Original Article

Evaluation of the Relationship between Pregnancy-Associated
Plasma Protein A (PAPP-A) and Pregnancy Outcomes

Minoo Movahedi, Somayeh Khanjani, Zahra Shahshahan, Maryam Hajihashemi, Farinaz Farahbod, Elaheh Shahsavandi
Department of Obstetrics and Gynecology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

Background: In the current study, we aimed to evaluate the association between pregnancy-related plasma protein-A (PAPP-A) levels measured
in the first trimester and pregnancy outcomes.

Materials and Methods: This is a descriptive-analytical study that was performed in 2019--2021 on 1061 pregnant women in their first
trimester. Demographic and basic information of all women were collected. These data included age, weight, parity, and date of delivery. Then
the quantity of PAPP-A was recorded in three groups including less than 0.5 MOM, 0.5 to 2.5 MOM, and more than 2.5 MOM.

Results: Data of 1061 women were analyzed. 900 women (84.8%) had term delivery and 155 women (14.6%) had pre-term deliveries. PAPP-A
levels were normal in 83.4% of women. BMI and number of pregnancies had significant relationships with PAPP-A (p < 0.001, P = 0.03
respectively). The mean BMI in mothers with PAPP-A higher than 2.5 was significantly more than mothers with normal or lower PAPP-A
levels (26.2 + 31, P = 0.04). The frequency of term labor in mothers with normal PAPP-A was higher than other mothers (86.3%, P = 0.04).
The frequency of preeclampsia in recent pregnancies in mothers with normal PAPP-A was significantly lower than other mothers (p < 0.001)
and the frequency of abortions in recent pregnancies in mothers with PAPP-A less than 0.5 was significantly higher than mothers with normal
or elevated PAPP-A (p < 0.001).

Conclusion: Mothers with low PAPP-A levels are more likely to have poor pregnancy outcomes such as abortion, pre-term labor, and
preeclampsia.
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INTRODUCTlON the use of invasive methqu .and also to determine the. risk of
chromosomal abnormalities in the fetus.®! In the first trimester
screening, a combination of serum markers, namely free beta
HCG, and pregnancy-related plasma protein-A (PAPP-A) can
be used in combination with ultrasound markers such as nasal
bone presence and transparency thickness (NT), which studies
showed that the detection rate of some screening method more
than 90% with a false-positive rate of 5%. For the second
trimester, serum levels of human choriogonadotropin (HCG),

Adverse pregnancy outcomes increased the cost of
healthcare as well as the psychological impact on the family.
Predictive methods allow obstetricians to improve pregnancy
outcomes with increased obstetric surveillance and optimum
management.!'! As modern medicine tries to classify high-risk
populations using different screening programs, there is an
effective program based on screening for aneuploidy and
Down syndrome during pregnancy.”” Non-invasive diagnosis
is the basis of prenatal screening, which allows us to limit
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alpha photoprotein (AFP), inhibin A, and estriol can be
measured.

Several trials recently reported that low serum concentration
of PAPP-A might be associated with poor neonatal and poor
pregnancy outcomes.[® PAPP-A was first discovered in 1974 in
the serum of pregnant women. PAPP-A is a protease produced
by syncytial trophoblast of the placenta and enters the maternal
circulation immediately after implantation.”®] This protein is
a metalloproteinase that cleaves insulin-like growth factor
binding protein 4 (IGFBP4), acts as a growth-promoting
enzyme by binding to cell surfaces and releasing bioactive
insulin growth factor (IGF) adjacent to their receptors.!”
Therefore, due to the association between PAPP-A and levels
of bioactive IGF, it can play an important role in placentation
and fetal growth.[”? Gestational age increases the level of
PAPP-A in maternal blood, with highest serum levels at term
and decreases rapidly after delivery.' Also, Maternal PAPP-A
concentrations are higher in primigravida pregnancies than
multiple pregnancies. Nevertheless, PAPP-A is recognizable
even in the plasma of both nonpregnant women and men
with highly sensitive methods. Many factors such as weight,
smoking status, maternal age, ethnicity, and the conception
method can affect the serum concentration of PAPP-A.['

