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The Efficacy of First Trimester Maternal PAPP-A and
Free B-hCG Levels in Predicting Adverse Pregnancy
Outcomes
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ABSTRACT

Objective: This study aimed to determine the efficacy of first trimester maternal pregnancy associated plasma protein-A (PAPP-A) and free human chorionic
gonadotropin (B-hCG) levels in predicting adverse pregnancy outcomes.

Method: A total of 1104 women (mean+SD age: 29.1+5.7 years) with singleton pregnancies who had antenatal first trimester screening test within 11-14 ges-
tational weeks were included in this retrospective study. Data on obstetric and fetal characteristics and adverse pregnancy outcomes were recorded. PAPP-A
and B-hCG, based on multiples-of-median (MoM) values, were categorized as normal (0.5-2.5 MoM) or abnormal (Low: <0.49 MoM and high: >2.5 MoM) and
they were evaluated by Odds ratio according to obstetric and fetal characteristics and adverse pregnancy outcomes.

Results: While the rates of intrauterine growth restriction (IUGR), preterm premature rupture of the membranes (PPROM), small for gestational age baby
(SGA), neonatal death, gestational diabetes and abruptio placentae were found to be higher in pregnant women with PAPP-A level of 0.49 and below, there
was no difference in large for gestational age baby (LGA) rates. While the rates of abortion, preeclampsia, IUGR, SGA, preterm labor, abruptio placentae, and
gestational hypertension were found to be significantly higher in pregnant women with 8-hCG level of 0.49 and below, no difference was found in terms of
abortion, preeclampsia, preterm delivery, gestational hypertension, and LGA rates.

Conclusion: Since first-trimester maternal serum PAPP-A and 8-hCG Levels are associated with IUGR, PPROM, SGA, neonatal death, gestational diabetes and
abruptio placentae, it may be used to detect pregnant women requiring additional fetal surveillance.
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0z

Amac: Calismanin amaci, itk trimester maternal serum gebelikle iliskili plazma protein A (PAPP-A) ve serbest beta-human koryonik gonadotropin (beta-hCG)
diizeylerinin koti gebelik sonuglarini 6ngérmedeki etkinligini saptamakr.

Yontem: Bu retrospektif calismaya, tekil gebeligi olan ve 11 ila 14. gestasyonel haftalarda antenatal ilk trimester tarama testi yapilan toplam 1104 gebe dahil edildi.
Obstetrik ve fetal dzellikler ile kétti gebelik sonuglarina ait veriler kaydedildi. PAPP-A ve beta-hCG medyan katsayilari (MoM) esas alinarak, normal (0,5-2,5 MoM),
anormal (disiik: <0,49 MoM ve yiiksek >2,5 MoM) seklinde siniflandirildi ve bunlar Odds orani kullanilarak obstetrik ve fetal dzellikler ile kétd gebelik sonuclarina
gore degerlendirildi.
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Bulgular: PAPP-A diizeyi 0,49 ve altinda olan gebelerde abortus, preeklampsi, intrauterin gelisme geriligi (IUGR), gestasyon haftasina gdre kiiciik (SGA) be-
bek, preterm eylem, dekolman plasenta, gestasyonel hipertansiyon oranlari bakimindan normal olgulara gére anlamli diizeyde yuksek saptandi. Gestasyon
haftasina gére blytik (LGA) bebek oranlari acisindan fark saptanmadi. Beta-hCG diizeyi 0,49 ve altinda olan gebelerde IUGR, preterm premattir membran
rliptird (PPROM), SGA, neonatal 6Liim, gestasyonel diyabet ve dekolman plasenta oranlari normal olgulara gdre yiiksek saptanirken abortus, preeklampsi,
preterm eylem, gestasyonel hipertansiyon ve LGA oranlari agisindan fark saptanmadi.

Sonug: ilk trimester maternal serum PAPP-A ve beta-hCG disiikliigii IUGR, PPROM, SGA, neonatal 6lim, gestasyonel diyabet ve dekolman plasentaile iliskili

bulunmasi nedeniyle ek fetal izlem gerektiren gebelerin tespitinde kullanilabilir.

