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A B S T R A C T

Background: We examined the associations between Down's serum screening analytes and pregnancy outcomes
in Chinese women.
Methods: A retrospective cohort study of 2470 pregnant women was conducted. Maternal serum triple tests
(AFP, fβ-hCG, uE3), maternal characteristics and pregnancy outcomes were recorded from our prenatal
screening and hospitalization information system, respectively.
Results: The elevated concentration of uE3 in the early-second trimester was associated with increased risk of
LGA infants and macrosomia, decreased risk of PE and small SGA infants (for LGA: OR: 1.34, 95% CI: 1.09–1.65;
for macrosomia: OR:1.39, 95% CI: 1.08–1.78; for PE: OR: 0.61, 95% CI: 0.40–0.95; for SGA: OR: 0.35, 95% CI:
0.25–0.49). The increased ratio of AFP/uE3 was associated with reduced risk of GDM in the study populations
(BMI≥ 25; OR: 0.96, 95% CI: 0.0.93–1.00). The higher ratio of AFP/fβ-hCG+uE3 associated with increased
risk of SGA infants and ICP in these subjects (BMI≥ 25) was also observed (for SGA: OR: 1.11, 95% CI:
1.03–1.18; for ICP: OR: 1.27, 95% CI: 1.06–1.53).
Conclusions: Down's serum screening analytes were associated with pregnancy outcomes in Chinese population
and might provide an alternative tools for risk estimates on these unfavorable outcomes.

1. Introduction

Serum screening tests for Down's syndrome in the early second-tri-
mester are routinely provided to pregnant women in western countries
and China, including the double test [α-fetoprotein (AFP), free β-
human chorionic gonadotropin (fβ-hCG)], the triple test with the ad-
dition of unconjugated estriol (uE3) and the quadruple test added by
inhibin A [1,2].

These associations between maternal serum concentrations of these
biochemical markers and abnormal pregnancy outcomes in addition to
aneuploidy and open neural tube defects, such as pre-eclampsia (PE),
fetal growth restriction (FGR), and preterm birth (PTB), have been

reported by most previous studies [3–7]. However, there is still dis-
agreement about their predictive values for the specific complications,
and AFP and fβ-hCG are regarded as limited predictors of pregnancy
complications [8,9]. Moreover, there is controversy about the associa-
tion of abnormal concentrations of uE3 with unfavorable perinatal
outcomes. For example, no correlation between elevated uE3 con-
centration and PTB was reported by Jelliffe-Pawlowski et al., however,
Oslen et al. observed a direct linkage between high maternal serum uE3
concentrations and a higher incidence of PTB [10,11]. On the other
hand, limited data have been published regarding the role of triple
screen for Down syndrome in second-trimester as a predicting tool for
pregnancy outcomes in Chinese pregnant women.
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In this observational study, we retrospectively investigated the po-
tential associations between maternal concentrations of Down's serum
screening analytes and detailed unfavorable obstetric outcomes in-
cluding main pregnancy complications [gestational diabetes mellitus
(GDM), intrahepatic cholestasis of pregnancy (ICP), PE, pregnancy-in-
duced hypertension (PIH)] and perinatal outcomes [PTB, small for ge-
stational age (SGA), and large for gestational age (LGA) infants, mac-
rosomia].

2. Materials and methods

2.1. Study participants enrollment

A total of 2634 consecutive pregnant women who received routine
screening for Down's syndrome and gave birth at Changzhou Maternity
and Child Health Care Hospital was recruited in this retrospective ob-
servational cohort study from October 2015 to March 2017. The study
protocol was approved by the ethics committee of Changzhou
Maternity and Child Health Care Hospital. The written informed con-
sent was obtained from all participants included in the study. The co-
hort was established based on following inclusion and exclusion cri-
teria. Inclusion criteria included: 1) pregnancy at 16–18 gestational
weeks; 2) integrated and clear medical records; 3) singleton pregnancy
and live birth born without birth defects; 4) natural conception.
Exclusion criteria were: 1) multiple pregnancy; 2) conception with as-
sisted reproductive technology; 3) diabetes mellitus (type 1 or 2),
chronic hypertension, thyroid diseases, chronic heart, liver and kidney
diseases, immune rheumatic disease or thyroid diseases and syphilis
before pregnancy; 4) cigarette smoking and alcohol drinking during
pregnancy. Sixty-three of the 2634 observational subjects were ex-
cluded as they conceived with assisted reproductive technology. Also
excluded were 101 cases for thyroid diseases (n=45), chronic heart,
liver and kidney diseases (n= 22), diabetes mellitus and chronic hy-
pertension (n= 18), immune rheumatic disease (n=10), and syphilis
(n= 6). These diseases were regarded as potential confounders leading
to adverse pregnancy outcomes and therefore were excluded. Finally, a
total of 2470 eligible pregnant women was included in this retro-
spectively observational study. Data of maternal gestational age,
height, weight at delivery, gravidity, parity, history of important pre-
gestational diseases, history of cigarette smoking and alcohol con-
sumption, pregnancy complications, delivery mode, perinatal outcomes
including newborn birth weight and sex was reviewed and collected
from our hospitalization information system. Information on maternal
age, gestational age and BMI at Down's syndrome screening were re-
corded from the prenatal screening system. None of the observational
subjects smoked and drank alcohol during gestation.

