampsia were significantly 
higher than those in controls. This study 
confirmed that increased hCG was 
significantly associated with severe pre-
eclampsia later in pregnancy.

In pre-eclampsia, there is an inadeq-

uate trophoblastic invasion of the spiral 
arteries. It was speculated that the re-
active hyperplasia of cytotrophoblastic 
cells to reduced oxygen supply causes 
increased production in hCG in pre-
eclamptic patients(18). It was shown 
that hypoxia increases hCG overpro-
duction in trophoblastic cells cultured 
in vitro(19). The failure of trophoblastic 
invasion causes ischemic damage to the 
syncytiotrophoblast. So changing the 
superficial layer of the syncytiotrophoblast 
causes an increased leakage of placental 
proteins like hCG into the maternal 
circulation. Both increased production 
and leakage into the maternal circulation 
explain the elevated maternal hCG levels 
in pre-eclamptic patients(20).

Clinical and biochemical characteristics of study population according to HCG groups 
Table 2

HCG>2.0 (n=32) HCG≤2.0 (n=246)

Age (year) 28.12±5.39 26.59±4.80
•Gestational Age(week) 17.91±1.20 17.78±1.31
Birth Weight(gram) 2713.43±784.62** 3477.76±505.08**
Timeof Delivery(week) 36.47±2.77** 38.02±1.17**
Gravidity 1.81±1.30 (1) 1.62±0.97 (1)
Parity 0.75±1.13 (0) 0.61±0.92 (0)
AFP(MoM) 1,09±0,45 0,99±0,40
Esradiol(MoM) 1,27±0,70 1,14±0,45

• Gestational Age That Triple Test Performed; ** statistically significant, p<0.01

Clinical characteristics and maternal mean serum AFP and HCG levels for the study population
Table 1

Control (n=162) Mild Pre-eclampsia (n=96) Severe Pre-eclampsia (n=20)

Age(year) 26.02±4.72** 27.27±4.80** 30.35±4.95**

•Gestational Age(week) 17.83±1.35 17.80±1.27 17.50±1.00

Birth Weight(gram) 3516.54±462,85** 3421.35±504,05** 2211.50±689.50**

Time of Delivery (week) 38.06±1.07** 38.12±1.13** 34.70±2.53**

Gravidity 1.54±0,90 (1) 1.77±1.17 (1) 1.80±1.10 (1)

Parity 0.54±0.86 (0) 0.75±1.01 (0) 0.75±1.02 (0)

HCG(MoM) 0,78±0,33** 1,40±0,73** 3,38±1,80**

AFP(MoM) 1,00±0,42 0,99±0,38 1,09±0,42

Esradiol(MoM) 1,16±0,42 1,20±0,45 1,18±0,83

• Gestational Age That Triple Test Performed; ** statistically significant, p<0.01
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Several investigations have studied 
serum hCG threshold levels that predict 
complications of pregnancy including pre-
eclampsia. In many studies, different hCG 
thresholds were used for prediction of pre-
eclampsia or poor pregnancy outcome. 
The commonest hCG thresholds used 
in studies were hCG above 2.0, 2.5, 3.0 
MoM(6,7,8,18). The most accurate predictor 
was hCG>2.0 MoM(21). So in present study, 
we also used hCG>2.0 MoM as threshold 
level for prediction of pre-eclampsia.

In several studies, it was shown that 
elevated maternal serum hCG in the 
second trimester predicted not only de-
velopment of pre-eclampsia later in preg-
nancy, but also some other pregnancy 

complications like stillbirth, intrauterine 
growth restriction, preterm delivery(22, 23, 24)

In many reports, AFP was also studied 
for prediction of pre-eclampsia(25,26). In the 
present study, the second trimester AFP and 
uE3 levels did not predict the third trimester 
pre-eclampsia development. In literature 
results are quite conflicting. Lambert G. 
M. et al(2) found that second trimester AFP 
and uE3 were uninformative for predicting 
pre-eclampsia. François Audibert et al(27) re-
ported that hCG and AFP levels were signifi-
cantly higher in women with pre-eclampsia 
than those control groups. In addition, AFP 
level was found significantly higher in fetal 
demise and severe intrauterine growth 
retardation without pre-eclampsia. 

Stamilo et al(27) reported that AFP was 
not a good marker for prediction of pre-
eclampsia. Our result confirms this sug-
gestion. In a recent study, it was concluded 
that positive predictive value and sensitivity 
of second trimester serum tests using 
in combination were relatively low, but 
superior to individual markers(28).

In summary, the second trimester ma-
ternal serum hCG level in pregnant wo-
men who subsequently developed pre-
eclampsia were significantly higher than 
those in normal pregnant women. The 
present finding suggests that second tri-
mester maternal HCG level can predict 
the subsequent development of pre-
eclampsia.   
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