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Abstract: Birth defects and obstetric complications are medical problems faced by obstetrics and affect the quality of the population. In order to improve the quality of the population, prenatal screening is an effective means
to detect high-risk pregnant women with congenital defects in the fetus or obstetric complications. Serum alphafetoprotein (AFP) and free β-human chorionic gonadotropin (β-hCG) are commonly used for screening in children
with 21-trisomy syndrome and congenital neural tube defects, but their impacts on obstetric complications and
pregnancy outcomes have not yet been fully elucidated. A total of 987 cases of maternal defects were enrolled. Peripheral blood was collected at 15-20 weeks in the second trimester. AFP and β-hCG were detected by time-resolved
fluorescence immunoassay. The associations of AFP and β-hCG with maternal gestational age, body mass index
(BMI), age, pregnancy outcome abortion, pre-term infants, and low birth weight infants were analyzed. The correlation of AFP and β-hCG with obstetric complications, including pregnancy associated with severe anemia, postpartum hemorrhage, placenta previa, and neonatal asphyxia. AFP was positively correlated with gestational age and
BMI (r = 0.321, r = 0.415, P < 0.05). β-hCG was negatively correlated with gestational age and BMI (r = -0.428, r =
-0.255, P < 0.05). AFP and β-hCG were associated with miscarriage, premature infants and low birth weight infants,
postpartum hemorrhage, placenta previa, and neonatal asphyxia (P < 0.05), but not with severe anemia and age
(P > 0.05). AFP and β-hCG can be affected by gestational age and BMI in pregnant women. Their measured values
were related to pregnancy outcomes and obstetric complications, but not to severe anemia.
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Introduction
Birth defects and obstetric complications are
medical problems faced by obstetrics and affect the quality of the population [1, 2]. With
the development and progress of society, the
improvement of people’s living standards, and
the rapid progress in medical diagnosis and
treatment technology, people’s awareness of
prenatal and postnatal care continues to increase. Therefore, the importance of prenatal
screening has been increasingly strengthened
[3]. Prenatal screening is still difficult in China.
The increase in the number of elderly mothers
leads to an enhanced risk of neonatal birth
defects and obstetric complications [4, 5]. In
order to improve the quality of the population,
prenatal screening is an effective method to
detect pregnant women with congenital defects

or possible high-risk of obstetric complications
[6]. General prenatal screening is to detect relevant markers from the peripheral blood of
women in the first or second trimester. The
main tests include 21-triple syndrome [7]. The
general serum markers for screening pregnant
women include pregnancy-associated protein-A
(PAPP-A), AFP, unconjugated estradiol (u-E3),
and free human β-hCG, among which the most
common markers are AFP and β-hCG [8, 9].
AFP is synthesized by the yolk sac in the early
pregnancy, and is mainly synthesized by the
fetal liver after 3 months. AFP is the most common fetal serum specific globulin [10]. AFP has
the effect of preventing immune rejection [11].
AFP in fetal blood begins to increase at 6 weeks
of gestation, reaches a peak at 13 weeks of
gestation, and reduces with time. The maternal