2.2. Laboratory measurements

For Down's syndrome screening, serum samples from were routinely
collected at 16th–20th weeks of gestation, and prepared in according
with the standard operating procedure. The maternal serum triple tests
(AFP, uE3, fβ-hCG) were performed by an automatic time-resolved
fluorescence immunoassay (Wallac) using commercial kits (for AFP and
fβ-hCG: B067-101Z; for uE3: B083-301Z, Perkin-Elmer). The inter- and
intra-assay CVs for AFP, fβ-hCG and uE3 were< 2%,<3% and<5%,
respectively.

2.3. Diagnosis criteria of the outcomes

GDM was diagnosed using a 75 g oral glucose tolerance test (OGTT)
at 24–28weeks gestation with the International Association of Diabetic
Pregnancy Study Group (IADPSG) criteria [12]. ICP is always found in
the third trimester with characterization of jaundice and pruritus. The
diagnosis of ICP was relied on abnormal tests of liver function and in-
creased serum bile acids [13]. Previously normotensive pregnant

women with a new-onset hypertension (systolic blood pres-
sure≥ 140mmHg and/or diastolic blood pressure≥ 90mmHg) devel-
oped after 20 weeks of gestation combined with or without significant
proteinuria (≥300mg/24 h) were diagnosed with PE and PIH, re-
spectively [14]. PTB was diagnosed as having a birth happened at< 37
gestational weeks. According to a reference curve described in a recent
Chinese cohort study, SGA and LGA referred to infants whose birth
weights were respectively< 10th and> the 90th percentile by gesta-
tional age [15]. Macrosomia was defined as birth weight > 4000 g.

2.4. Statistical analysis

Continuous variables with skewed distribution and categorical
variables were presented as median (interquartile range, IQR) and N
(%), respectively. To compare differences of these non-normally dis-
tributed continuous variables in according with pregnancy complica-
tions and prenatal outcomes, the Mann-Whitney U test was performed.
Comparison of these categorical variables was applied using the X2 test.
Logistic regression analysis adjusting for potential confounders was
used to assess the associations between the concentrations of serum
markers screening for Down's syndrome and pregnancy outcomes.
GDM, ICP, PE, PIH and SGA, LGA, macrosomia, PTB were respectively
considered as main pregnancy complications and abnormal perinatal
outcomes. The odds ratios (ORs) and 95% confidence intervals (CIs) for
these pregnancy complications were calculated controlling for maternal
age, gravidity, parity, gestational age and BMI at Down's syndrome
Screening etc. The parameters of PTB were additionally corrected for
pregnancy complications, systolic and diastolic BP at delivery.
Additionally, the values of SGA, LGA and macrosomia were corrected
for gestational weight gain, gestational week and BMI at delivery and
infant sex. General linear analysis were used to evaluate the association
between fetal birth weight and the concentrations of maternal Down's
serum screening analytes in the early-second trimester. The statistical
analyses were applied with SPSS 22 statistical software. All P < 0.05
were defined statistically significant.

3. Results

3.1. Summary of the study population

The detailed characteristics of mother and their infants according to
pregnancy complications and perinatal outcomes were described in
Tables 1 and 2, respectively. The incidence of GDM, ICP, PE and PIH in
our study were 7.37%, 5.18%, 4.13% and 2.02%, respectively. Forty-
three cases had more than one kind of complications. Of the 2470
singleton live births, 209 (8.46%) and 365 (14.78%) were classified as
SGA and LGA infants, respectively. 63.16% of SGA infants were female
while 65.21% of LGA babies were male. Compared with non-pregnancy
complications (NPC) group, BMI at Down's syndrome screening and at
delivery, blood pressure at delivery were significantly higher in GDM,
PE and PIH groups. GDM group had significantly increasing incidence
of LGA infants and macrosomia as compared to the NPC group. On the
contrary, higher incidence of SGA and low birthweight infants (birth
weight < 2500 g) was observed in the PE group as compared to the
NPC group.

