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Abstract
Background:

Spontaneous preterm delivery (sPTD) is one of the most common global problems causing perinatal
morbidity and mortality. However, there is no effective universal screening method for predicting sPTD.
Therefore, we want to evaluate the extra bene�t of quadruple maternal serum biomarkers for Down
syndrome (DS) screening to predict sPTD. Moreover, to propose an effective model to predict sPTD.

Results: 

From total of 2,822 pregnancies who underwent DS screening, 2604 (92.3%) were included in the study.
There were 183 (7.02%) pregnant women had randomly measure cervical length. sPTD occurred in 221
(8.5%) of participants, 32 (14.5%) had early sPTD (<34 weeks gestation) and 189 (85.5%) had late sPTD
(delivery between 34-36+6 weeks). The median MoM of AFP was signi�cantly higher in women with early
sPTD (1.2 VS 1.0, p =0.04), but uE3 had tendency to be lower than the women with term delivery. The
most effective model to predict sPTD was the combination of serum AFP level > 1.2 MoM, uE3 level < 0.9
MoM, cervical length <35 mm. and had history of previous preterm delivery which has an AUC of 0.86.

Conclusions:

An abnormal increase of AFP or decrease of uE3 in quadruple Down syndrome screening showed a
predictive ability to predict sPTD with no extra cost. The most effective model to predict sPTD is adding
serum quadruple biomarkers with maternal characteristics and cervical length measurement gives a high
predictive ability for sPTD.

Background
Preterm delivery is one of the most common global problems causing perinatal morbidity and mortality
worldwide [1, 2] and has a signi�cant impact on both short and long term neonatal health [3]. The cost of
treatment can be very high for extremely preterm deliveries [4, 5]. The impact of such preterm delivery
costs can create serious �nancial burdens, especially in developing countries [6, 7]. There is a method
available to prevent preterm births in at-risk pregnant women, such as progesterone administration but
indicated only in women who had history of spontaneous preterm delivery (sPTD) [8-12]. Currently there
is no effective universal screening method for predicting preterm delivery [13, 14] . One common method
of assessing the risk of preterm birth is cervical length measurement. If this length is shorter than 2.5 cm.,
the patient will be offered cervical cerclage or progesterone administration to prevent preterm delivery [9,
14-18]. However, screening for preterm delivery using cervical length measurement is still limited in most
developing countries [19].

The serum quadruple test is a method for second trimester Down syndrome screening using a
combination of four substances in a pregnant woman’s serum: alpha-fetoprotein (AFP), β-human
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chorionic gonadotropin (β-hCG), unconjugated estriol (uE3) and inhibin A. The serum quadruple test is
widely used in second trimester screening for Down syndrome in many countries [20-27]. In Thailand, the
quadruple test has been adopted as a national screening program for Down syndrome and is free of
charge. Maternal serum levels of AFP, β-hCG, inhibin A and uE3 are representative of the serum levels in
fetal and placental circulation [28]. Fetal or placental abnormalities can cause abnormal levels of these
serum biomarkers [28]. In addition to using the quadruple test for screening for Down syndrome, many
studies have demonstrated the usefulness of abnormal serum quadruple markers in either individual or
combined tests to predict other adverse pregnancy outcomes such as preterm birth, preeclampsia and
fetal growth restriction [20, 21, 24, 25, 29-36]. Many studies have showed associations between abnormal
serum biomarkers and adverse pregnancy outcomes, especially preterm outcomes in euploid fetuses [21,
23, 32, 36, 37]. High levels of AFP, β-hCG,  and inhibin A with a low level of UE3 have been shown to be
associated with adverse pregnancy outcomes, especially in preterm births [20, 21, 24, 25, 29, 31, 32, 36-
38].  Many studies have attempted to elaborate the relationship between serum biomarkers and adverse
pregnancy outcomes, particularly sPTD. However, there have been some con�icting �ndings regarding the
protocol or cutoff levels of these serum biomarkers among these studies [20, 21, 24, 25, 38]. Our study
aimed to examine the associations between the biomarkers assessed in the serum quadruple test and the
prediction of sPTD as a further screening model as an adjunctive bene�t of Down syndrome screening.

