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Abstract
Background: It is suggested that pregnancy-associated plasma protein-A (PAPP-A) levels below the fifth percentile or less than 0.4
multiples of the median (MoMs) during the first trimester are closely associated with higher risk for neonatal abnormalities. We
assessed the value of PAPP-A within the first trimester for predicting pregnancy outcome.
Methods: In a historical cohort study, we assessed 8460 consecutive pregnant women recruited for chromosomal abnormalities
screening within the first trimester at Fertility Infertility and Perinatology Research Center, in Ahvaz Jundishapur University of
Medical Sciences between April 2014 and April 2015. The women were categorized into two groups: pregnant women with
PAPP-A levels below 0.4 multiples of MOM (n = 237) and those with higher levels of PAPP-A (n = 237).
Results: The median value of MOM PAPP-A was 0.82 ± 0.78, with 237 women having MOM PAPP-A lower than 0.4. Compared
to women with MOM PAPP-A higher than 0.4, those with lower MOM PAPP-A had higher mean age, lower gestational age and
lower birth weight. The prevalence of small for gestational age (SGA) was higher in women with MOM PAPP-A <0.4 compared to
others. According to the ROC curve analysis, MOM PAPP-A <0.4 had a high value for predicting SGA. best cutoff value for MOM
PAPP-A to predict SGA was shown to be 0.25, yielding a sensitivity of 84.7% and a specificity of 68.6%
Conclusion: Measuring the serum level of MOM PAPP-A during the first trimester is a valuable marker for predicting adverse
outcomes of pregnancy such as SGA.
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Introduction
For many years, serum biomarkers screening during
the first trimester has been used for identifying fetal
abnormalities and pregnancy outcome. The use of
maternal serum markers can be effectively applied to
rule out and predict the presence of any neonatal organ
defects, chromosomal abnormalities, and other perinatal
and postnatal risky conditions.1-3 The main biomarkers
to be considered for screening tests include beta human
chorionic gonadotropin (βHCG), alphafetoprotein (AFP),
inhibin-A, unconjugated estriol, and pregnancy-associated
plasma protein-A (PAPP-A).4-6 Since the introduction
of PAPP-A by Lin et al in 1974, this marker has been
identified as a valuable screening tool for assessment
of pregnancy outcome.7 PAPP-A is a macromolecular
glycoprotein with a molecular weight of 800 kDa that
is encoded by a gene located on chromosome 9q33.1.8
The main source of producing PAPP-A is the placenta as
a reproductive organ, as well as several non-reproductive