Anahtar kelimeler: iLk trimester, olumsuz gebelik sonuclari, PAPP-A, prediktif deger, beta-hCG

INTRODUCTION

The first trimester maternal serum pregnancy-associated
plasma protein-A (PAPP-A) and free p-human chorionic go-
nadotropin (B-hCG) testing is widely used in prenatal screen-
ing for detection of pregnancies with fetal trisomies 21, 18,
and 13.-% However, data from follow-up studies have also
revealed their utility in estimating adverse pregnancy out-
comes in the presence of confirmed normal fetal karyotype,
which resulted in concerns regarding the fetal well-being in
these 'high-risk' pregnancies.z

Therefore, low maternal serum Llevels of PAPP-A and/or B-hCG
in the first trimester have been reported to be associated with
increased risk of low birth weight, preterm delivery, miscar-
riage, intrauterine growth restriction (IUGR), small for ges-
tational age (SGA).B>"9 However, while some studies have
indicated low levels of serum PAPP-A are associated with
early-onset placental dysfunction and thus adverse obstetric
and neonatal outcome in euploid fetuses, low sensitivity and
week-to-moderate association has also been emphasized as
major drawbacks.B4 1 |n addition, the association between
pregnancy complications and low levels of B-hCG is considered
to be less clear.®-13 Particularly, the association between
these maternal serum analytes and adverse outcomes remains
controversial with no current guidelines available for optimal
surveillance of the suggested high-risk pregnancies.B4114-17

The aim of this study was to determine the utility of first tri-
mester maternal PAPP-A and B-hCG levels in predicting ad-
verse pregnancy outcomes in singleton pregnancies.

METHOD

Study Population

A total of 1104 women (mean+SD age: 29.1+5.7 years) with
singleton pregnancies who had antenatal first trimester
screening test (PAPP-A and $-hCG) within 11-14" gestation-
al weeks of antenatal follow up and then regularly followed
until delivery at istanbul Kanuni Sultan Sileyman Health
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Training and Research Hospital were included in this retro-
spective study between July 2012 and February 2014.

This study was conducted in accordance with the ethics prin-
ciples stated in the "Declaration of Helsinki" and approved
by the institutional ethics committee (date of approval:
25/04/2014; protocol no: KAEK/2014/1/5).

Study Parameters

Data on maternal age, height, weight, body mass index
(BMI), hypertension, insulin dependent diabetes, smoking,
obstetric (gravidity, parity, abortion and delivery type) and
fetal characteristics, adverse pregnancy outcomes includ-
ing gestational diabetes, gestational hypertension, pre-
eclampsia, preterm premature rupture of the membranes
(PPROM), placental abruption, abortion, IUGR, SGA, large
for gestational age (LGA), preterm delivery and neonatal
mortality were recorded.

PAPP-A and R-hCG, based on multiples of median (MoM)
values, were categorized as normal (0.5-2.5 MoM) or abnor-
mal (low: <0.49 MoM and high: >2.5 MoM) and were evaluat-
ed according to obstetric and fetal characteristics, the preg-
nancy complications and fetal adverse outcomes. The odds
ratios (OR) of adverse outcomes were analyzed for combined
risk incorporating both biochemical parameters and then
separately for each parameter.

Adverse Outcomes

Abortus was defined as pregnancy Loss prior to 20 complet-
ed weeks' gestation. Gestational hypertension was consid-
ered as increase in systolic blood pressure by >30 mmHg
and increase in diastolic blood pressure by >15 mmHg
compared to pre-pregnancy or first trimester values along
with a recorded blood pressure of >140/90 mmHg at two
consecutive measurement. Preeclampsia was considered
in case of hypertension accompanied with edema and pro-
teinuria emerging after 20 completed weeks of gestation.
Placental abruption was considered as the early separation
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Table 1. Maternal characteristics, obstetric history and first trimester screening for

3-hCG plus PAPP-A

Maternal characteristics % MeantSD Min-max
Age (year) 29.1+5.7 16-46
Height (cm) 159.0+6.0 151-171
Weight (kg) 64.1£11.3 40-123
BMI (kg/m2) 25.3+4.8 15.43-53.95
Hypertension 58 53
Insulin dependent diabetes mellitus 38 3.4
Smoking 85 77
Test week 12.2+0.7 10-14
Obstetric history
Gravidity 2 1-11
Parity 1 0-10
Abortion 0 0-8
3-hCG (MoM) 1.36+1.14 0.11-7.55
PAPP-A (MoM) 1.11+1.08 0.08-10.37
Test categories Normal Low High
(0.5-2.5 MoM) (<0.49 MoM) (>2.5 MoM)
% n % n %

B-hCG (MoM)
PAPP-A (MoM)

585

55.4 301 273 191 17.3
53.0 396 35.9 123 111

-hCG: Beta-human chorionic gonadotropin; PAPP-A: Pregnancy-associated plasma protein-A; BMI: Body

mass index

of a normally placed placenta from the lining of the uterus
before completion of the second stage of labor. PPROM re-
ferred to rupture of fetal membranes prior to labor before
37 weeks of gestation.