Methods
This retrospective study was conducted at Songklanagarind Hospital, a tertiary center in the south of
Thailand. We offer the prenatal screening for Down syndrome between gestational age of 14 and 20
weeks during the period of 2012 to 2019. Ethical approval was granted by the institutional ethical
committee.  The study was a prospective design mainly for evaluating the e�cacy of Down syndrome
screening with quadruple test. We then recruited the pregnant women between year of 2012 to 2014, we
were given a grant by the Faculty of Medicine, Prince of Songkla University Research Fund. Then, after
2016, we recruited patients who had undergone the quadruple screening offered by Thai National Policy
which was free of charge. All participants had delivery in our hospital.  The demographic data; maternal
age, parity, race, medical disease, body mass index, history of preterm, gestational age and cervical length
measurements were recorded. The serum markers of the quadruple test: alpha-fetaprotein (AFP), beta-
hCG, unconjugated estriol (uE3) and inhibin A  were measured using  KRYPTOR compact PLUS (Thermo
Fisher Scienti�c, Hennigsdorf, Germany), and inhibin A was measured using TRACE technology (time-
resolved ampli�ed cryptate emission Ansh Labs, Webster, TX, USA) and Immunomat (Institut
Virion\Serion, Würzburg, Germany). The outcomes of pregnancy were followed during the study:
gestational age of delivery, birth weight and complications of newborns after delivery such as NICU
admission, ventilator use, and hospital stay. All newborn babies were evaluated by pediatricians. If the
newborn was suspected of Down syndrome, the karyotype was checked.

Statistical analysis
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The statistical analysis was performed using Stata version 14.1. The demographic data of the pregnant
women and the outcomes of delivery were summarized. Women with chromosomal abnormality were
dropped from the dataset. Using all women remaining in the dataset, the median value of the natural
logarithm of each marker was estimated using quantile regression as a function of gestational age and
body weight, incorporating quadratic terms as appropriate to obtain the best �t. Using the actual
measured level of marker and body weight together with the corresponding estimated median value, the
multiple of median (MoM) of each serum marker was calculated for each woman. The ability of the
ln(MoM) of each marker as well as that of a combination of markers to predict the outcome of sPTD was
explored using logistic regression models using each single marker and all markers, respectively, and the
corresponding ROC curves constructed. Subsequently, the increase in ability to predict sPTD by adding
selected results of the quadruple test to various known maternal clinical predictors was evaluated using
logistic models and by comparing the resultant AUC of the ROC curves. The overall best-�tting model was
identi�ed.

Results
During the study period, 2822 pregnant women met the enrollment criteria. Prior to analysis 218 (7.73%)
women were excluded from the study, mostly due to lost-to-follow up. Another 26 (0.9%) women were
excluded due to indicated preterm. Finally, 2,604 (92.3%) women were eligible for analysis in Fig. 1. In our
study, there were 221 (8.5%) sPTD. There were 32 (14.5%) cases of early preterm with gestational age
less than 34 weeks, and 189 (85.5%) cases of late preterm delivery equal to or more than 34 weeks. The
demographic data between term and preterm deliveries were not different between the two groups in
Table 1. The median gestational age at delivery of the term group was 39 weeks and the preterm group
was 36 weeks. A history of previous preterm delivery was signi�cantly higher in the preterm group than
term group. A subgroup of 187 (7.03%) participants in the study underwent cervical length measurement
because they were enrolled in another study involving cervical length measurements to predict preterm
delivery. A history previous preterm delivery was signi�cantly associated with preterm delivery. The
cervical length of the preterm group was signi�cantly shorter than in the term delivery group, at 33.9 and
36 mm, respectively (p< 0.05).  The median birthweight of the term infants was 3150 g and of the preterm
infants was 2551.2 g, a difference which was statistically signi�cant. Most of the other neonatal
outcomes such as NICU admission, ventilator use and length of hospital stay were also statistically
signi�cantly different between the term and preterm groups in Table 2.

Table 1 The demographic data of study pregnant women who had term and preterm deliveries
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Maternal characteristic Term Preterm P value

Maternal age, years 31 (28, 33) 31 (28, 33) 0.424

Maternal BMI, kg/m2 22.5 (20.4, 25.3) 23 (20.3, 26) 0.226

Gestational age, wk 39 (38, 39) 36 (35, 36) < 0.001

Parity     0.044

•      Nulliparous, N (%) 1,349 (56.6) 109 (49.3)  

•      Multiparous, N (%) 1,034 (43.4) 112 (50.7)  

History of preterm, N (%) 24 (1) 14 (6.3) < 0.001

History of PIH, N (%) 15 (0.6) 4 (1.8) 0.119

Cervical length, mm, mean (SD)

(N=183,7.02%)

36.9 (6.4) 33 (6.8) 0.004

PIH 70 (2.9) 13 (5.9) 0.029

GDM 192 (8.1) 28 (12.7) 0.026

When comparing the median MoM of the serum quadruple test in term and sPTD, there was no
signi�cant difference between the two groups in Table 3. However, in the subgroup analysis between
early and late sPTD, there was a signi�cantly higher MoM AFP in the early preterm group. The median
MoMs of uE3 and inhibin A were lower in the early preterm group, but the difference was not statistically
signi�cant. When the performance of each serum biomarker was evaluated, only AFP had an increased
prediction value with AUC of 0.55 in Fig. 2. When the quadruple serum markers were combined, the
prediction for sPTD showed an AUC of 0.56 in Fig. 3.