3.2. Maternal serum uE3, AFP and fβ-hCG concentrations

The concentrations of serum markers screening for Down's syn-
drome in the early second trimester by pregnancy complications and
perinatal outcomes were respectively presented in Tables 3 and 4. The
concentrations of uE3 and AFP in maternal serum were significantly
lower in the GDM than in the NPC group [median (IQR) for uE3: 1.77
(1.43–2.16) ng/ml vs. 1.89 (1.50–2.36) ng/ml, P < 0.01; for AFP:
43.99 (34.72–54.32) ng/ml, vs. 48.40 (38.64–61.46) ng/ml, P < 0.01,
respectively]. Also, the PE group had statistically significantly lower
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concentration of uE3 than the NPC group [median (IQR) for uE3: 1.71
(1.40–2.10) ng/ml vs. 1.89 (1.50–2.36) ng/ml, P < 0.01]. However,
the concentrations of uE3 and AFP in the ICP group were significantly
higher than those in the NPC group [median (IQR) for uE3: 2.03
(1.65–2.58) ng/ml vs. 1.89 (1.50–2.36) ng/ml, P < 0.01; for AFP:
53.75 (43.53–67.58) ng/ml, vs. 48.40 (38.64–61.46) ng/mL, P < 0.01,
respectively]. The increased AFP/fβ-hCG and AFP/fβ-hCG+uE3 ratios
were also presented in the ICP group. There was no significant differ-
ence in three biomarkers and their ratios between NPC group and PIH
group. Table 4 showed that both AFP concentration and these ratios of
AFP/fβ-hCG and AFP/fβ-hCG+uE3 in the PTB group were sig-
nificantly higher than those in the FTB group [median (IQR) for AFP:
54.33 (38.64–65.36) ng/ml, vs. 48.04 (38.38–61.00) ng/ml, P < 0.05;
for AFP/fβ-hCG: 4.80 (2.73–7.58) vs. 3.94 (2.50–5.98); for AFP/fβ-
hCG+uE3: 4.04(2.43–5.62) vs.3.39(2.25–4.85), respectively]. Com-
pared with the appropriate for gestational age (AGA) group, the con-
centration of uE3 in the SGA group decreased and the AFP/uE3 ratio
increased, significantly. In addition, the higher uE3 concentration and
the lower ratio of AFP/uE3 were found in the LGA group by comparison
with AGA group. However, there was no significant difference between
LGA group and AGA group.

3.3. Associations between serum markers screening for Down's syndrome
and abnormal pregnancy outcomes

Table 5 presented the associations between serum markers

screening for Down's syndrome in the early second trimester and
pregnancy complications. The results showed that the elevated con-
centration of uE3 in the early-second trimester was associated with
increased risk of LGA and macrosomia, decreased risk of PE and SGA
(for LGA: OR: 1.34, 95% CI: 1.09–1.65; for macrosomia: OR: 1.39, 95%
CI: 1.08–1.78; for PE: OR: 0.61, 95% CI: 0.40–0.95; for SGA: OR: 0.35,
95% CI: 0.25–0.49). Also, SGA was significantly associated with the
increased ratios of AFP/fβ-hCG, AFP/uE3 and AFP/fβ-hCG+uE3 ((OR:
1.06, 95% CI: 1.01–1.10; OR: 1.03, 95% CI: 1.02–1.05; OR: 1.11, 95%
CI: 1.03–1.18), respectively). The increased ratio of AFP/uE3 was also
significantly associated with an elevated risk of PE and PTB (all OR:
1.01, 95% CI: 1.00–1.02), a reduced risk of GDM in the study popula-
tions who had a parameter of BMI ≥25 at Down's syndrome screening
(OR: 0.96, 95% CI: 0.93–1.00). Additionally, the high ratio of AFP/fβ-
hCG+uE3 associated with increased risk of ICP was found in these
study objects whose BMI of Down's syndrome screening was ≥25 (OR:
1.27, 95% CI: 1.06–1.53). In contrast, these significant associations
between PIH and the concentrations of serum biomarkers screening for
Down's syndrome was not observed.

Table 6 showed regression coefficients for maternal Down's serum
screening analytes concentrations with neonatal birth weight. No sig-
nificantly statistical associations of maternal serum AFP concentrations
with fetal birth weight was found in our study. The neonatal birth
weight was significantly positive correlated with maternal uE3 and fβ-
hCG concentrations at Down's syndrome Screening (for uE3: β: 88.95,
95% CI: 63.80–114.10; for fβ-hCG: β: 2.14, 95% CI: 0.89–3.39).

Table 1
Maternal and fetal characteristics in the study populations according to pregnancy complications.

NPC GDM ICP PE PIH

Subjects [N(%)] 2051 (83.04) 182 (7.37) 128 (5.18) 102 (4.13) 50 (2.02)
Maternal age at delivery (years) 28 (26–30) 29 (27–31)⁎⁎ 27 (26–29) 27 (25–30) 28 (26–29)

<20 [N(%)] 12 (0.59) 0 1 (0.78) 1 (0.98) 0
20–34 [N(%)] 2035 (98.63) 181 (99.45) 127 (98.22) 100 (98.04) 50 (100)
≥35 [N(%)] 16 (0.78) 1 (0.55) 0 1 (0.98) 0

BMI at delivery (kg/m2) 26.93 (25–29.17) 28.01 (25.39–30.36)⁎⁎ 26.31 (24.48–28.96) 29.36 (26.37–31.81)⁎⁎ 29.05 (27.63–32.37)⁎⁎