SGA and LGA were considered for a fetal birthweight being
less than expected for the gestational age (<10. percen-
tile) and more than expected for the gestational age (>90.
percentile), respectively. Fetal, perinatal, and neonatal
mortality were considered for intrauterine death of a fe-
tus >500 g, death of a fetus at =28. gestational week and
death within the first seven days postpartum, respectively.
IUGR was considered as fetal weight <10. percentile of the
gestational week accompanied with oligohydramnios and
pathologic fetal Doppler findings. Preterm delivery was
defined as a spontaneous delivery before 37 completed
weeks of gestation.

Statistical Analysis

Statistical analysis was made using NCSS 2007 statistical
Software (Utah, USA). Chi-square (x?) test and OR were used

for the comparison of categorical data. Independent sam-
ple t-test was used for parametric variables. Data were ex-
pressed as meansstandard deviation (SD), 95% confidence
interval (Cl) and percent (%) where appropriate. A p-value
less than 0.05 was considered statistically significant.

RESULTS

Maternal Characteristics, Obstetric History and Screening for
R-hCG and PAPP-A

Maternal characteristics, obstetric history and screening for
-hCG and PAPP-A are shown in Table 1. 3-hCG levels per se
were normal in 612 (55.4%) pregnancies, low in 301 (27.3%)
and high in 191 (17.3%) pregnancies, while the PAPP-A-lev-
els per se were normal in 585 (53.0%) pregnancies, low in
396 (35.9%) and high in 123 (11.1%) pregnancies (Table 1).

Maternal and Obstetric Characteristics with Respect to 8-hCG
and PAPP-A

No significant difference was noted between pregnant wom-
en with low vs. normal findings on combined PAPP-A and
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Table 2. Maternal characteristics according to normal and abnormal B-hCG and

PAPP-A groups

3-hCG and PAPP-A

Abnormal Normal P
(<0.49 MoM) (0.5-2.5 MoM)
(n=250) (n=516)
n % n %
Maternal characteristics
Age (year), mean+SD 28.62+5.39 29.16+5.85 0.216
Height (cm), meanSD 160+6 159+6 0.240
Weight (kg), mean+SD 64.4+11.15 63.83+11.79 0.522
Body mass index (kg/m?), mean+SD 25.28+4.8 25.19+4.87 0.818
Hypertension 18 72 40 47 0.117
Insulin dependent diabetes 7 2.8 31 3.6 0.527
Smoking 18 72 67 79 0.736
Delivery type
Cesarean section 127 50.8 448 52.5 0.644
Vaginal delivery 123 49.2 406 475
Fetal sex
Female 121 48.4 414 48.5 0.983
Male 129 51.6 440 51.5

PAPP-A: Pregnancy-associated plasma protein-A; 8-hCG: Beta-human chorionic gonadotropin

3-hCG testing in terms of maternal characteristics, delivery
type or fetal sex (Table 2).

Adverse Pregnancy Outcomes with Respect to B-hCG results

Low vs. normal 3-hCG levels were associated with higher Like-
lihood of certain adverse pregnancy outcomes, and the stron-
gest associations were noted for neonatal mortality placental
abruption, gestational diabetes and SGA (Table 3, Fig. 1).

High vs. normal 3-hCG Llevels were only associated with low-
er likelihood of gestational hypertension and higher Llikeli-
hood of gestational diabetes (Table 3, Fig. 1).

Adverse Pregnancy Outcomes with Respect to PAPP-A levels

Low vs. normal PAPP-A levels were associated with higher
likelihood of several adverse pregnancy outcomes, and the
strongest associations were noted for placental abruption,
SGA, IUGR, abortion, gestational diabetes, neonatal mortali-
ty, preeclampsia and PPROM (Table 4, Fig. 1).

High vs. normal PAPP-A levels were also associated with
higher Llikelihood of certain adverse pregnancy outcomes
such as placental abruption, abortion and neonatal mor-
tality (Table 4, Fig. 1).
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DISCUSSION

Consistent with some Lliterature, our findings revealed sig-
nificant association of abnormal first trimester maternal
PAPP-A and 3-hCG levels with increased likelihood of cer-
tain pregnancy adverse outcomes, such as PPROM, placental
abruption, SGA, IUGR, preterm birth, preeclampsia, abortion,
stillbirth and gestational hypertensive disorders.781318-23

In addition, our findings indicated poorer performance of first
trimester maternal 8-hCG testing than PAPP-A testing in pre-
dicting the risk for placental abruption, gestational diabetes,
PPROM, neonatal mortality, SGA and IUGR. Moreover, no sig-
nificant association of i-hCG values was noted with the risk of
developing preeclampsia, abortion or preterm birth, despite
all were strongly predicted by PAPP-A (Table 3). These find-
ings seem consistent with the consideration of the association
between low levels of p-hCG and pregnancy complications
to be obscure and less clear than low PAPP-A levels, as re-
ported to be associated only with some adverse pregnancy
outcomes such as fetal loss, I[UGR, and low birth weight 471213

