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Abstract. The aim of the present study was to evaluate the
serum levels of a-fetoprotein (AFP), free-f3-human chorionic
gonadotropin (free-B-hCG) and unconjugated estriol (uE;) in
second trimester maternal serum and comparative analysis of
serum markers levels in normal twin and singleton pregnan-
cies, and to evaluate the feasible methods for the screening
performances of triple markers in twin pregnancy. The levels
of maternal serum markers were measured by magnetic
microparticle chemiluminescence immunoassay in the second
trimester. TCSoft was used for calculating the risk of Down's
syndrome (DS). The marker levels were compared between the
twin and singleton pregnancies, along with gestational age, and
the weight or age of the pregnant women. The concentrations
of the maternal serum markers were higher on average in twin
compared to in singleton pregnancies in the second trimester
of the gestation. The levels of AFP were 2-fold higher in twin
compared to those in singleton pregnancies in weeks 16, 17 and
total gestational weeks. For free-f-hCG, the levels were higher
in 15 and 18 gestational weeks. However, significant differ-
ences were found in all the gestational weeks for uE;. There
was no correlation between the levels of markers and weight or
age in the twin pregnancies. The serum marker levels of AFP,
free-p-hCG and uE, in normal twins were not all 2-fold higher
compared to singleton pregnancies. The current singleton gesta-
tional age-specific model for DS screening requires further
correction so that it is feasible for screening in twin pregnancies.

Introduction

The combined test [maternal serum markers, including
a-fetoprotein (AFP), free--human chorionic gonadotropin
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(free-p-hCG) and unconjugated estriol (uE;) or inhibin A,
combined with gestational age and maternal weight or age] for
Down's syndrome (DS) is now well established for singleton
pregnant women (1). Although serum markers for triple DS
screening are also available in twin pregnancies, the screening
of the DS risk in twin pregnancies is according to the singleton
pregnant woman database. Therefore, the screening of the DS
risk in twins has a higher false-positive rate (2,3).

There is a significant difference in the biochemical
marker distribution between twin and singleton pregnancies.
Therefore, the present study aimed to compare the serum
markers levels (including AFP, free-f-hCG and uE,) in normal
twin and singleton pregnancies during the second trimester in
Chinese patients. The distribution of the serum markers and
possible differences between singleton and twin pregnancies
were investigated to provide more available information for
triple screening in twin pregnancies. The aim of the present
study is to provide information to establish the maternal serum
screening tests specific for twin pregnancies in a Chinese
population based on the local twin pregnant women database.

Materials and methods

Pregnant women. The study was conducted in the Fourth
People's Hospital of Wuxi (The Affiliated Hospital of Jiangnan
University, Wuxi, Jiangsu, China), between June 2008 and
November 2013. In total, 33,394 pregnant women from
the Wuxi region checked into the hospital in gestational
weeks 15-20 and were enrolled in the study. A total of 36 cases
were proved to have chromosome abnormalities, of which there
were 27 cases of 21-trisomy syndrome, 5 cases of neural tube
defect (NTD) and 4 cases of trisomy 18 (Edwards syndrome)
excluded. There were 166 women with normal twin pregnan-
cies and 33,192 women with normal singleton pregnancies,
which were recorded as spontaneous pregnancies and received
care in the antenatal clinics. The estimated gestational ages
were determined by ultrasonic B-mode measurement of the
fetal crown-rump length. In the twin pregnancies, the longest
axis of the fetus was used to estimate the gestational age of
the pregnancy. In addition, the fetal number was confirmed
by ultrasound and validated following delivery. The study
protocol was approved by the Ethics Committee of the Fourth
People's Hospital of Wuxi, and all the women provided
informed consent.
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Table I. Distributions of maternal age and maternal weight.

REN et al: SERUM LEVELS OF AFP, FREE--HCG AND uE; IN NORMAL TWINS

Singleton pregnancy

Twin pregnancy

Gestational

ages weeks  Cases,n  Median age, years =~ Median weight, kg Cases, n Median age, years ~ Median weight, kg

15 2475 255 549 12 248 58.8

16 4932 264 56.0 21 26.8 539

17 10,237 26.5 563 41 27.1 59.6

18 6,380 26.5 56.7 32 270 60.3

19 5,398 26.6 58.1 31 270 59.9

20 2919 26.5 573 25 30.0 58.2

Total 33,192 264 56.6 166 272 58.8
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DXI800; Beckman Coulter, Brea, CA, USA). The inter- and = 0 L L L L L —
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intra-assay precision were all <3.0% for AFP, free-B-hCG
and uE;. Shanghai Tianchen Computer Software Co., Ltd.
(TCSoft, Shanghai, China) was used for prenatal screening for
DS. Serum markers levels were compared between the twin
and singleton pregnancies using the gestational age-specific
model.