BMI at Down's syndrome screening (kg/m2) 21.67 (19.92–23.63) 23.48 (21.30–26.22)⁎⁎ 21.08 (19.64–23.22)⁎ 23.78 (21.66–26.91)⁎⁎ 24.28 (21.80–27.34)⁎⁎

<25 [N(%)] 1735 (84.59) 117 (64.29)⁎⁎ 112 (87.5) 62 (60.78)⁎⁎ 30 (60)⁎⁎

≥25 [N(%)] 316 (15.41) 65 (35.71)⁎⁎ 16 (12.5) 40 (39.22)⁎⁎ 20 (40)⁎⁎

Gravidity 2 (1–2) 2 (1–3) 1 (1–2) 2 (1–2) 1 (1–2)⁎⁎

<3 [N(%)] 1572 (76.65) 124 (68.13)⁎ 67 (52.34) 80 (78.43) 41 (82)
≥3 [N(%)] 479 (23.35) 58 (31.87)⁎ 61 (47.66) 22 (21.57) 9 (18)

Parity 1 (1–2) 1 (1–3) 1 (1–2) 1 (1–2) 1 (1–1)⁎⁎

No child [N(%)] 1316 (64.16) 112 (61.54) 87 (67.97) 75 (73.53) 43 (86)⁎⁎

≥1 child [N(%)] 735 (35.84) 70 (38.56) 41 (32.03) 27 (26.47) 7 (14)⁎⁎

Gestational weight gain (kg)a 13.1 (10.5–16) 10.8 (8–13)⁎⁎ 12.45 (10–16) 13 (9.5–16.6) 14.55 (11.7–18)
Gestational age at Down's syndrome screening (day) 122 (118–126) 121 (118–125)⁎ 124 (119–128)⁎⁎ 122 (117–125) 122 (118–126)
Gestational age at delivery (week) 39 (38–40) 39 (38–40)⁎⁎ 39 (38–40) 38 (37–40)⁎⁎ 39 (38–40)
Systolic BP at delivery (mmHg) 118 (110–127) 121 (110−130)⁎⁎ 121 (110–130)⁎⁎ 145 (138–156)⁎⁎ 140 (134–145)⁎⁎

Diastolic BP at delivery (mmHg) 70 (70–78) 73 (70–81)⁎⁎ 72 (70–80) 91 (84–100)⁎⁎ 87 (80–92)⁎⁎

Delivery mode
Vaginal delivery 1118 (54.51) 75 (41.21)⁎⁎ 68 (53.13) 35 (34.31)⁎⁎ 31 (62.00)
Cesarean section 933 (45.49) 107 (58.79)⁎⁎ 60 (46.87) 67 (65.69)⁎⁎ 19 (38.00)

PTB 63 (3.07) 7 (3.85) 9 (7.03)⁎ 21 (20.59)⁎⁎ 1 (2.00)
FTB 1988 (96.93) 175 (96.15) 119 (92.97)⁎ 81 (79.41)⁎⁎ 49 (98.00)
Infant's sex
Female 977 (47.64) 84 (46.15) 62 (48.44) 49 (48.04) 21 (42)
Male 1074 (52.36) 98 (53.85) 66 (51.56) 53 (51.96) 29 (58)

Fetal birth weight (gram) 3400 (3130–3660) 3440 (3103–3823) 3355 (3055–3708) 3120 (2698–3500)⁎⁎ 3405 (3143–3713)
<2500 54 (2.63%) 1 (0.55) 7 (5.47) 16 (15.69)⁎⁎ 2 (4.00)
2500–4000 1837 (89.57%) 155 (85.16) 111 (86.72) 82 (80.39)⁎⁎ 43 (86.00)
>4000 160 (7.80%) 26 (14.29)⁎⁎ 10 (7.81) 4 (3.92) 5 (10.00)

Weight for gestational age
SGA 171 (8.34%) 9 (4.95) 15 (11.72) 18 (17.65)⁎⁎ 2 (4.00)
AGA 1597 (77.86%) 126 (69.23) 91 (71.09) 70 (70.59) 43 (86.00)
LGA 283 (13.80%) 47 (25.82)⁎⁎ 22 (17.19) 12 (11.76) 5 (10.00)

Notes: Data was presented as median (IQR) or N(%). ⁎P < 0.05, ⁎⁎P < 0.01, compared with NPC group.
Abbreviations: IQR, interquartile range; NPC, non-pregnancy complication; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, Pre-
eclampsia; PIH, pregnancy-induced hypertension; BMI, body mass index; BP, blood pressure; PTB, pre-term birth; FTB, full term birth; SGA/AGA/LGA small/
appropriate/large for gestational age.

a Gestational weight gain in pregnancy from Down's syndrome Screening to delivery.
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Furthermore, birth weight was negatively correlated with the ratios of
AFP/uE3, AFP/fβ-hCG and AFP/fβ-hCG+uE3 (for AFP/uE3: β: -3.28,
95% CI: -4.42 to -2.13; for AFP/fβ-hCG: β: -5.81, 95% CI: -10.08 to
-1.55; for AFP/fβ-hCG+uE3: β: -10.08, 95% CI: -17.10 to -3.07).