In the present study, low PAPP-A values were most strongly
predictive for increased risk of placental abruption and IUGR
amongst the adverse outcomes, while predictive value of low



Ozdemir and Aslan. First trimester PAPP-A and R-hCG in Predicting Adverse Pregnancy and Fetal Outcomes

Table 3. Pregnancy complications and fetal adverse outcomes with respect to B-hCG results

B-hCG
Normal Abnormal  Abnormal OR Low vs. P OR High vs. p
(0.5-2.5 Low (<0.49 High (>2.5 normal normal
MoM) MoM) MoM) %95 Cl %95 Cl
(n=612) (n=301) (n=191) (LL-UL) (LB-UB)
n % n % n %
Pregnancy complications
Abortion 73 11.9 45 14.9 25 131 1.29 0.87-1.94 0.240 111 0.68-1.80 0.736
Gestational hypertension 51 8.3 23 7.6 7 3.7 091 0.54-1.52 0.817 041 0.19-0.94 0.044
Gestational diabetes 67 109 77 256 33 173 279 194-402 <0.001 169 1.08-2.67 0.028
Preeclampsia 41 6.7 18 5.9 14 7.3 0.89 0.50-1.57 0.785 11 0.59-2.06 0.891
Placental abruption 10 1.6 15 4.9 4 2.1 3.15 1.4-711 0.007 1.29 0.4-4.15 0.914
PPROM 40 6.5 45 14.9 17 8.9 251 1.6-3.95 <0.001 1.39 0.77-2.53 0.342
Fetal adverse outcomes
IUGR 46 75 43 143 21 109 205 1.32-319 0.002 152  0.88-2.62 0.171
SGA 44 7.2 52 17.3 14 7.3 2.69 1.76-4.13 <0.001 1.02 0.54-1.91 0.948
LGA 11 18 8 2.7 4 2.1 1.49 0.59-3.74 0.542 117 0.37-3.71 0.791
Preterm birth 44 7.2 25 8.3 17 89 117 0.7-1.95 0.641 1.27 0.71-2.28 0.518
Neonatal mortality 7 11 17 5.7 4 2.1 517  2.12-12.62 0.002 1.85 0.53-6.38 0.528

3-hCG: Beta-human chorionic gonadotropin; OR: Odds ratio; Cl: Confidence interval; LL: Lower Llimit; UL: Upper limit; LB: Lower bound; UB: Upper bound; PPROM:

Preterm premature rupture of the membranes; IUGR: Intrauterine growth retardation; SGA: Small for gestational age; LGA: Large for gestational age

B-hCG was much lower for these outcomes. This supports
the growing evidence that decreased PAPP-A is associated
with a delivery of a SGA baby at the end of pregnancy.?*-2®!

In a study with 8012 pregnant women on the association be-
tween first-trimester trisomy 21 screening markers with ad-
verse pregnancy outcome, the authors have reported that
PAPP-A <1. percentile (OR 5.4) and PAPP-A <5. percentile (OR
2.7) and B-hCG <1. percentile (OR 2.7) were associated with
increased risk of IUGR with positive predictive values of 24.1%,
14.1%, and 14.3%, respectively, while PAPP-A <5. percentile
(OR 2.3) was also associated with increased risk of preterm
delivery before 34 weeks of gestation.” The authors have also
noted that the especially high predictive power of PAPP-A lev-
els for IUGR suggests the likelihood of patients in this group to
benefit from increased surveillance for this condition.™”

Especially in the present study, not only abortion but also
placenta-related complications (preeclampsia, placental
abruption) and fetal adverse outcomes (preterm delivery,
SGA, IUGR and neonatal mortality) had strong relationships
particularly with low PAPP-A levels, suggesting that the po-
tential benefit increased surveillance in patients at risk of
these conditions. Indeed, the strong predictive role of low

PAPP-A for several pregnancy complications and fetal ad-
verse outcomes in the present study seems consistent with
the association of decreased production of PAPP-A with low-
er placental size, decreased placental perfusion and lower
umbilical artery pH as well as the increased risk for intrapar-
tum fetal distress development and preterm delivery.3182930

The differences in PAPP-A levels, especially the extremely
low PAPP-A Levels enabling higher predictivity for adverse
neonatal outcomes, is suggested to emphasize the likelihood
of more careful and delicate antepartum surveillance to be
required for avoiding adverse perinatal outcomes in that
selected group of patients.3! Therefore, our findings em-
phasize the likelihood of a high-risk maternal serum screen,
the abnormal-low PAPP-A in particular, to be useful clinical
biomarker to identify the women requiring additional fetal
surveillance for increased risk of early pregnancy complica-
tions as well as adverse fetal outcomes. 2