Statistical analysis. Statistical evaluation was performed
using the SPSS software version 17.0 (SPSS, Inc., Chicago,
IL, USA). Serum marker levels are shown as the median. The
Mann-Whitney test was used to compare the levels of serum
AFP or free-p3-HCG or uE, in twin and singleton pregnancies at
different gestational ages. The correlations between the levels
of maternal serum AFP or free-B-hCG or uE, and maternal
weight were evaluated using regressive analysis. P<0.05 was
considered to indicate a statistically significant difference.

Results

Pregnant women characteristics. Pregnant women were
followed up for 6 months after childbirth. No childbirth with
DS was identified except for one abnormal twin pregnancy
with fetus trisomy 18 and 35 singleton pregnancies including
27 cases of trisomy 21,4 cases of trisomy 18 and 5 cases of NTD.
DS cases were excluded. The mean age of 166 pregnant women
with twin pregnancy was 27.2 years old (range, 20-40 years),
significantly higher than that of the 33,192 singleton controls
(26.4 years, range 19-40 years) (P<0.05) (Table I). The mean
weight of the twin pregnancy women was 58.8 kg, signifi-
cantly higher than that of the singleton pregnancy (56.6 kg,
P<0.05) (Table I).

Serum levels of AFP, free--hCG and uE; in the second
trimester maternal serum. Table II shows the median of the

Gestational age (weeks)

Figure 1. Median values of maternal serum a-fetoprotein (AFP) in twin and
singleton pregnant women. The levels of maternal serum AFP in twins were
almost twice those in singletons, except for at weeks 16, 17 and the total
gestational weeks. There were significant differences in weeks 16, 17 and
total gestational weeks (P<0.05 for all).

maternal serum markers levels. Compared with the normal
singleton pregnancies, the medians of the gestational-specific
maternal serum marker levels were higher in the twin preg-
nancies at 15-20 weeks of gestation (P<0.05 for all) (Table II).
There were similar fluctuations of serum AFP, free-f-hCG and
uE; in the twins and singletons during normal pregnancy. From
15-20 gestational weeks, the concentrations of maternal serum
AFP and uE; increased, except for the AFP levels at 18 gesta-
tional weeks, which were 102.4 ng/ml in the twin pregnancies
and <108.3 ng/ml at 17 weeks, whereas free-p-hCG levels
were reduced in the singleton and twin pregnancies. The levels
of gestational age-specific maternal serum AFP and (3-hCG in
twins were almost 2-fold compared to those in the singleton
pregnancies, except for at 16, 17 and total gestational weeks
for AFP and 15 and 18 gestational weeks for free-B-hCG
(Figs. 1 and 2). However, uE; was not 2-fold higher than those
in the singleton pregnancies (Fig. 3).

Correlation between the levels of markers and weight or
age in second trimester maternal. The level of maternal
serum markers in the singleton pregnancies showed a posi-
tive correlation with the maternal weights for AFP and uE;,
and a negative correlation for free-f-hCG, except in 20 weeks
of gestation. However, in the twin pregnancies, the maternal
serum marker levels were not correlated with weight, except
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Table II. Gestational age-specific medians of AFP, free-B-hCG and uEj;.
AFP, ng/ml Free-B-hCG, mIU/ml uE,, ng/ml Cases, n

Gestational
ages weeks Twin Singleton Twin Singleton Twin Singleton Twin Singleton
15 744 35.7 129,281 48,979 1.28 0.86 12 2475
16 107.4 41.1 74,046 34,292 2.03 1.17 21 4932
17 109.3 46.8 60,164 28,938 2.55 1.47 41 10,237
18 1024 53.1 59,711 25,758 2.62 1.78 32 6,380
19 126.8 61.1 42,202 23,589 3.65 2.10 31 5,398
20 136.8 71.6 41,172 22,119 3.76 2.40 25 2919
Total 110.7 49.7 59,218 27,695 2.67 1.58 166 33,192

P<0.05 vs. singleton control for all groups. All the values of gestational-specific maternal serum AFP, free-3-HCG and uE; in twin pregnancies
were higher than those in singleton pregnancies between 15-20 weeks of gestation. AFP, a-fetoprotein; free-B-HCG, free-f3-human chorionic

gonadotropin; uE;, unconjugated estriol.
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Figure 2. Median values of maternal serum free--human chorionic
gonadotropin (free-f-hCG) in twin and singleton pregnant women. The
concentrations of maternal serum free-f3-hCG were reduced in singleton and
twin pregnancies, and the median values in twins were almost twice those in
singletons, excepting in gestational weeks 15 and 18 (P<0.05 for both).

for AFP in 16 and 17 weeks, free-B-hCG in 18-19 weeks and
uE; in 16-18 weeks. In addition, there were no significant
correlations between the levels of markers and age throughout
the second trimester. According to a previous study, the risk of
gestational diabetes mellitus may be similar between pregnant
women with singleton and twin pregnancies, thus the data of
diabetes was not assessed in the present analysis (4).