4. Discussion

The fβ-hCG and uE3 are secreted by the placenta and the transfer of
AFP into the maternal peripheral blood is also tightly regulated by the
placenta. Disorders of placenta in function can contribute to both ab-
normal concentrations of these biochemical analytes and unfavorable
pregnancy outcomes. In our retrospective study, we not only in-
vestigated these associations of pregnancy outcomes with abnormalities

of AFP and fβ-hCG, which have been widely reported, but also de-
termined the correlation between maternal uE3 concentrations and
adverse obstetric outcomes described by few published data [16–18].
This study verified maternal uE3 concentrations in the early second
trimester were negatively associated with the risk of PE and SGA infants
in Chinese population, which was consistent with previous reports in
other ethnicities/races [19]. Furthermore, our study suggested ma-
ternal high uE3 concentrations were significantly associated with in-
creased risk for LGA babies and macrosomia. As we know, this is the
earlier retrospective study correlated increased uE3 concentrations in
the second trimester with LGA infants and macrosomia. Also, we report
earlier the relationship between the AFP/uE3 ratio and adverse preg-
nancy outcomes, including GDM, PE, PTB and SGA.

Table 2
Maternal and neonatal characteristics in the study populations in according to perinatal outcomes.

FTB PTBb AGA SGAc LGAc

Subjects [N(%)] 2376 (96.19) 94 (3.81) 1896 (76.76) 209 (8.46) 365 (14.78)
Maternal age at delivery (y) 28 (26–30) 27 (25–29) 27 (26–30) 27 (25–29) 28 (26–31)⁎⁎

<20 [N(%)] 14 (0.59) 0 9 (0.47) 3 (1.44) 2 (0.55)
20–34 [N(%)] 2345(98.70) 93 (98.94) 1875 (98.90) 204 (97.61) 359 (98.36)
≥35 [N(%)] 17 (0.71) 1 (1.06) 12 (0.63) 2 (0.95) 4 (1.09)

BMI at delivery (kg/m2) 27.05 (25.12–29.34) 26.35 (24.18–29.81) 26.9 (25.00–29.07) 25.65 (23.63–28.09)⁎⁎ 28.56 (26.64–31.18)⁎⁎

BMI at Down's syndrome screening (kg/m2) 21.83 (20.04–23.95) 21.92 (19.94–25.71) 21.72 (19.97–23.83) 20.76 (19.27–22.53)⁎⁎ 23.13 (21.30–25.55)⁎⁎

<25 [N(%)] 1966 (82.74) 68 (72.34)⁎ 1585 (83.60) 192 (91.87)⁎⁎ 257 (70.41)⁎⁎

≥25 [N(%)] 410 (17.36) 26 (27.66)⁎ 311 (16.40) 17 (8.13)⁎⁎ 108 (29.59)⁎⁎

Gravidity 2 (1–2) 2 (1–2) 2 (1–2) 1 (1–2) 2 (1–3)⁎⁎

<3 [N(%)] 1815 (76.39) 71 (75.53) 1487 (78.43) 165 (78.95) 234 (64.11)⁎⁎

≥3 [N(%)] 561 (23.61) 23 (24.47) 409 (21.57) 44 (21.05) 131 (35.89)⁎⁎

Parity 1 (1–2) 1 (1–2) 1 (1–2) 1 (1–2)⁎ 2 (1–2)⁎⁎

No child [N(%)] 1538 (64.73) 64 (68.09) 1267 (66.82) 154 (73.68) 181 (49.59)⁎⁎

≥1 child [N(%)] 838 (35.27) 30 (31.91) 629 (33.18) 55 (26.32) 184 (50.41)⁎⁎

Gestational weight gain (kg)a 13.0 (8.1–13.8) 10.5 (8.1–13.8)⁎⁎ 13.0 (10.0–16.0) 12.0 (9.4–15.0)⁎⁎ 14.0 (11.0–17.5)⁎⁎

Gestational age at Down's syndrome Screening (day) 122 (118–126) 124 (119–128)⁎ 122 (118–126) 122 (117–126) 122 (118–125)
Gestational age at delivery (week) 39 (38–40) 35 (33–36)⁎⁎ 39 (38–40) 39 (38–40) 39 (38–39)⁎⁎

Systolic BP at delivery (mmHg) 120 (110–128) 128 (115–136)⁎⁎ 120 (110–129) 119 (110–130) 118 (110–128)
Diastolic BP at delivery (mmHg) 71 (70–79) 75 (70–85)⁎⁎ 72 (70–79) 73 (70–80) 70 (70–77)⁎