Nonetheless, it should be noted that the association between
these maternal serum makers and abnormal pregnancy
outcomes remains controversial mostly due to overall low
sensitivity and high false-positive rates.®1 Hence, despite
presence of a number of associations with adverse outcomes,
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Adverse pregnancy outcomes (%)

Figure 1. Adverse pregnancy outcomes according to PAPP-A and (-hCG results

PAPP-A: Pregnancy-associated plasma protein-A; 8-hCG: Beta-human chorionic gonadotropin

especially in case of PAPP-A, some studies have indicated
that neither of these tests have appropriate performance
characteristics to be considered as screening tests, limiting
their utility as effective surveillance tools in chromosomally
normal pregnancies.4232]

Both low and high abnormal levels of B-hCG and PAPP-A
were associated with increased likelihood of gestational dia-
betes in our cohort. Likewise, previous studies have reported
that first-trimester p-hCG could predict second-trimester
gestational diabetes diagnosis,22%3 while high B-hCG levels
have also been reported to be an independent risk factor for
the development of gestational diabetes.B* In addition, low
PAPP-A has also been reported to predict gestational diabe-
tes development with a sensitivity of 73.3-81.4%, specificity
of 50.5-57.3% and an area under curve of 0.61-0.70.[35,36]
Thus, PAPP-A is considered useful as the first-trimester of
pregnancy predictor for gestational diabetes development
but with limited utility in gestational diabetes diagnosis in
the second-trimester of pregnancy.?335-37
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Major strength of the current study seems to the close sim-
ilarity between groups in most of the potentially confound-
ing variables such as obstetric and fetal characteristics, and
the comprehensive analysis of low and high levels for 3-hCG
and PAPP-A as compared with normal-range in several sub-
groups of pregnancy complications and fetal adverse out-
comes. However, certain limitations to this study should be
considered. First, due to the retrospective single center de-
sign, a small sample size as well as potential bias during val-
idation of data retrieved from hospital records could not be
excluded. Second, lack of data on a longer-term follow-up
and combined analysis of other potential predictor factors
(i.e., maternal age, weight, smoking) is another limitation
which otherwise would extend the knowledge achieved in
the current study.

In conclusion, our findings indicate the utility of high-risk
first-trimester screening, particularly low PAPP-A levels,
in predicting adverse pregnancy and fetal outcomes in sin-
gleton pregnancies, and thus in identifying women requir-
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Table 4. Pregnancy complications and fetal adverse outcomes with respect to PAPP-A results

PAPP-A
Normal Abnormal Abnormal  OR Low vs. P OR High vs. p
(0.5-2.5 Low(<0.49 High (>2.5 normal normal
MoM) MoM) MoM) %95 Cl %95 Cl
(n=585) (n=396) (n=123) (LL-UL) (LB-UB)
n % n % n %
Pregnancy complications
Abortion 17 2.9 110 278 16 13.0 1285 756-21.84 <0.001 4.99 2.45-10.2 <0.001
Gestational hypertension 29 49 44 111 8 6.5 2.4 1.47-3.9 0.005 133  059-2.99  0.633
Gestational diabetes 29 49 129 326 19 155 926 6.03-14.21 <0.001 35 1.89-6.48 <0.001
Preeclampsia 13 2.2 51 12.9 9 7.3 6.5 3.49-12.13 <0.001 3.48 1.45-8.32 0.007
Placental abruption 2 0.3 23 5.8 4 33 2204 516-9415 <0.001 979 1.77-54.13 0.008
PPROM 21 3.6 74 18.7 7 5.7 6.28 3.8-10.39 <0.001 1.62 0.67-3.9 0.405
Fetal adverse outcomes
IUGR 10 1.7 93 235 7 5.7 1765 9.06-3439  0.001 3.47 1.29-9.31  0.022
SGA 10 17 96 24.2 4 3.3 18.4 9.45-35.82 <0.001 1.93 0.59-6.27 0.447
LGA 13 2.2 7 1.8 3 24 079 0.31-2 0.719 111 0.31-3.92  0.883
Preterm birth 23 3.9 58 147 5 41 419 253-6.92 <0.001 103 0.38-2.78  0.945
Neonatal mortality 4 0.7 20 51 4 3.3 772 2.62-2279 <0.001 488 1.2-19.8 0.048