Table 2 Neonatal outcomes of the term and preterm newborns

Outcome Term Preterm P value

Birthweight, gm, mean (SD) 3150 (394.2) 2551.2 (538) < 0.001

Apgar score, 1 min, median (IQR) 8 (8,9) 9 (8,9) < 0.001

Apgar score, 5 min, median (IQR) 9 (9,9) 9 (9,9) 0.026

NICU admission, N (%) 92 (3.9) 57 (25.8) < 0.001

Ventilator used, N (%) 32 (1.3) 23 (10.4) < 0.001

Hospital stay, day 3.6 (2.7) 8.4 (12.3) < 0.001
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Models to predict sPTD from selected factors involved with preterm delivery were created. Using only the
serum quadruple test, the sensitivity to predict sPTD was low in Fig. 3. When cervical length was
combined with the serum markers, the AUC increased to 0.67. When a maternal history of preterm delivery
was added, the AUC further increased to 0.71, and �nally combining maternal serum AFP > 1.2 MoM, uE3
< 0.9, a previous history of preterm delivery and cervical length measurement < 35 mm gave the highest
AUC of 0.86 . The model to predict sPTD using maternal histories and serum biomarkers related to
preterm delivery were constructed by regression equation.  To calculate the odds ratio for the risk of sPTD,
and then the probability of sPTD could be calculated from the equation as follows:

In (odds) = [0.687x Cervical length + 1.714x history of preterm delivery + 1.083 + 0.463 x MoM uE3< 0.9 -
2.772]

Table 3 The median MoM of the serum biomarkers between the term and preterm pregnancies

Serum biomarkers

Median (IQR)

Term

(2,383)

Early Preterm

(32)

Late Preterm

(189)

P value

 

AFP MoMs 1(0.8,1.2) 1.2(0.8,1.4) 1(0.8,1.3) 0.04

uE3 MoMs 1(0.7,1.4) 0.9(0.5,1.3) 1(0.7,1.4) 0.153

β-hCG MoMs 0.9(0.6,1.4) 1(0.6,1.5) 0.9(0.6,1.4) 0.893

Inhibin A MoMs 1(0.7,1.3) 0.9(0.6,1.3) 1(0.7,1.3) 0.472

Discussion
Preterm delivery especially before 34 weeks gestation is a major cause of morbidity and mortality of
newborns worldwide, particularly in developing countries [2, 4, 6, 7, 39, 40]. The recently reported
incidence of preterm in Thailand was about 10-13% [41]. In our study, we had sPTD incidence of 8.5%,
while other studies reported incidences between 7.8-10.6 % [42, 43]. There are numerous risk factors
involved with preterm delivery such as a previous history of preterm birth, some medical diseases or
hypertension associated with pregnancy[40, 42, 44, 45]. However, a considerable number of preterm
deliveries have no clear risk factors, especially in the sPTD group [43, 46, 47]. Concerning the prediction of
sPTD, many strategies have been proposed for use with basic clinical history [43, 46]. Cervical length
measurement has been supported from many prior studies [46, 48-50]. However, it is still limited in some
centers due to lack of specialists and being inconvenient to use as routine screening. Many laboratory
investigations including maternal serum biomarkers, urine, and cervical mucus have been used to
screening for sPTD [51-55]. However, to date no biomarker has been identi�ed which can reliably predict
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sPTD as a general screening tool [52, 53, 56]. In Thailand, the quadruple test, offered by the National
Health Policy free of charge, has been used for many years as a universal screening method for Down
syndrome. Many studies have reported the extra bene�t of the serum quadruple test as a predictor of
adverse pregnancy outcomes, including preterm delivery [20, 21, 24, 25, 29, 36, 38]. However, the results of
the serum quadruple test vary for the cutoff of each serum biomarker and it has to date shown limited
use in predicting sPTD [20, 21, 24, 25, 29, 36]. Moreover, all of the prior studies assessing the use of
serum biomarkers for prediction of preterm delivery included indicated preterm deliveries [20, 21, 24, 29,
36].  In our study, we wanted to clarify the association of quadruple biomarkers with sPTD, which has
never been done in other studies.