organs including colon, breast, kidney, and even bone
marrow.9 The function of PAPP-A is regulated by another
molecule named proMBP as a proteinase inhibitor for
PAPP-A. Thus, the PAPP-A/proMBP complex constitutes
the main property related to PAPP-A functionality.10
Several functions have been described for PAPP-A such
as a zinc carrier, a barrier against phagocytic-proteolytic
defense, and also as a predominating insulin-like growth
factor binding protein-4 proteinase that can degrade this
protein during pregnancy.11,12
It has been clearly demonstrated that PAPP-A has the
highest serum level during pregnancy. Serum PAPP-A
concentration increases exponentially with a doubling time
of 34 days during the first trimester, and then the levels
continue to rise throughout pregnancy until delivery.13
It has been shown that the concentration rises up with
a smaller gradient up to 36 weeks, after which the levels
increase more steeply right up to term.14 Maximum levels
are attained at term. More interestingly, the oscillatory
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changes in serum PAPP-A level are specific in normal
pregnancy and thus, any deviation in the level of this
marker during pregnancy can reflect abnormality in this
period.15 For instance, considerably reduced PAPP-A levels
have been shown in some abnormal neonatal conditions
such as small for gestational age (SGA), intrauterine
growth retardation (IUGR), stillbirth, neural defects, and
preeclampsia. It has been reported that PAPP-A levels
below the fifth percentile or less than 0.4 multiples of
the median (MoMs) during the first trimester are closely
associated with higher risk for neonatal abnormalities.16
However, some studies could not demonstrate this
predictive value for PAPP-A. The present study aims to
assess the value of PAPP-A during the first trimester for
predicting pregnancy outcome in a sample of Iranian
pregnant women.
Materials and Methods
In a historical cohort study, we assessed 8460 consecutive
pregnant women recruited for chromosomal abnormalities
screening within the first trimester (gestational age of 11 to
13 weeks) between April 2014 to April 2015 (ethical board
approval number: IRAJUMS.REC.1396.3). The exclusion
criteria were unavailability of patients’ information, the
impossibility for contact with the patient or lack of her
cooperation with collecting the required information, or
multiple pregnancies. According to the routine nationwide
program, all Iranian women are screened at the end of the
first trimester of pregnancy for trisomy 21 and also for
assessing the level of serum biomarkers including βHCG,
AFP, and PAPP-A. Due to the high cost of laboratory
kit available for assessing MOM PAPP-A and based on
biostatistics consultation, we had to randomly select a
number of patients in both groups with MOM PAPP-A
<0.4 and another group with higher values. In this regard
and based on the value of PAPP-A recorded in hospital
files, the women were categorized into two groups:
pregnant women with PAPP-A levels below 0.4 multiples
of MOM (n = 237) and those with higher levels of
PAPP-A (n = 237). The baseline characteristics of women
including mother age, age at pregnancy, birth weight, and
pregnancy-related complications such as preeclampsia,
SGA, IUFD, stillbirth, premature birth, or trisomy 21
were all extracted from recorded files. All biomarkers were
measured in a single laboratory using the same techniques
and protocols. The serum level of PAPP-A was measured
using the enzyme-linked Immunosorbent Assay (ELISA)
techniques (Quantikine, R&D Systems, Minneapolis,
MN, USA). The study endpoint was to assess the role
of serum PAPP-A level in predicting adverse outcome of
pregnancy.
Results were presented as mean ± standard deviation
(SD) for parametric quantitative variables or median (1st,
3rd quartiles) for nonparametric quantitative variables and
were summarized by absolute frequencies and percentages

for categorical variables. Normality of data was analyzed
using the Kolmogorov-Smirnov test. Categorical variables
were compared using chi-square test or Fisher exact test
when more than 20% of cells with expected count of
less than 5 were observed. Quantitative variables were
also compared with t test or Mann-Whitney U test. The
predictive value of PAPP-A and the best cutoff point of
this marker for predicting adverse pregnancy outcome was
determined by assessing the area under the ROC curve.
The statistical software SPSS version 16.0 for windows
(SPSS Inc., Chicago, IL) was used for all analyses. P values
of 0.05 or less were considered statistically significant.
Results
In total, 474 pregnant women were assessed with a mean
age of 29.83 ± 4.95 years, ranging 18 to 44 years, mean
weight gain of 13.58 ± 4.39 kg, and mean gestational age
of 38.12 ± 1.75 weeks. The overall prevalence of SGA (<10
the centile) was 7.6% and that of LGA was 0.9%. Also, 7.4
% of neonates suffered from preterm birth. Preeclampsia
was reported in 4.6% of women and abortion in 3.2%.
No case of stillbirth or trisomy was detected in the study
population. The median value (quartiles 1st, 3rd) of MOM
PAPP-A was estimated to be 0.82 ± 0.78 (0.006, 6.98)
with 237 women (2.99%) having MOM PAPP-A lower
than 0.4. As shown in Table 1, compared to women with
MOM PAPP-A higher than 0.4, those with lower MOM
PAPP-A had similar mean age, lower gestational age at
pregnancy, similar mean maternal weight gain, and lower
birth weight. The overall prevalence of SGA was higher
in women with MOM PAPP-A < 0.4 compared to other
women (10.7% versus 4.7%, P < 0.001). Similarly, the
prevalence of abortion was significantly higher in the
former group (5.1% versus 3%, P < 0.03). The women
with MOM PAPP-A < 0.4 were similar in terms of
prevalence of preeclampsia compared to other pregnant
women (6.2% versus 3%, P = 0.114). There were 22
(9.8%) cases of preterm birth in the group with MOM
PAPP-A < 0.4 and 12 (5.1%) in the other group, indicating
no significant difference between the two groups. In total,
Table 1. Comparing Maternal and Neonatal Characteristics According to the
Value of MOM PAPP-A
Group with MOM
PAPP-A < 0.4