PAPP-A: Pregnancy-associated plasma protein-A; OR: Odds Ratio; Cl: Confidence interval; LL: Lower Llimit; UL: Upper limit; LB: Lower bound; UB: Upper bound;
PPROM: Preterm premature rupture of the membranes; I[UGR: Intrauterine growth retardation; SGA: Small for gestational age; LGA: Large for gestational age

ing additional fetal surveillance. Low PAPP-A levels seem
to be most strongly predictive for placental abruption, SGA
and IUGR, followed by abortion, gestational diabetes, pre-
eclampsia, neonatal mortality, PPROM, preterm birth and
gestational hypertension, suggesting that pregnant women
at risk of these conditions may benefit from increased sur-
veillance. Low B-hCG levels seem to be a less powerful in-
dicator of adverse outcomes related to placental abruption,
gestational diabetes, PPROM, neonatal mortality, SGA and
IUGR along with no significant role in predicting the risk of
developing preeclampsia, abortion or preterm birth. None-
theless, the predictive efficacy of PAPP-A and 3-hCG should
be further evaluated in larger scale, longer-term and com-
bined marker analysis studies in terms of their clinical utility
and performance characteristics as screening tests to justify
their clinical utility as effective tools for closer surveillance
of adverse pregnancy outcomes.

Disclosures

Ethics Committee Approval: The study was approved by
the Istanbul Kanuni Sultan Suleyman Health Training and
Research Hospital Clinical Research Ethics Committee (No:
KAEK/2014/1/5, Date: 25/04/2014).

Informed Consent: Written informed consent was obtained
from all patients.

Peer-review: Externally peer reviewed.

Authorship Contributions: Concept: 0.0.; Design: 0.0.; Super-
vision: 0.0., H.A; Funding: 0.0.; Materials: 0.0.; Data Collec-
tion or Processing: 0.0.; Analysis or Interpretation: 0.0, H.A,;
Literature Search: 0.0.; Writing: 0.0,; Critical review: 0.0., H.A.

Conflict of Interest: No conflict of interest was declared by
the authors.

Financial Disclosure: The authors declared that this study
received no financial support.

REFERENCES

1. Kagan KO, Wright D, Valencia C, Maiz N, Nicolaides KH. Screening for
trisomies 21, 18 and 13 by maternal age, fetal nuchal translucency, fetal
heart rate, free beta-hCG and pregnancy-associated plasma protein-A.
Hum Reprod 2008;23:1968-75. [CrossRef]

2. Nicolaides KH. Screening for fetal aneuploidies at 11 to 13 weeks. Prenat
Diagn 2011;31:7-15. [CrossRef]

3. Godbole K, Kulkarni A, Kanade A, Kulkarni S, Godbole G, Wakankar A.
Maternal serum aneuploidy screen and adverse pregnancy outcomes. J
Obstet Gynaecol India 2016;66(Suppl 1):141-8. [CrossRef]

van Ravenswaaij R, Tesselaar-van der Goot M, de Wolf S, van Leeuw-
en-Spruijt M, Visser GH, Schielen PC. First-trimester serum PAPP-A

243


https://doi.org/10.1093/humrep/den224
https://doi.org/10.1002/pd.2637
https://doi.org/10.1007/s13224-015-0826-2

IKSSTD 2022;14(3):237-244

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

244

and fB-hCG concentrations and other maternal characteristics to es-
tablish logistic regression-based predictive rules for adverse pregnancy
outcome. Prenat Diagn 2011;31:50-7. [CrossRef]

Wright A, Guerra L, Pellegrino M, Wright D, Nicolaides KH. Maternal se-
rum PAPP-A and free B-hCG at 12, 22 and 32 weeks' gestation in screen-
ing for pre-eclampsia. Ultrasound Obstet Gynecol 2016;47:762—7.

Adibi JJ, Layden AJ, Yin Q, Xun X, Peddada S, Birru RL. A toolkit for the ap-
plication of placental-fetal molecular biomarkers in epidemiologic studies
of the fetal origins of chronic disease. Curr Epidemiol Rep 2021,8:20-31.

Krantz D, Goetzl L, Simpson JL, Thom E, Zachary J, Hallahan TW, et al.
Association of extreme first-trimester free human chorionic gonadotro-
pin-beta, pregnancy-associated plasma protein A, and nuchal translu-
cency with intrauterine growth restriction and other adverse pregnancy
outcomes. Am J Obstet Gynecol 2004;191:1452-8. [CrossRef]

Smith GC, Shah |, Crossley JA, Aitken DA, Pell JP, Nelson SM, et al. Preg-
nancy-associated plasma protein A and alpha-fetoprotein and predic-
tion of adverse perinatal outcome. Obstet Gynecol 2006;107:161-6.