When all serum quadruple biomarkers were combined to predict sPTD, predictive ability was low with an
AUC of 0.56%, sensitivity of 55.6 % and false positive rate of 5% in total preterm deliveries. For early
preterm deliveries, the sensitivity was 63.5 % with a false positive rate of 5%. However, a similar low
percentage was found in the study in Thailand with triple serum biomarkers to predict preterm delivery as
well [29]. But the data of previous study included indicated preterm delivery [29]. Our study found a
relationship between high levels of AFP and relatively low levels of uE3 in early sPTD before 34 weeks,
similar to the studies of Nunthapiwat et al [29] and preterm deliveries before 37 weeks in previous studies
[20, 24, 25, 36]. In our study, the median serum level of AFP in the early sPTD group was 1.2 MoM, which
was lower than in other studies which have reported levels between 1.34 and 2.0 MoM [20, 21, 25, 29, 36].
However, maternal serum AFP is mainly produced in the fetal yolk sac and liver, and high levels of this
chemical have been associated with many fetal structural abnormalities and placental abnormalities [28]
which were reported in the other studies [57-59]. The serum uE3 level was slightly lower in early sPTD
pregnancies in our study, which has also been reported in other studies, varying between 0.5 and 0.9
MoM [20, 21, 24, 25, 29, 36]. The average serum level of uE3 in the early preterm group of our study was
close to the study in a Thai ethnic group of Nanthapiwat et al. [29]. Abnormally low levels of uE3 have
also been reported as associated with fetal structural and placental abnormalities [28]. These factors
could be associated with indicated preterm and sPTD deliveries; however, we excluded pregnancies with
fetal anomalies that can cause preterm delivery in our study.

When earlier models to predict sPTD using serum biomarkers were evaluated, they generally indicated
that the association of maternal characteristics with serum biomarkers increased the ability to predict
preterm delivery [21, 36]. Previous preterm delivery had a strong association with preterm delivery in many
previous studies, which also recommended the administration of progesterone to reduce the risk of
preterm delivery [10, 60-63]. Thus, combining a history of previous preterm with serum biomarkers can
increase the rate of prediction of sPTD, as found in our study. We also found an association between
sPTD and a short cervical length less than 35 mm. One recent study reported an association between
preterm delivery and cervical length less than 25 mm before 24 weeks gestation [64]. Our study proposes
that the optimal model to predict sPTD combines serum AFP > 1.2 MoM and uE3 < 0.9 MoM with cervical
length measurement less than 35 mm. and history of previous preterm delivery, which gave the highest
ability to predict sPTD with an AUC of 0.86, sensitivity of 85% and a false positive rate of 10%. Our study
suggests the quadruple test can also be uses as a national screening test for sPTD. When pregnant
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women are found to have an abnormally high level of AFP and a low level of uE3 whether or not a history
of previous preterm delivery is found, these pregnant women should also have a cervical length
measurement. Then, if the cervical length is less than 35 mm, progesterone should be administered to
reduce the risk of sPTD. To select only women in the sPTD high risk group can reduce number of
pregnant women who need to do a cervical length measurement, which is especially important for
hospitals that lack a trained gynecologist who can measure cervical length as a universal screening tool
for preterm delivery or in developing countries, where such women need to be referred to a larger center
that has a specialist. After that, these high-risk pregnancy women should be monitored as a high risk for
early sPTD in a tertiary center. The use of this proposed model will decrease the cost for measuring
cervical length as a routine antenatal screening test without neglecting pregnancies at high risk of early
sPTD, for which it is di�cult to �nd an effective screening method. These are the extra bene�ts of serum
biomarkers for Down syndrome screening which have never been reported before.

The remarkable strength of our study was that we included only sPTD patients while earlier studies
included indicated preterm deliveries. In the indicated preterm delivery group, most of the causes can be
identi�ed from medical history or obstetrics complications. These conditions are associated with the
indications for preterm delivery and can be predicted beforehand, and early management can be provided
for prevention of sPTD. On the other hand, sPTD may involve many factors but a de�nite cause is di�cult
to clearly identify. Moreover, our study had only a small number of lost to-follow-up cases compared with
most other studies. In addition, our study was conducted in the same setting as the laboratory tests were
done, reducing the potential problem of serum measurement errors caused by offsite analysis. The
current study originated from a prospective cohort that had retrospective analysis, thus the results were
naturally blinded. Finally, our study was done in a homogeneous Thai population unlike other studies
which have had mixed ethnicities. The cut off level of serum biomarkers we determined is appropriate for
use as a universal screening for sPTD in Thailand without the need to adjust the serum levels according
to various ethnicities. The notable limitation of our study was then small number of spontaneous early
preterm deliveries, thus determining clear cut off levels for the serum biomarkers in this group needs
further evaluation.

Conclusions
The combined maternal serum quadruple biomarkers have a low predictive ability for sPTD. An abnormal
increase of AFP or decrease of uE3 in the screening for sPTD can increase the accurate prediction of
spontaneous early preterm delivery with no extra cost. The most effective model to predict sPTD is serum
quadruple biomarkers with maternal characteristics and cervical length measurement gives a high
predictive ability for sPTD.