Discussion

Currently, the basic premise for clinical management of DS in
pregnancy is an accurate laboratory measurement of maternal
serum markers. Due to different serum marker levels and body
parameters between twins and singleton pregnant women,
establishing an age-specific mid-trimester normal median of
the serum markers according to local region in a twin preg-
nant women database for DS screening in twin pregnancies is
required.

Recently, several studies have already investigated the
maternal serum AFP and free-B-hCG levels in normal twin
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Figure 3. Median values of maternal serum unconjugated estriol (UE;) in twin
and singleton pregnant women. The gestational age-specific levels of uE; in
normal twins were not twice those in singletons at any week (P<0.05 for all).

and singleton pregnancies. However, the majority of the
studies were based on the singleton gestational age-specific
model for DS screening. The association of maternal serum
markers between normal twin and singleton pregnancies
remains controversial (3,5). The aim of the present study was to
evaluate the distributions of AFP, free-f-hCG and uE; during
the second trimester of gestation and investigate whether these
markers in normal twins were 2-fold those in singletons and
whether the singleton gestational age-specific model for DS
screening was feasible for twin pregnancies.

Huang et al (6) reported that maternal serum screening for
DS in twin pregnancies was feasible based on the software
designed for singletons (7,8). However, there was a lower sensi-
tivity of screening in twins compared to singletons. Partially,
there was a high false-positive rate in DS screening for twin
pregnancies (9). Therefore, there is an increasing awareness of
the importance of establishing a feasible evaluation standard
for utilizing these markers in DS screening for twin pregnancy.
Due to the high false-positive rate in DS screening for twin
pregnancies, a number of normal twin pregnant women could
undergo amniocentesis for gene diagnosis.

In the present study, the median of the gestational-specific
maternal serum marker levels in the singleton pregnancies
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were significantly lower compared to those in the twin preg-
nancies at each week from 15-20 gestational weeks (P<0.05 for
all) (Table II). From 15-20 gestational weeks, the concentra-
tions of maternal serum AFP and uE; were increased, except
for the AFP levels in twin pregnancies were 102.4 ng/ml at
18 gestational weeks, and <108.3 ng/ml at 17 weeks, whereas
free-B-hCG declined in the twin and singleton pregnancies.
The ratios of AFP levels in twins to those in singletons
were from 1.91 to 2.61, the ratios of free-f-hCG levels were
from 1.79 to 2.64, and uE, levels were from 1.47 to 1.74
during 15-20 weeks of gestation. Xie et al (2) also reported
a similar conclusion. Notably, there were significant differ-
ences of 2-fold in several gestational weeks between the
values of maternal markers in twin pregnancies to those in
singleton pregnancies. These findings suggest that the current
maternal serum-screening programs, which are based on the
data collected from singleton pregnancies, appear to not be
acceptable for DS screening in twin pregnancies. Therefore, it
is necessary to establish a maternal serum screening program
for Chinese twin pregnancies based on the local twin pregnant
woman database.

A multiple of the median (MoM) is a measure of how
far an individual study result deviates from the median. In
theory, all MoMs of maternal serum AFP, free-f-hCG and
uE; in normal singleton pregnancies were ~1 and 2 MoMs in
normal twin pregnancies (10,11). The present data also showed
a similar conclusion. However, a bias of the markers during
15-20 gestational weeks in twin pregnancies was observed.
The screening of the DS risk in twin pregnancies based on the
software designed for singletons may be one of the reasons.
Similarly, if screening for DS in twin pregnancies based on the
software designed for twins, the medians of maternal serum
AFP, free-f-hCG and uE; in normal twin pregnancies should
be close to 1 MoM and normal distribution. In this way, it will
provide an effective screening method for the DS risk in twin
pregnancies.

It is well known that numerous maternal factors, such
as weight and age, significantly influence the result of DS
screening (12,13). A woman who is older at the time of delivery
has a higher risk of having a child with DS. In the present
study, the mean age of the twin pregnancy women was signifi-
cantly higher than that of the singleton controls. A number of
maternal and fetal factors significantly influence the weight.
This is likely to be as a result of the more complicated changes
of the amniotic fluid and fetus weight in twin pregnancies
compared to those in singleton pregnancies (14,15). However,
there were no associations between the maternal weights and
maternal serum markers in twin pregnancies in the majority of
gestational weeks according to the present data. This may be
due to the smaller number of cases for the twin data.

In conclusion, the median levels of maternal serum AFP,
free-p-hCG and uE, were higher in the twin pregnancies
compared to those in the singleton pregnancies in gesta-
tion weeks 15-20. The median levels of the maternal serum
AFP, free-p-hCG and uE, in normal twins were not all twice
as high as those in singletons. In such circumstances, DS
screening in the second trimester for twin pregnancies based
on the software designed for singletons may lead to a higher
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false-negative or false-positive in the risk estimation. It may
be advisable to establish a twin gestational age-specific model
for DS screening according to a local Chinese twin pregnant
women database for DS screening in twin pregnancies.
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