Kirkegaard |, Uldbjerg N, Petersen OB, Tgrring N, Henriksen TB.
PAPP-A, free B-hCG, and early fetal growth identify two pathways lead-
ing to preterm delivery. Prenat Diagn 2010;30:956—-63. [CrossRef]

Jelliffe-Pawlowski LL, Shaw GM, Currier RJ, Stevenson DK, Baer RJ,
0'Brodovich HM, et al. Association of early-preterm birth with abnor-
mal levels of routinely collected first- and second-trimester biomark-
ers. Am J Obstet Gynecol 2013;208:492.e1-11. [CrossRef]

Fox NS, Shalom D, Chasen ST. Second-trimester fetal growth as a pre-
dictor of poor obstetric and neonatal outcome in patients with low
first-trimester serum pregnancy-associated plasma protein-A and a
euploid fetus. Ultrasound Obstet Gynecol 2009;33:34-8. [CrossRef]

Wu W, Zhang LF, Li YT, Hu TX, Chen DQ, Tian YH. Early rise of serum hcg
in gestational diabetes mellitus women with Llive birth through in vitro
fertilization procedure. Front Endocrinol (Lausanne) 2022;13:724198.

Dugoff L, Hobbins JC, Malone FD, Porter TF, Luthy D, Comstock CH, et al.
First-trimester maternal serum PAPP-A and free-beta subunit human
chorionic gonadotropin concentrations and nuchal translucency are
associated with obstetric complications: A population-based screening
study (the FASTER Trial). Am J Obstet Gynecol 2004;191:1446-51.

Morris RK, Cnossen JS, Langejans M, Robson SC, Kleijnen J, Ter Riet
G, et al. Serum screening with Down's syndrome markers to predict
pre-eclampsia and small for gestational age: Systematic review and
meta-analysis. BMC Pregnancy Childbirth 2008;8:33. [CrossRef]

Spencer K, Cowans NJ, Avgidou K, Molina F, Nicolaides KH. First-trimester
biochemical markers of aneuploidy and the prediction of small-for-ges-
tational age fetuses. Ultrasound Obstet Gynecol 2008;31:15-9. [CrossRef]

Sritippayawan S, Vachirasrisoontra C. Adverse pregnancy outcomes af-
ter a false-positive second trimester serum screen for Down syndrome
in Thai pregnant women. J Med Assoc Thai 2005;88:449-54.

Morssink LP, Kornman LH, Hallahan TW, Kloosterman MD, Beekhuis JR,
de Wolf BT, et al. Maternal serum levels of free beta-hCG and PAPP-A in
the first trimester of pregnancy are not associated with subsequent fetal
growth retardation or preterm delivery. Prenat Diagn 1998;18:147-52.

Spencer K, Cowans NJ, Nicolaides KH. Low levels of maternal serum
PAPP-A in the first trimester and the risk of pre-eclampsia. Prenat Di-
agn 2008;28:7-10. [CrossRef]

Gagnon A, Wilson RD; SOCIETY OF OBSTETRICIANS AND GYNAECOL-
OGISTS OF CANADA GENETICS COMMITTEE. Obstetrical complications
associated with abnormal maternal serum markers analytes. J Obstet
Gynaecol Can 2008;30:918-32. [CrossRef]

Smith GC, Stenhouse EJ, Crossley JA, Aitken DA, Cameron AD, Connor
JM. Early pregnancy levels of pregnancy-associated plasma protein a
and the risk of intrauterine growth restriction, premature birth, pre-

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33

34.

35.

36.

37.

eclampsia, and stillbirth. J Clin Endocrinol Metab 2002;87:1762—7.

Ong CY, Liao AW, Spencer K, Munim S, Nicolaides KH. First trimester
maternal serum free beta human chorionic gonadotrophin and preg-
nancy associated plasma protein A as predictors of pregnancy compli-
cations. BJOG 2000;107:1265-70. [CrossRef]

Yaron Y, Heifetz S, Ochshorn Y, Lehavi O, Orr-Urtreger A. Decreased first
trimester PAPP-A is a predictor of adverse pregnancy outcome. Prenat
Diagn 2002;22:778-82. [CrossRef]

Kavak ZN, Basgul A, Elter K, Uygur M, Gokaslan H. The efficacy of
first-trimester PAPP-A and free beta hCG levels for predicting adverse
pregnancy outcome. J Perinat Med 2006;34:145-8. [CrossRef]

Spencer K, Yu CK, Cowans NJ, Otigbah C, Nicolaides KH. Prediction of
pregnancy complications by first-trimester maternal serum PAPP-A
and free beta-hCG and with second-trimester uterine artery Doppler.
Prenat Diagn 2005;25:949-53. [CrossRef]

Dane B, Dane C, Batmaz G, Ates S, Dansuk R. First trimester maternal
serum pregnancy-associated plasma protein-A is a predictive factor for
early preterm delivery in normotensive pregnancies. Gynecol Endocri-
nol 2013;29:592-5. [CrossRef]

Patil M, Panchanadikar TM, Wagh G. Variation of papp-a level in the
first trimester of pregnancy and its clinical outcome. J Obstet Gynaecol
India 2014;64:116-9. [CrossRef]