Declarations
Ethics approval and consent to participate



Page 9/17

This study was approved by the Institutional Review Boards; The O�ce of Human Research Ethics
Committee (HREC), Faculty of Medicine, Prince of Songkla University.

Study code: No. 62465124

All participants were recruited with written informed consent.

I con�rm that the experiment protocol for involving humans was in accordance to guidelines of
national/international/institutional or Declaration of Helsinki in the manuscript.

Consent for publication

The Informed Consent Forms which all participants signed included consent for publication of their data.
Data were de-identi�ed after collection and participants were allocated codes for analysis and
pseudonyms for publication.

Availability of data and materials

The datasets analyzed during the current study are available from the corresponding author upon
reasonable request.

Competing interests

The authors declare that they have no competing interests.

Funding

The Research Fund, Faculty of Medicine, Prince of Songkla University; The funder had no role in the
design of the study and collection, analysis, and interpretation of data and in writing the manuscript.

Authors’ contributions

SP: Conceptualization, study design, proposal writing, acquisition of data, data analysis, manuscript
writing. KW: Database development, data analysis, manuscript editing. OK: Conceptualization and
database development, network administration. TS: Contributed to the acquisition of data. CS:
Contributed to the acquisition of data. NP: Contributed to the acquisition of data. CP: Contributed to the
acquisition of data. MS: Contributed to the acquisition of data. NC: Contributed to the acquisition of data.
RS: Contributed to the acquisition of data. All authors contributed to approved the �nal version.

Acknowledgements

The authors would like to thank all supporting nurses and staff of Maternal Fetal Medicine Unit, Faculty
of Medicine, Prince of Songkla University for their contribution to collecting data. Dr. Alan Gearter and Ms.
Walailuk Jitpiboon, the staff of Epidemiology Unit, Faculty of Medicine, Prince of Songkla University for
assisting of statistical analysis.



Page 10/17

References
1. Saigal S, Doyle LW. An overview of mortality and sequelae of preterm birth from infancy to

adulthood. Lancet. 2008;371:261-269.

2. Blencowe H, Krasevec J, de Onis M, Black RE, An X, Stevens GA, Borghi E, Hayashi C, Estevez D,
Cegolon L, et al. National, regional, and worldwide estimates of low birthweight in 2015, with trends
from 2000: a systematic analysis. Lancet Glob Health. 2019;7:e849-e860.

3. Allotey J, Zamora J, Cheong-See F, Kalidindi M, Arroyo-Manzano D, Asztalos E, van der Post J, Mol
BW, Moore D, Birtles D, et al. Cognitive, motor, behavioural and academic performances of children
born preterm: a meta-analysis and systematic review involving 64 061 children. BJOG. 2018;125:16-
25.

4. Lakshmanan A, Smith BA, Vanderbilt DL. Beyond the neonatal intensive care unit: the impact of
preterm birth. Dev Med Child Neurol. 2020.

5. Berger TM, Bernet V, El Alama S, Fauchère JC, Hösli I, Irion O, Kind C, Latal B, Nelle M, P�ster RE, et al.
Perinatal care at the limit of viability between 22 and 26 completed weeks of gestation in
Switzerland. 2011 revision of the Swiss recommendations. Swiss Med Wkly. 2011;141:w13280.

�. Ma L, Liu C, Cheah I, Yeo KT, Chambers GM, Kamar AA, Travadi J, Oei JL. Cost is an important factor
in�uencing active management of extremely preterm infants. Acta Paediatr. 2019;108:70-75.

7. Zainal H, Dahlui M, Soelar SA, Su TT. Cost of preterm birth during initial hospitalization: A care
provider's perspective. PLoS One. 2019;14:e0211997.

�. Lavie M, Shamir-Kaholi N, Lavie I, Doyev R, Yogev Y. Outcomes of ultrasound and physical-exam
based cerclage: assessment of risk factors and the role of adjunctive progesterone in preventing
preterm birth-a retrospective cohort study. Arch Gynecol Obstet. 2020;301:981-986.

9. Dang VQ, He YT, Pham HN, Trieu TT, Bui TQ, Vuong NT, Nguyen LM, Nguyen DT, Le TV, Li W, et al.
Effectiveness of cervical pessary compared to cervical cerclage with or without vaginal progesterone
for the prevention of preterm birth in women with twin pregnancies and a short cervix: study protocol
for a two-by-two factorial randomised clinical trial. BMJ Open. 2020;10:e036587.