Delivery mode
Vaginal delivery 1267 (53.32) 50 (42.55)⁎ 1048 (55.27) 133 (63.64)⁎ 126 (34.52)⁎⁎

Cesarean section 1109 (46.68) 54 (57.45)⁎ 848 (44.73) 76 (36.37)⁎ 239 (65.48)⁎⁎

Infant's sex
Female 1136 (47.81) 40 (42.55) 917 (48.36) 132 (63.16)⁎⁎ 127 (34.79)⁎⁎

Male 1240 (52.19) 54 (57.45) 976 (51.64) 77 (36.84)⁎⁎ 238 (65.21)⁎⁎

Fetal birth weight (gram) 3410 (3150–3680) 2385 (1953–2745)⁎⁎ 3360 (3150–3560) 2800 (2570–2915)⁎⁎ 4030 (3810–4225)⁎⁎

GDM 175 (7.37) 7 (7.45) 126 (6.65) 9 (4.31) 47 (12.88)⁎⁎

ICP 119 (5.00) 9 (9.57)⁎ 91 (4.80) 15 (7.18) 22 (6.03)
PE 81 (3.41) 21 (22.34)⁎⁎ 72 (3.80) 18(8.61)⁎⁎ 12 (3.29)
PIH 49 (2.06) 1 (1.06) 43 (2.27) 2 (0.96) 5 (1.37)

Notes: Data was presented as median (IQR) or N(%).
Abbreviations: IQR, interquartile range; FTB, full term birth; PTB, pre-term birth; SGA/AGA/LGA, small/appropriate/large for gestational age; BMI, body mass index;
BP, blood pressure; GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis of pregnancy; PE, Pre-eclampsia; PIH, pregnancy-induced hypertension.

a Gestational weight gain in pregnancy from Down's syndrome screening to pre-delivery.
b compared with FTB group.
c compared with AGA group.
⁎ P < 0.05.
⁎⁎ P < 0.01.

Table 3
Maternal serum uE3, AFP, fβ-hCG concentrations and their combination by pregnancy complications.

NPC (N=2051) GDM (N=182) ICP (N=128) PE (N=102) PIH (N=50)

uE3 (ng/ml) 1.89 (1.50–2.36) 1.77 (1.43–2.16)⁎⁎ 2.03 (1.65–2.58)⁎⁎ 1.71 (1.40–2.10)⁎⁎ 1.74 (1.47–2.12)
AFP (ng/ml) 48.40 (38.64–61.46) 43.99 (34.72–54.32)⁎⁎ 53.75 (43.53–67.58)⁎⁎ 46.42 (36.00–60.31) 44.59 (36.07–59.14)
fβ-hCG (ng/ml) 12.20 (8.44–18.72) 12.55 (7.69–19.82) 12.70 (8.56–17.23) 13.71 (9.22–18.66) 12.19 (6.68–18.74)
AFP/fβ-hCG 3.97 (2.56–6.08) 3.61 (2.25–5.55) 4.61 (2.96–6.42)⁎ 3.51 (2.06–5.63) 4.14 (2.50–6.16)
AFP/uE3 25.42 (19.98–33.37) 24.38 (19.30–32.81) 26.50 (20.36–31.99) 27.22 (21.30–35.86) 24.37 (19.51–33.33)
AFP/fβ-hCG+uE3 3.39 (2.28–4.90) 3.17 (2.04–4.62) 3.66 (2.59–5.31)⁎ 3.28 (1.92–4.63) 3.41 (2.30–4.93)

Notes: Data was presented as median (IQR). ⁎P < 0.05, ⁎⁎P < 0.01 compared with NPC group.
Abbreviations: IQR, interquartile range; NPC, non-pregnancy complication; GDM, gestational diabetes mellitus; ICP intrahepatic cholestasis of pregnancy; PE, Pre-
eclampsia; PIH, pregnancy-induced hypertension;
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Based on fewer published data, the association of high uE3 con-
centrations with PTB has been conflicting. Jelliffe-Pawlowski et al.
observed that elevated concentrations of uE3 did not remarkably in-
crease a PTB risk [10]. Conversely, Olsen et al. investigated the re-
lationship between high uE3 and PTB and noted that uE3 concentration
had a direct correlation with gestational age at delivery [11]. They got
a conclusion that elevated maternal serum concentrations of uE3 in the
second trimester is an independent factor that causes increasing of
spontaneous PTB. More interestingly, the strongest association between
low uE3 and PTB (< 32weeks) had been reported by Huang et al. [18].
It still remains controversial. Yaron et al. and Settiyanan et al. found
there were no statistical difference in the incidence of PTB between the
groups of normal and low uE3 concentrations [16,17]. Our results also
showed there was almost no difference in uE3 concentration between
PTB group and FTB group; and no significant association between PTB
and the concentration of uE3 with or without controlling for possible
confounders. Increased concentrations of AFP and HCG were correlated
with functional disturbance of placenta resulting in abnormal obstetric
outcomes [6]. Up till to now, these reported outcomes include hy-
pertension, miscarriage, FGR, fetal death, placental abruption, PE, and
PTB [19–24]. Our results showed that PTB group had statistically sig-
nificantly higher concentration of AFP than the full term birth (FTB)
group; maternal high AFP concentrations significantly increased the
risk of PTB and SGA infants supporting previous studies. Also, our study
demonstrated clearly significant difference in AFP concentration be-
tween NPC group and GDM or ICP group. However, AFP was not