Group with MOM
PAPP-A ≥ 0.4

P
Value

Age, year

29.99 ± 5.05

29.68 ± 4.85

0.494

Gestational age, week

37.95 ± 1.95

38.28 ± 1.51

0.041

Weight gain, kg

13.23 ± 4.05

13.92 ± 4.67

0.313

Birth weight, g

3057.49 ± 595.71

3242.65 ± 490.76

0.001

SGA, %

24(10.7)

11 (4.7)

0.024

Preterm birth, %

22(9.8)

12(5.1)

0.078

Preeclampsia, %

14(6.2)

7 (3)

0.119

Abortion

12(5.1)

3(1.3)

0.034

Abbreviations: PAPP-A, pregnancy-associated plasma protein-A; SGA, small
for gestational Age; MOM, multiple of the median.
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MOM PAPP-A < 0.4 was associated with a 2.2-fold risk
for SGA. According to the ROC curve analysis (Figure 1),
MOM PAPP-A < 0.4 had a high value for predicting SGA
(AUC = 0.705, 95% CI: 0.622–835). In this regard, the
best cutoff value for MOM PAPP-A to predict SGA was
shown to be 0.25, yielding a sensitivity of 84.7% and a
specificity of 68.6%. Similarly, the area under the ROC
curve for predicting abortion by assessing MOM PAPP-A
was 0.741, indicating a partially acceptable role for this
biomarker in predicting abortion (Figure 2). The best
cutoff value for MOM PAPP-A to predict abortion was
0.25, yielding a sensitivity of 82.6% and a specificity of
80%.
Discussion
In line with previous literature on the value of MOM
PAPP-A in predicting adverse outcome of pregnancy, our
study attempted to examine this goal in a large sample

Figure 1. ROC Curve Analysis to Determine the Value of PAPP-A
to Predict Small for Gestational Age (SGA).

of pregnant Iranian women. Similar to previous studies,
considering a cutoff value of 0.4 for this biomarker
measured at the end of the first trimester, MOM PAPP-A
could effectively predict SGA and abortion as the two
major adverse outcomes of pregnancy. However, it was less
valuable for predicting preeclampsia and preterm birth in
those women. Another important point was that in our
population, the cutoff point of 0.3 for MOM PAPP-A
might yield better accuracy for predicting the outcome of
pregnancy.
Reviewing the literature reveals similar findings on the
high predictive value of MOM PAPP-A < 0.4 for pregnancy
outcome. In a systematic review on 22 published papers,
Morris et al17 indicated that MOM PAPP-A < 0.4 had a
moderate correlation with some pregnancy outcomes
including preeclampsia (with 2-fold risk), premature birth
(with 2-fold risk), and total adverse outcome of pregnancy
(with 3.3-fold risk). In a study by Kaijomaa et al,18 MOM
PAPP-A < 0.3 was associated with increased risk for
aneuploidy and abortion; however, it was not associated
with preeclampsia, stillbirth, and need for cesarean
section. In another study by Balcı et al,19 a considerably
higher cutoff value was achieved for MOM PAPP-A (0.72)
for predicting pregnancy outcome with high sensitivity
(82.4%), but low specificity (29.8%). Lo et al.20 showed
that MOM PAPP-A could predict pregnancy outcome
with an AUC of 0.626; however, they introduced a cutoff
value of 0.23 for this marker that yielded a low sensitivity
for predicting outcome. Finally, Gundu21 showed a
significant association between MOM PAPP-A < 0.4 and
preterm labor which is similar to our result.
In conclusion, measuring the serum level of MOM
PAPP-A during the first trimester can be a valuable marker
for predicting adverse outcomes of pregnancy such as SGA
and abortion. The best cutoff value for this marker to
predict the outcome is 0.3 in pregnant Iranian women.
Few studies have assessed the value of PAPP-A in
prediction of outcome, and assessment of this value is the
main strength of the present study. Also, determination of
the optimal cutoff point for this marker can be very helpful
in predicting the outcome of concern. Nevertheless,
recruiting a small number of patients and not comparing
the predictive value of this marker to other biomarkers can
be considered as the main limitations of this study.
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Figure 2. ROC Curve Analysis to Determine the Value of PAPP-A
to Predict Abortion.