10. Choi SJ, Kwak DW, Kil K, Kim SC, Kwon JY, Kim YH, Na S, Bae JG, Cha HH, Shim JY, et al. Vaginal
compared with intramuscular progestogen for preventing preterm birth in high-risk pregnant women
(VICTORIA study); a multicentre, open-label randomised trial and a meta-analysis. BJOG. 2020.

11. Aboulghar MM, El-Faissal Y, Kamel A, Mansour R, Serour G, Aboulghar M, Islam Y. The effect of early
administration of rectal progesterone in IVF/ICSI twin pregnancies on the preterm birth rate: a
randomized trial. BMC Pregnancy Childbirth. 2020;20:351.

12. Jarde A, Lutsiv O, Beyene J, McDonald SD. Vaginal progesterone, oral progesterone, 17-OHPC,
cerclage, and pessary for preventing preterm birth in at-risk singleton pregnancies: an updated
systematic review and network meta-analysis. BJOG. 2019;126:556-567.

13. Medley N, Vogel JP, Care A, Al�revic Z. Interventions during pregnancy to prevent preterm birth: an
overview of Cochrane systematic reviews. Cochrane Database Syst Rev. 2018;11:Cd012505.



Page 11/17

14. Matei A, Saccone G, Vogel JP, Armson AB. Primary and secondary prevention of preterm birth: a
review of systematic reviews and ongoing randomized controlled trials. Eur J Obstet Gynecol Reprod
Biol. 2019;236:224-239.

15. Chen R, Huang X, Li B. Pregnancy outcomes and factors affecting the clinical effects of cervical
cerclage when used for different indications: A retrospective study of 326 cases. Taiwan J Obstet
Gynecol. 2020;59:28-33.

1�. Wood SL, Williams BN, Szychowski JM, Owen J. The Effect of Intramuscular 17α-
Hydroxyprogesterone in Women Screened for Shortened Cervical Length. Am J Perinatol.
2020;37:659-665.

17. Park JY, Jung YM, Kook SY, Jeon SJ, Oh KJ, Hong JS. The effect of postoperative vaginal
progesterone in ultrasound-indicated cerclage to prevent preterm birth. J Matern Fetal Neonatal Med.
2019:1-8.

1�. Ples L, Sima RM, Ricu A, Moga MA, Ionescu AC. The e�cacy of cervical cerclage combined with a
pessary for the prevention of spontaneous preterm birth. J Matern Fetal Neonatal Med. 2019:1-5.

19. Berghella V, Saccone G. Cervical assessment by ultrasound for preventing preterm delivery. Cochrane
Database Syst Rev. 2019;9:Cd007235.

20. Sehat Z, Goshetasbi A, Taheri Amin M. Investigating association between second trimester maternal
serum biomarkers and pre-term delivery. Iran J Reprod Med. 2013;11:127-132.

21. Jelliffe-Pawlowski LL, Shaw GM, Currier RJ, Stevenson DK, Baer RJ, O'Brodovich HM, Gould JB.
Association of early-preterm birth with abnormal levels of routinely collected �rst- and second-
trimester biomarkers. Am J Obstet Gynecol. 2013;208:492.e491-411.

22. Kwon JY, Park IY, Park YG, Lee Y, Lee G, Shin JC. Korean-speci�c parameter models for calculating
the risk of Down syndrome in the second trimester of pregnancy. J Korean Med Sci. 2011;26:1619-
1624.

23. Huang T, Hoffman B, Meschino W, Kingdom J, Okun N. Prediction of adverse pregnancy outcomes by
combinations of �rst and second trimester biochemistry markers used in the routine prenatal
screening of Down syndrome. Prenat Diagn. 2010;30:471-477.

24. Yazdani S, Rouholahnejad R, Asna� N, Sharbatdaran M, Zakershob M, Bouzari Z. Correlation of
pregnancy outcome with quadruple screening test at second trimester. Med J Islam Repub Iran.
2015;29:281.

25. Lao MR, Calhoun BC, Bracero LA, Wang Y, Seybold DJ, Broce M, Hatjis CG. The ability of the
quadruple test to predict adverse perinatal outcomes in a high-risk obstetric population. J Med
Screen. 2009;16:55-59.

2�. Tu S, Rosenthal M, Wang D, Huang J, Chen Y. Performance of prenatal screening using maternal
serum and ultrasound markers for Down syndrome in Chinese women: a systematic review and
meta-analysis. BJOG. 2016;123 Suppl 3:12-22.

27. Manikandan K, Seshadri S. Down Syndrome Screening in India: Are We There Yet? J Obstet Gynaecol
India. 2017;67:393-399.



Page 12/17

2�. Cunningham FG, Leveno KJ, Bloom SL, Dashe JS, Hoffman BL, Casey BM, Spong CY: Williams
Obstetrics, 25 ed. New York: McGraw-Hill Education; 2018.