AFP and β-hCG in pregnancy
blood AFP mainly comes from amniotic fluid
and fetal blood and the change trend is similar to that in fetal blood AFP. However, it shows
later peak at 28-32 weeks of gestation and
declines following time, which is later than in
fetal blood [12, 13]. Placental trophoblast placental cells produce human chorionic gonadotropin hCG. Two subunit glycoproteins α and β
constitute hCG, which exist in various forms,
including intact hCG and β chain hCG [14].
Although different forms of hCG have different
activities, β-hCG is a specific type that can be
detected [15]. After entering the mother’s body,
hCG can rapidly increase until the peak at 8
weeks of gestation, then slowly declines to 20
weeks and remains stable. Therefore, the detection rate of β-hCG in the second trimester is
high, which has the advantages of high detection rate and good stability [16]. However, the
effect of maternal serum markers on obstetric
complications and pregnancy outcomes has
not been fully elucidated. Therefore, this study
was to analyze the relationship between AFP
and β-hCG with obstetric complications and
pregnancy outcomes.
Materials and methods
General information
A total of 987 cases of maternal from August
2016 to December 2017 in Sichuan Chengdu
Jinniu District Maternal and Child Healthcare
Hospital were enrolled. All pregnant women
were single pregnancy with mean age of 29 ±
5.6 (22-48) years and average gestational
weeks of 16 ± 2.3 (15-20) weeks. Inclusion and
Exclusion Criteria [4]: the inclusion criteria included monocyesis, Han nationality, met the
prenatal serum screening criteria for pregnant
women in the second trimester, no history of
smoking and drinking, and no fetuses with chromosomal or structural abnormalities. Exclusion criteria included obstetric complications
or severe pathological pregnancy that had been identified before screening, in vitro fertilization for pregnant women, liver and kidney dysfunction or nephritis, malignant tumors, primary hypertension, primary heart disease, and
insulin-dependent diabetes. This study was
approved by the Medical Ethics Committee in
Sichuan Chengdu Jinniu District Maternal and
Child Healthcare Hospital. All selected subjects
had signed informed consent.
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Main reagents and instruments
AFP/free β-hCG double-labelled detection kit
was purchased from PerkinElmer (Finland).
Other commonly used reagents were purchased from Sangon (Shanghai, China). The Wallac 1235 fully automated time-resolved fluorescence immunoassay system was purchased
from PerkinElmer (Finland).
Methods
Sample collection: All selected subjects were
bled 5 ml within 24 hours after admission. The
control group collected blood samples at the
same time. The sample was centrifuged at
3000 rpm for 15 minutes. The serum was
placed in an Eppendorf (EP) tube and stored in
a -80°C freezer.
Clinical information: The general clinical data of
the selected subjects were collected, including
name, date of birth, occupation, contact number, weight, blood pressure, gestational age,
and maternal serum prenatal screening records. Body mass index (BMI = weight in kilograms divided by height in meters squared, kg/
m2).
Sample detection: Time-resolved fluorescence
immunoassay was used to test AFP and free
β-hCG in the study subjects according to the kit
instructions. The AFP and free β-hCG in maternal peripheral blood were measured by a fully
automatic time-resolved fluorescence immunoassay system.
Statistical analysis
All data was analyzed by SPSS 22.0 software.
Measurement data are described as mean ±
standard deviation (± SD) and were compared
using one-way ANOVA and Pearson correlation
analysis. Levels were checked based on α =
0.05. P < 0.05 was considered as a statistically
significant difference.
Results
Analysis of gestational age and AFP in the
second trimester
In this study, AFP was tested in pregnancy
women at 15-20 weeks. The results confirmed
that AFP elevated with the increase of gestational age (Figure 1). There was a positive correlation between AFP and gestational age (r =
0.321, P < 0.05).
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Table 1. Relationship analysis between BMI
and age with AFP and β-hCG in secondtrimester women
AFP
0.415*
0.123

BMI
Age
*

Figure 1. AFP analysis in the second trimester.

β-hCG
-0.255*
0.211

P < 0.05.

tions including severe anemia, postpartum
hemorrhage, placenta previa, and neonatal asphyxia were analyzed. The results reveal that
AFP is associated with miscarriage, pre-term
and low birth weight infants, postpartum hemorrhage, placenta previa, and neonatal asphyxia (P < 0.05), but not with severe anemia (Table
2).
Correlation analysis of β-hCG with obstetric
complications and pregnancy outcomes

Figure 2. Free β-hCG analysis in the second trimester.

Analysis of gestational age and free β-hCG in
the second trimester
In this study, free β-hCG was tested in pregnancy women at 15-20 weeks. The results showed
that free β-hCG declined with the increase of
gestational age (Figure 2). There was a negative correlation between free β-hCG and gestational age (r = -0.428, P < 0.05).
Relationship analysis between BMI and age
with AFP and β-hCG in second-trimester
women
The relationship between AFP and β-hCG was
further explored with BMI and age in second
trimester women. The results demonstrate that there was a positive correlation between AFP
and BMI (r = 0.415, P < 0.05), but there was a
negative correlation between β-hCG and BMI (r
= -0.255, P < 0.05). AFP and β-hCG were not
related to maternal age (P > 0.05) (Table 1).
Correlation analysis of AFP with obstetric complications and pregnancy outcomes
The association between AFP with pregnancy
outcomes including abortion, pre-term and low
birth weight infants, and obstetric complica6028

The association between β-hCG with pregnancy
outcomes including abortion, preterm and low
birth weight infants, and obstetric complications including severe anemia, postpartum hemorrhage, placenta previa, and neonatal asphyxia were analyzed. The results revealed that AFP
is associated with miscarriage, pre-term and
low birth weight infants, postpartum hemorrhage, placenta previa, and neonatal asphyxia
(P < 0.05), but not with severe anemia (Table
3).
Discussion
At present, prenatal screening has attracted
wide attention because of its simple, rapid, and
non-invasive characteristics. The prenatal screening methods are increasingly diversified,
not only serum markers, but also genetic testing [17, 18]. The prenatal screening based on
serum markers is more convenient, low-cos,
and high accuracy. Therefore, it is the first
choice for prenatal screening for pregnant women. It can identify high-risk pregnant women
and maximize reduced birth defects [19]. Currently, maternal serum marker AFP and free
β-hCG are used to screen congenitally deficient
children [20]. However, the correlation between
AFP and free β-hCG with general clinical characteristics of pregnant women, including age,
gestational age, and BMI, has not been fully
understood. This study collected peripheral
blood from pregnant women during the second
trimester and conducted rigorous screening. In
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Table 2. Correlation analysis of AFP with obstetric complications and pregnancy outcomes
Pregnancy outcomes
Abortion
Preterm
Low birth weight
*

n (%)
5 (0.5)
58 (5.8)
62 (6.3)

r
0.452*
0.376*
0.526*

Obstetric complications
Severe anemia
Postpartum hemorrhage
Placenta previa
Neonatal asphyxia

n (%)
32 (3.2)
87 (8.8)
92 (9.3)
78 (7.9)

r
0.115
0.621*
0.386*
0.459*

P < 0.05.