586

Arch Iran Med, Volume 22, Issue 10, October 2019

Ethical Statement
The study was ethically approved by Ahvaz Jundishapur University
of Medical Sciences registered with the ethical code of IRAJUMS.
REC.1396.3.

PAPP-A and Pregnancy
References
1. Yang L1, Zhao L, Jiang J, Liu J, Tao H, Wang J, et al. Serum
marker screening during the second trimester for prenatal
diagnosis and predicting pregnancy outcome. Iran J Public
Health. 2013;42(Supple1):42-9.
2. Gagnon A1, Wilson RD, Audibert F, Allen VM, Blight C, Brock
JA, et al. Obstetrical complications associated with abnormal
maternal serum markers analytes. J Obstet Gynaecol Can.
2008;30(10):918-932. doi: 10.1016/S1701-2163(16)32973-5.
3. Hoorsan H, Alavi Majd H, Chaichian S, Mehdizadehkashi A,
Hoorsan R, Akhlaqghdoust M, et al. Maternal Anthropometric
Characteristics and Adverse Pregnancy Outcomes in
Iranian Women: A Confirmation Analysis. Arch Iran Med.
2018;21(2):61-6.
4. YuanW, Chen L, Lopez A. Is elevated maternal serum alphafetoprotein in the second trimester of pregnancy associated
with increased preterm birth risk. Eur J Obstet Gynecol Reprod
Biol. 2009;145(1):57-64. doi: 10.1016/j.ejogrb.2009.04.017.
5. Krymko H, Bashiri A, Smolin A, Sheiner E, Bardavid J, ShohamVardi I, et al. Risk factors for recurrent preterm delivery. Eur J
Obstet Gynecol Reprod Biol. 2004;113(2):160-3.
6. Zarzour SJ, Gabert HA, Diket AL, St Amant M, Miller
JM Jr. Abnormal maternal serum alpha fetoprotein and
pregnancy outcome. J Matern Fetal Med. 1998;7(6):304-7.
doi:
10.1002/(SICI)1520-6661(199811/12)7:6<304::AIDMFM9>3.0.CO;2-4
7. Baer RJ, Lyell DJ, Norton ME, Currier RJ, Jelliffe-Pawlowski
LL. First trimester pregnancy-associated plasma protein-A
and birth weight. Eur J Obstet Gynecol Reprod Biol. 2016
Mar;198:1-6. doi: 10.1016/j.ejogrb.2015.12.019.
8. Silahtaroglu AN, Tümer Z, Kristensen T, Sottrup-Jensen
L, Tommerup N. Assignment of the human gene for
pregnancy-associated plasma protein A (PAPPA) to 9q33.1
by fluorescence in situ hybridization to mitotic and meiotic
chromosomes. Cytogenet Cell Genet. 1993;62(4):214-6. doi:
10.1159/000133479
9. Conover CA, Oxvig C. PAPP-A: a promising therapeutic target
for healthy longevity. Aging Cell. 2017;16(2):205-209. doi:
10.1111/acel.12564.
10. Weyer K, Glerup S. Placental regulation of peptide hormone
and growth factor activity by proMBP. Biol Reprod.
2011;84(6):1077-86. doi: 10.1095/biolreprod.110.090209.
11. Fialova L, Malbohan IM. Pregnancy-associated plasma protein
A (PAPP-A): theoretical and clinical aspects. Bratisl Lek Listy.
2002;103(6):194-205.
12. Sivanandam AS, Mohan S, Kita H, Kapur S, Chen ST, Linkhart
TA, et al. Studies on regulation of IGF (insulin-like growth
factor)-binding protein (IGFBP) 4 proteolysis by pregnancy-