29. Nunthapiwat S, Sekararithi R, Wanapirak C, Sirichotiyakul S, Tongprasert F, Srisupundit K, Luewan S,
Tongsong T. Second Trimester Serum Biomarker Screen for Fetal Aneuploidies as a Predictor of
Preterm Delivery: A Population-Based Study. Gynecol Obstet Invest. 2019;84:326-333.

30. Sirikunalai P, Wanapirak C, Sirichotiyakul S, Tongprasert F, Srisupundit K, Luewan S, Traisrisilp K,
Tongsong T. Associations between maternal serum free beta human chorionic gonadotropin (β-hCG)
levels and adverse pregnancy outcomes. J Obstet Gynaecol. 2016;36:178-182.

31. Settiyanan T, Wanapirak C, Sirichotiyakul S, Tongprasert F, Srisupundit K, Luewan S, Traisrisilp K,
Tongsong T. Association between isolated abnormal levels of maternal serum unconjugated estriol
in the second trimester and adverse pregnancy outcomes. J Matern Fetal Neonatal Med.
2016;29:2093-2097.

32. Cohen JL, Smilen KE, Bianco AT, Moshier EL, Ferrara LA, Stone JL. Predictive value of combined
serum biomarkers for adverse pregnancy outcomes. Eur J Obstet Gynecol Reprod Biol. 2014;181:89-
94.

33. Karsidag AY, Buyukbayrak EE, Kars B, Suyugul U, Unal O, Turan MC. The relationship between
unexplained elevated serum markers in triple test, uterine artery Doppler measurements and adverse
pregnancy outcome. J Pak Med Assoc. 2010;60:181-186.

34. Sayin NC, Canda MT, Ahmet N, Arda S, Süt N, Varol FG. The association of triple-marker test results
with adverse pregnancy outcomes in low-risk pregnancies with healthy newborns. Arch Gynecol
Obstet. 2008;277:47-53.

35. Gagnon A, Wilson RD. Obstetrical complications associated with abnormal maternal serum markers
analytes. J Obstet Gynaecol Can. 2008;30:918-932.

3�. Dugoff L, Hobbins JC, Malone FD, Vidaver J, Sullivan L, Canick JA, et al. Quad screen as a predictor
of adverse pregnancy outcome. Obstet Gynecol. 2005;106:260-267.

37. Duric K, Skrablin S, Lesin J, Kalafatic D, Kuvacic I, Suchanek E. Second trimester total human
chorionic gonadotropin, alpha-fetoprotein and unconjugated estriol in predicting pregnancy
complications other than fetal aneuploidy. Eur J Obstet Gynecol Reprod Biol. 2003;110:12-15.

3�. Singnoi W, Wanapirak C, Sekararithi R, Tongsong T. A cohort study of the association between
maternal serum Inhibin-A and adverse pregnancy outcomes: a population-based study. BMC
Pregnancy Childbirth. 2019;19:124.

39. Hoh JK, Lappas M, Liu C, Qiao C, Pallavi K, Takeda J, Kim YJ. Preterm birth rate and dilemma of
preterm labor treatment in Asia. Placenta. 2019;79:68-71.

40. Delnord M, Zeitlin J. Epidemiology of late preterm and early term births - An international perspective.
Semin Fetal Neonatal Med. 2019;24:3-10.

41. Chawanpaiboon S, Vogel JP, Moller AB, Lumbiganon P, Petzold M, Hogan D, et al. Global, regional,
and national estimates of levels of preterm birth in 2014: a systematic review and modelling
analysis. Lancet Glob Health. 2019;7:e37-e46.



Page 13/17

42. Perez MJ, Chang JJ, Temming LA, Carter EB, López JD, Tuuli MG, et al. Driving Factors of Preterm
Birth Risk in Adolescents. AJP Rep. 2020;10:e247-e252.

43. Voltolini C, Torricelli M, Conti N, Vellucci FL, Severi FM, Petraglia F. Understanding spontaneous
preterm birth: from underlying mechanisms to predictive and preventive interventions. Reprod Sci.
2013;20:1274-1292.

44. Meertens LJE, van Montfort P, Scheepers HCJ, van Kuijk SMJ, Aardenburg R, Langenveld J, et al.
Prediction models for the risk of spontaneous preterm birth based on maternal characteristics: a
systematic review and independent external validation. Acta Obstet Gynecol Scand. 2018;97:907-
920.

45. Vogel JP, Chawanpaiboon S, Moller AB, Watananirun K, Bonet M, Lumbiganon P. The global
epidemiology of preterm birth. Best Pract Res Clin Obstet Gynaecol. 2018;52:3-12.