Brameld KJ, Dickinson JE, O'Leary P, Bower C, Goldblatt J, Hewitt B, et
al. First trimester predictors of adverse pregnancy outcomes. Aust N Z J
Obstet Gynaecol 2008;48:529-35. [CrossRef]

Kirkegaard I, Uldbjerg N, Henriksen TB. PAPP-A and free f-hCG in rela-
tion to admission to neonatal intensive care unit and neonatal disease.
Prenat Diagn 2011;31:1169-75. [CrossRef]

Ozgen G, Dincgez Cakmak B, Dundar B, Tasgoz FN, Bayram F, Karadag
B. Is pregnancy associated plasma protein-A (PAPP-A) a marker for
adverse perinatal outcomes in preterm isolated oligohydramnios cases?
Taiwan J Obstet Gynecol 2018;57:71-5. [CrossRef]

Cole LA. Biological functions of hCG and hCG-related molecules. Re-
prod Biol Endocrinol 2010;8:102. [CrossRef]

Loncar D, Varjaci¢ M, Arsenijevi¢ S. Significance of pregnancy-associated
plasma protein A (PAPP-A) concentration determination in the assess-
ment of final outcome of pregnancy. Vojnosanit Pregl 2013;70:46-50.

Tong S, Ngian GL, Onwude JL, Permezel M, Saglam B, Hay S, et al. Di-
agnostic accuracy of maternal serum macrophage inhibitory cytokine-1
and pregnancy-associated plasma protein-A at 6-10 weeks of gestation
to predict miscarriage. Obstet Gynecol 2012;119:1000-8. [CrossRef]

Bogdanet D, Reddin C, Murphy D, Doheny HC, Halperin JA, Dunne F, et
al. Emerging protein biomarkers for the diagnosis or prediction of ges-
tational diabetes-a scoping review. J Clin Med 2021;10:1533. [CrossRef]

Yue CY, Zhang CY, Ying CM. Serum markers in quadruple screening
associated with adverse pregnancy outcomes: A case-control study in
China. Clin Chim Acta 2020;511:278-81. [CrossRef]

Ramezani S, Doulabi MA, Saghafi H, Alipoor M. Prediction of gesta-
tional diabetes by measuring the levels of pregnancy associated plas-
ma protein-a (papp-a) during gestation weeks 11-14. J Reprod Infertil
2020;21:130-7.

Ren Z, Zhe D, Li Z, Sun XP, Yang K, Lin L. Study on the correlation and
predictive value of serum pregnancy-associated plasma protein A, tri-
glyceride and serum 25-hydroxyvitamin D levels with gestational dia-
betes mellitus. World J Clin Cases 2020;8:864—73. [CrossRef]

Donovan BM, Nidey NL, Jasper EA, Robinson JG, Bao W, Saftlas AF, et
al. First trimester prenatal screening biomarkers and gestational di-
abetes mellitus: A systematic review and meta-analysis. PLoS One
2018;13:20201319. [CrossRef]


https://doi.org/10.1002/pd.2610
https://doi.org/10.1002/uog.15849
https://doi.org/10.1007/s40471-020-00258-x
https://doi.org/10.1016/j.ajog.2004.05.068
https://doi.org/10.1097/01.AOG.0000191302.79560.d8
https://doi.org/10.1002/pd.2593
https://doi.org/10.1016/j.ajog.2013.02.012
https://doi.org/10.1002/uog.6274
https://doi.org/10.3389/fendo.2022.724198
https://doi.org/10.1016/j.ajog.2004.10.040
https://doi.org/10.1186/1471-2393-8-33
https://doi.org/10.1002/uog.5163
https://doi.org/10.1002/(SICI)1097-0223(199802)18:2%3C147::AID-PD231%3E3.0.CO;2-W
https://doi.org/10.1002/pd.1994
https://doi.org/10.1016/S1701-2163(16)32973-5
https://doi.org/10.1210/jcem.87.4.8430
https://doi.org/10.1111/j.1471-0528.2000.tb11618.x
https://doi.org/10.1002/pd.407
https://doi.org/10.1515/JPM.2006.026
https://doi.org/10.1002/pd.1251
https://doi.org/10.3109/09513590.2013.788626
https://doi.org/10.1007/s13224-013-0481-4
https://doi.org/10.1111/j.1479-828X.2008.00912.x
https://doi.org/10.1002/pd.2858
https://doi.org/10.1016/j.tjog.2017.12.012
https://doi.org/10.1186/1477-7827-8-102
https://doi.org/10.2298/VSP110530023L
https://doi.org/10.1097/AOG.0b013e3182518fd3
https://doi.org/10.3390/jcm10071533
https://doi.org/10.1016/j.cca.2020.10.029
https://doi.org/10.12998/wjcc.v8.i5.864
https://doi.org/10.1371/journal.pone.0201319