Table 3. Correlation analysis of β-hCG with obstetric complications and pregnancy outcomes
Pregnancy outcomes n (%)
r
Obstetric complications Obstetric complications
Abortion
5 (0.5) 0.311*
Severe anemia
Severe anemia
Preterm
58 (5.8) 0.457* Postpartum hemorrhage Postpartum hemorrhage
Low birth weight
62 (6.3) 0.623*
Placenta previa
Placenta previa
Neonatal asphyxia
Neonatal asphyxia
*

n (%)
32 (3.2)
87 (8.8)
92 (9.3)
78 (7.9)

r
0.107
0.598*
0.316*
0.372*

P < 0.05.

order to prevent genetic or environmental factors, the selection range contained Han populations, while it excluded smoking, insulin-dependent diabetes, and in vitro fertilization. It has
been reported that diabetes may reduce AFP
and free β-hCG concentrations, whereas in
vitro fertilization may affect serum markers due
to the necessity of multiple embryo transfer
and hormone [21, 22].
This study showed that AFP expression elevated, while free β-hCG expression reduced with
the increase of gestational age. It has been
reported that as body weight increases, maternal blood volume elevation diluted serum marker concentrations [23]. However, this study revealed that AFP is positively correlated, whereas β-hCG is negatively correlated with BMI in
pregnant women. AFP in pregnant women’s
blood is the lowest in the early pregnancy and
reaches peak at 28-32 weeks of pregnancy
[12, 13]. Free β-hCG rapidly increased after
entering the mother and then slowly declined
after 20 weeks until the peak at 8 weeks of
gestation [16]. In this study, AFP was positively
correlated, and β-hCG was negatively correlated with gestational age. Age is one of the high
risk factors for pregnant women. Following the
age increase of the mother, the detection rate
of children with congenital defects elevated.
Moreover, age can lead to false positive or detection rates of the results [24]. This study demonstrated that AFP and β-hCG were not associated with the age of the pregnant woman,
suggesting that maternal age is an independent factor affecting children with congenital
defects.
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This study further analyzed the association of
AFP and β-hCG with pregnancy outcomes and
postpartum complications. The results found
that AFP and β-hCG were associated with miscarriage, premature infants and low birth weight infants, postpartum hemorrhage, placenta
previa, and neonatal asphyxia, but not with
severe anemia. It showed that abnormal placenta structure results in placental hypoxia,
destruction of the placental blood vessels, enhanced trophoblast cells secretion, and synthesis, and sustained utero placental blood
vessel hypoxidosis, leading to placental trophoblast cells hypertrophy and excessive secretion of hCG [25]. Enhanced immune response
can also lead to increased free hCG synthesis
and secretion. Amniotic fluid angiogenin further
promotes placental angiogenesis, which can
also cause enhanced hCG secretion [26]. Therefore, an increase in β-hCG is a hallmark of
obstetric complications or pathological pregnancy, and can eventually lead to adverse pregnancy outcomes [27]. In the case of pregnancy,
it can result in an increase in AFP, a miscarriage, preterm infants, or low-quality children.
The proportion of postpartum complications,
postpartum hemorrhage, placenta previa, and
neonatal asphyxia will also increase. Since AFP
has many important physiological functions,
including transport function, bilateral regulatory function as growth regulators, immune suppression, and apoptosis induced by T lymphocytes. AFP is closely related to the occurrence
and development of hepatocellular carcinoma
and many kinds of tumors. It presents high concentrations in many kinds of tumors and can
Int J Clin Exp Med 2020;13(8):6026-6031
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cause misjudgments in the analysis. Therefore,
tumor patients are commonly excluded during
the selection of research subjects [28, 29]. AFP
can enter the maternal blood circulation through the amniotic fluid. In the majority of pregnant women with spina bifida and brainless
children, peripheral AFP level is elevated at
16-18 weeks of gestation, thus has higher
diagnostic value [30]. This study confirmed the
association of AFP with obstetric complications
and pregnancy outcomes. This study explored
the association of AFP and β-hCG with pregnancy outcomes and obstetric complications,
not only provided a theoretical basis for predicting related obstetric diseases, but also extended the clinical application of prenatal screening serum markers. However, the mechanism of AFP and β-hCG on pregnancy outcomes and obstetric complications remains to be
further studied.
Conclusion
AFP and β-hCG can be affected by gestational
age and BMI in pregnant women. Their measured values are related to pregnancy outcomes and obstetric complications, but not to
severe anemia.
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