4�. Glover AV, Manuck TA. Screening for spontaneous preterm birth and resultant therapies to reduce
neonatal morbidity and mortality: A review. Semin Fetal Neonatal Med. 2018;23:126-132.

47. Phillips C, Velji Z, Hanly C, Metcalfe A. Risk of recurrent spontaneous preterm birth: a systematic
review and meta-analysis. BMJ Open. 2017;7:e015402.

4�. Rozenberg P. [Is universal screening for cervical length among singleton pregnancies with no history
of preterm birth justi�ed?]. J Gynecol Obstet Biol Reprod (Paris). 2016;45:1337-1345.

49. Kuusela P, Jacobsson B, Hagberg H, Fadl H, Lindgren P, Wesström J, et al. Second trimester
transvaginal ultrasound measurement of cervical length for prediction of preterm birth: a blinded
prospective multicentre diagnostic accuracy study. BJOG. 2020.

50. Son M, Miller ES. Predicting preterm birth: Cervical length and fetal �bronectin. Semin Perinatol.
2017;41:445-451.

51. Lucaroni F, Morciano L, Rizzo G, F DA, Buonuomo E, Palombi L, et al. Biomarkers for predicting
spontaneous preterm birth: an umbrella systematic review. J Matern Fetal Neonatal Med.
2018;31:726-734.

52. Polettini J, Cobo T, Kacerovsky M, Vinturache AE, Laudanski P, Peelen MJ, et al. Biomarkers of
spontaneous preterm birth: a systematic review of studies using multiplex analysis. J Perinat Med.
2017;45:71-84.

53. Jacobsson B, Saltvedt S, Wikström AK, Morken NH, Leijonhufvud Å, Hagberg H. [Preterm delivery: an
overview on prediction, prevention and treatment]. Lakartidningen. 2019;116.

54. Conde-Agudelo A, Papageorghiou AT, Kennedy SH, Villar J. Novel biomarkers for the prediction of the
spontaneous preterm birth phenotype: a systematic review and meta-analysis. BJOG.
2011;118:1042-1054.

55. Bastek JA, Elovitz MA. The role and challenges of biomarkers in spontaneous preterm birth and
preeclampsia. Fertil Steril. 2013;99:1117-1123.

5�. Lamont RF, Richardson LS, Boniface JJ, Cobo T, Exner MM, Christensen IB, et al. Commentary on a
combined approach to the problem of developing biomarkers for the prediction of spontaneous
preterm labor that leads to preterm birth. Placenta. 2020;98:13-23.



Page 14/17

57. Yuan W, Chen L, Bernal AL. Is elevated maternal serum alpha-fetoprotein in the second trimester of
pregnancy associated with increased preterm birth risk? A systematic review and meta-analysis. Eur
J Obstet Gynecol Reprod Biol. 2009;145:57-64.

5�. Vogel I, Thorsen P, Curry A, Sandager P, Uldbjerg N. Biomarkers for the prediction of preterm delivery.
Acta Obstet Gynecol Scand. 2005;84:516-525.

59. Katz VL, Chescheir NC, Cefalo RC. Unexplained elevations of maternal serum alpha-fetoprotein.
Obstet Gynecol Surv. 1990;45:719-726.

�0. Koullali B, Oudijk MA, Nijman TA, Mol BW, Pajkrt E. Risk assessment and management to prevent
preterm birth. Semin Fetal Neonatal Med. 2016;21:80-88.

�1. Mesiano SA, Peters GA, Amini P, Wilson RA, Tochtrop GP, van Den Akker F. Progestin therapy to
prevent preterm birth: History and effectiveness of current strategies and development of novel
approaches. Placenta. 2019;79:46-52.

�2. Patel SS, Ludmir J: Drugs for the Treatment and Prevention of Preterm Labor. Clin Perinatol.
2019;46:159-172.

�3. Al�revic Z, Owen J, Carreras Moratonas E, Sharp AN, Szychowski JM, Goya M. Vaginal progesterone,
cerclage or cervical pessary for preventing preterm birth in asymptomatic singleton pregnant women
with a history of preterm birth and a sonographic short cervix. Ultrasound Obstet Gynecol.
2013;41:146-151.

�4. Frey HA, McLaughlin EM, Hade EM, Finneran MM, Rood KM, Shellhaas C, et al. Obstetric History and
Risk of Short Cervix in Women with a Prior Preterm Birth. Am J Perinatol. 2020.

Figures



Page 15/17

Figure 1

The study �ow chart
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Figure 2

The ROC curve of maternal serum biomarkers for prediction of spontaneous preterm deliveries
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Figure 3

The models of serum markers combined with other factors to predict spontaneous preterm delivery