independent risk factors of GDM and ICP when examined by logistic
regression analysis controlling for possible confounders. Furthermore,
we observed no difference in fβ-hCG concentration between groups
either by complication outcomes or by perinatal outcomes. The in-
consistency of these results could be related to racial factors, strict
adjustment for confounders. Another possible explanation was that the
nature of the retrospective study and the size of the study population
lead to inconsistent results. It is necessary to investigate the potential

Table 4
Maternal uE3, AFP, fβ-hCG concentrations and their combination by pregnancy perinatal outcomes.

FTB (N=2376) PTBa (N=94) AGA (N=1896) SGAb (N=209) LGAb (N=365)

uE3 (ng/ml) 1.87 (1.50–2.34) 1.87 (1.50–2.42) 1.88 (1.51–2.35) 1.67 (1.37–2.13)⁎⁎ 1.95 (1.56–2.40)
AFP (ng/ml) 48.04 (38.38–61.00) 54.33 (38.64–65.36)⁎ 48.16 (38.13–61.11) 49.25 (39.21–68.18) 47.43 (38.90–60.38)
fβ-hCG (ng/ml) 12.26 (8.42–18.60) 11.74 (7.24–19.45) 12.22 (8.52–18.50) 12.90 (8.39–21.48) 11.99 (7.83–17.58)
AFP/fβ-hCG 3.94 (2.50–5.98) 4.80 (2.73–7.58)⁎ 3.94 (2.48–5.97) 3.88 (2.33–6.35) 4.08 (2.74–6.29)
AFP/uE3 25.42 (19.96–33.05) 26.39 (20.32–35.60) 25.27 (19.88–32.85) 29.27 (23.30–39.35)⁎⁎ 24.90 (19.66–30.96)
AFP/fβ-hCG+uE3 3.39 (2.25–4.85) 4.04 (2.43–5.62)⁎ 3.39 (2.24–4.86) 3.37 (2.15–5.16) 3.46 (2.46–4.95)

Notes: Data was presented as median (IQR).
Abbreviations: IQR, interquartile range; FTB, full term birth; PTB, pre-term birth; SGA/AGA/LGA small/appropriate/large for gestational age.

⁎ P < 0.05.
⁎⁎ P < 0.01.
a compared with FTB group.
b compared with AGA group.

Table 5
Significant influence of variables on pregnancy complications and perinatal outcomes.

Outcomes N uE3 AFP fβ-hCG AFP/fβ-hCG AFP/uE3 AFP/fβ-hCG+uE3

OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI)

GDM 182 0.93 (0.70–1.25) 0.99 (0.98–1.00) 1.00 (0.99–1.01) 0.99 (0.94–1.03) 0.99 (0.98–1.01) 0.98 (0.91–1.06)
GDM (BMI≥ 25a) 65 1.08 (0.61–1.91) 0.98 (0.96–1.00) 0.98 (0.95–1.01) 0.99 (0.91–1.07) 0.96 (0.93–1.00)⁎ 0.97 (0.85–1.11)
ICP 128 1.13 (0.86–1.48) 1.01 (1.00–1.01) 1.00 (0.99–1.02) 1.02 (0.98–1.07) 1.01 (1.00–1.02) 1.06 (0.98–1.14)
ICP (BMI≥ 25a) 16 0.93 (0.39–2.20) 1.02 (1.00–1.05) 0.92 (0.83–1.03) 1.08 (0.99–1.18) 1.02 (0.98–1.05) 1.27 (1.06–1.53)⁎⁎

PE 102 0.61 (0.40–0.95)⁎ 1.01 (1.00–1.01) 1.01 (1.00–1.02) 0.99 (0.93–1.05) 1.01 (1.00–1.02)⁎ 0.99 (0.90–1.09)
PIH 50 0.83 (0.48–1.42) 1.00 (0.99–1.02) 1.00 (0.98–1.03) 1.02 (0.95–1.10) 1.00 (0.98–1.02) 1.03 (0.91–1.17)
PTB 94 1.04 (0.73–1.49) 1.01 (1.00–1.02)⁎ 1.01 (0.99–1.02) 1.04 (0.99–1.09) 1.01 (1.00–1.02)⁎ 1.08 (0.98–1.18)
SGA 209 0.35 (0.25–0.49)⁎⁎ 1.01 (1.00–1.01) 1.00 (0.99–1.01) 1.06 (1.01–1.10)⁎⁎ 1.03 (1.02–1.05)⁎⁎ 1.11 (1.03–1.18)⁎⁎