13.

14.

15.

16.

17.

18.

19.

20.

21.

associated plasma protein-A (PAPP-A) in cells treated with
phorbol ester. Biochem J. 2004;379(Pt 1):57-64. doi: 10.1042/
BJ20030937
Kirkegaard I, Uldbjerg N, Oxvig C. Biology of pregnancyassociated plasma protein-A in relation to prenatal diagnostics:
an overview. Acta Obstet Gynecol Scand. 2010;89(9):111825. doi: 10.3109/00016349.2010.505639.
Brambati B, Macintosh MC, Teisner B, Maguiness S,
Shrimanker K, Lanzani A, et al. Low maternal serum levels of
pregnancy associated plasma protein A (PAPP-A) in the first
trimester in association with abnormal fetal karyotype. Br J
Obstet Gynaecol. 1993;100(4):324-6. doi: 10.1111/j.14710528.1993.tb12973.x
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(9):778-82. Doi:
10.1002/pd.407
Kwik M, Morris J. Association between first trimester
maternal serum pregnancy associated plasma protein-A and
adverse pregnancy outcome. Aust N Z J Obstet Gynaecol.
2003;43(6):438-42. doi: 10.1046/j.0004-8666.2003.00126.x
Morris RK, Bilagi A, Devani P, Kilby MD. Association of serum
PAPP-A levels in first trimester with small-for-gestationalage and adverse pregnancy outcomes: systematic review
and meta-analysis. Prenat Diagn. 2017;37(3):253-265. doi:
10.1002/pd.5001. Epub 2017 Feb 17.
Kaijomaa M, Ulander VM, Hämäläinen E, Alfthan H,
Markkanen H, et al. The risk of adverse pregnancy outcome
among pregnancies with extremely low maternal PAPP-A.
Prenat Diagn. 2016;36(12):1115-20. doi: 10.1002/pd.4946.
Epub 2016 Nov 18.
Balcı S. Predictive values of maternal serum PAPP-A level,
uterine artery Doppler velocimetry, and fetal biometric
measurements for poor pregnancy and poor neonatal
outcomes in pregnant women. J Turk Ger Gynecol Assoc.
2016;17(3):143-9.
doi:
10.5152/jtgga.2016.16040.
eCollection 2016.
Lo TK, Yuen-Kwong Chan K, Sik-Yau Kan A, Pui-Wah Hui A,
Wan-Man Shek N, Hoi-Yin Tang M. Pregnancy-associated
plasma protein A (PAPP-A) to predict adverse fetal outcomes in
Chinese: What is the optimal cutoff value? J Obstet Gynaecol.
2016;36(7):902-3.
Gundu S, Kulkarni M, Gupte S, Gupte A, Gambhir M, Gambhir
P. Correlation of first-trimester serum levels of pregnancyassociated plasma protein A with small-for-gestationalage neonates and preterm births. Int J Gynaecol Obstet.
2016;133(2):159-63. doi: 10.1016/j.ijgo.2015.09.022.

© 2019 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Arch Iran Med, Volume 22, Issue 10, October 2019

587