LGA 365 1.34 (1.09–1.65)⁎⁎ 1.00 (1.00–1.01) 1.01 (1.00–1.02)⁎⁎ 0.98 (0.94–1.01) 0.99 (0.98–1.00) 0.96 (0.90–1.02)
Macrosomia 203 1.39 (1.08–1.78)⁎ 1.00 (0.99–1.01) 1.02 (1.00–1.03)⁎⁎ 0.96 (0.91–1.01) 0.98 (0.97–1.00)⁎ 0.93 (0.86–1.01)

Notes: Odds ratios were adjusted for maternal age, gravidity, parity, gestational age and BMI at Down's syndrome Screening. Parameters of PTB were additionally
corrected for GDM, ICP, PE, PIH, systolic and diastolic BP at delivery. The values of SGA, LGA and macrosomia were additionally corrected for gestational weight
gain, gestational week and BMI at delivery and infant sex.
Abbreviations: GDM, gestational diabetes mellitus; BMI, body mass index; ICP intrahepatic cholestasis of pregnancy; PE, Pre-eclampsia; PIH, pregnancy-induced
hypertension; PTB, pre-term birth; SGA/LGA small/large for gestational age.

a Study populations who had a parameter of BMI≥ 25 at Down's syndrome screening.
⁎ P < 0.05.
⁎⁎ P < 0.01.

Table 6
Regression coefficients for fetal birth weight associated with Down's serum
screening analytes in pregnant women in the early-second trimester.

Variables β (95%CI) P value

uE3 88.95 (63.80–114.10) <0.001
hAFP 0.09 (−0.69–0.87) 0.8282
fβ-hCG 2.14 (0.89–3.39) 0.0008
AFP/fβ-hCG -5.81 (−10.08 to −1.55) 0.0076
AFP/uE3 −3.28 (−4.42 to −2.13) <0.001
AFP/fβ-hCG+uE3 −10.08 (−17.10 to −3.07) 0.0049

Notes: The β value were adjusted for available variables in this study including
maternal age, gravidity, parity, gestational age and BMI at Down's syndrome
screening, gestational weight gain, GDM, ICP, PE, PIH, systolic and diastolic BP,
gestational week and BMI at delivery and infant sex.
Abbreviations: GDM, gestational diabetes mellitus; ICP, intrahepatic cholestasis
of pregnancy; PE, Pre-eclampsia; PIH, pregnancy-induced hypertension; BP,
blood pressure.
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mechanisms of this inconsistency by further parallel studies.
The serum analytes assessed in conventional aneuploidy screening

have independently been found to have a statistically significant asso-
ciation with adverse obstetric outcome. Furthermore, the combination
of biomarkers may obtain the best predictive performance in predicting
complications of late pregnancy, such as PE, spontaneous PTB, GDM,
and FGR [25]. For example, the ratio of soluble fms-like tyrosine kinase
1 to placental growth factor have recently been acknowledged as a
biomarker of PE [26]. We hypothesized that using these markers in
combination (their ratios, etc.) might improve their predictive value
and ultimately produced a useful screening tool. Among the study po-
pulation (BMI ≥25), we unexpectedly found that the ratio of AFP/uE3
was significantly negatively associated with risk of GDM and that the
ratio of AFP/fβ-hCG+uE3 was significantly positively associated with
the risk of ICP.

We purposed on analyzing the association of maternal serum
screening analytes for Down's syndrome in the second trimester and the
risks of unfavorable pregnant outcomes. The strengths of this study are:
1) sufficient sample size of the pregnant women with detailed pregnant
and perinatal outcomes including GDM, PE, ICP, SGA and LGA, etc. 2)
All laboratory analysis were carried out by the same personal in the
same environment using the same automatic analyzer. 3) Our hospital
network including rural and urban residents, reflected the general po-
pulation rather than a referral group with high-risk. However, our study
has 2 limitations. Firstly, our study population lacked diversity.
Considering that China is a country with large population and un-
balanced district economic development, a large sample of multicenter
study is more representative. Secondly, the data source did not provide
information on other maternal characteristics that have been shown to
be independent impact factors of these unfavorable outcomes, such as
maternal education concentration and family economics.

5. Conclusion

We used maternal serum screening analytes for Down's syndrome in
the second trimester as biomarkers to investigate associations between
the concentrations of analytes and pregnancy outcomes. We found that
abnormal concentrations of second trimester AFP, fβ-hCG, uE3 and
their ratios were associated with unfavorable pregnancy outcomes. The
serum biomarkers investigated in our study prove to have additional
value apart from Down syndrome screening and may provide an al-
ternative tool for risk estimates on other adverse pregnancy outcomes.
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