Low serum concentration of PAPP-A in maternal circulation
is an important sign of early placental insufficiency in the
first trimester of pregnancy. However, its complications on
the fetus reach a detectable level in the second trimester.!'”
Nevertheless, growth insufficiency determined in the second
three months of pregnancy is also directly associated with poor
neonatal and poor pregnancy outcomes.!'¥ When the level of
PAPP-A in the maternal blood decreased, the availability of
IGF is impaired. Hence, several studies have reported that
the low level of PAPP-A might increase the risk of pregnancy
complications associated with the placenta such as intrauterine
growth restriction (IUGR), preterm delivery (PTD), small
for gestational age (SGA), spontaneous abortion (SA), and
preeclampsia (PE).l'*15 There are several investigations
showing that the PAPP-A serum levels may have a weak
inverse association with HbAlc levels.l'! Despite all the
studies, none of them could determine the sensitivity of
PAPP-A in determining low-risk or high-risk pregnancies
in terms of adverse outcomes. The aim of this study was to
investigate the association between PAPP-A levels measured
in the first trimester and pregnancy outcomes. This indicates
the novelty of our study.

MarteriALs AND METHODS
Study design

This is a descriptive-analytical study that was performed
in 2019-2021 in educational medical centers affiliated to
Isfahan University of Medical Science. The current study
was conducted on all pregnant women in their first trimester
referring to our medical centers. The study protocol was
approved by the Research Committee of Isfahan University
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of Medical Sciences and the Ethics committee has confirmed
it (Ethics code: IRRMUL.MED.REC.1399.1003).

Inclusion and exclusion criteria

The inclusion criteria were pregnant women with age of
18-35 years, first visit during the first trimester of pregnancy,
gestational age between 11 and 13 weeks + 6 days, spontaneous
pregnancies, and signing the written informed consent to
participate in this study. The exclusion criteria were previous
history of cardiovascular diseases, diabetes and hypertension,
chromosomal disorders of the fetus, multiple pregnancy and
fetus anomalies, BMI more than 30 or less than 18 kg/m?,
smokers, usage of assisted pregnancy methods, patients with
other ethnicities than Iranian, lack of regular follow-up, defect
in the medical documents and mother’s will to exit the study.

All women who met the inclusion criteria entered the study.
Demographic and basic information of all women were
collected. These data included age, weight, parity, and date
of delivery.

Measurements

Then the quantity of PAPP-A was recorded in three groups
including below 0.5 MOM (low levels), 0.5-2.5 MOM
(normal levels), and more than 2.5 MOM (high levels). All
patients were sampled in laboratory of Al-Zahra hospital,
affiliated to Isfahan University of Medical Sciences. We should
note that the PAPP-A levels were measured using IMO light
method.

Data gathering

The women were followed to the end of the pregnancy by
regular visits and also phone calls. The outcomes of the
pregnancy and any complications were collected among
women. These outcomes included: preeclampsia, eclampsia,
age of delivery (preterm, term, and post-term), abortion and
birth weight (macrosomic, normal, low birth weight (LBW) and
very low birth weight (VLBW), stillbirth and third trimester
disorders of pregnancy including Placental abruption, Placenta
Previa, Placenta Accreta, vasa previa, and thick meconium.

Statistical analysis

The obtained data were entered into the Statistical Package
for Social Sciences (SPSS) version 24. We used one way
ANOVA, Tukey post hoc, Chi square, Likelihood Chi square,
and Pearson correlation tests to compare data. P Value <0.05
was considered as significance threshold.

ResuLts

In the present study, data of 1061 women were analyzed.
Primary analysis of demographic data showed that the mean
age of the women was 29.8 + 3.8 years with the range of 18
to 35 years. The mean body mass index (BMI) of women was
24.3 £ 3.04 and the mean gravidity of women was 1.8 + 0.8.

The outcomes of the present pregnancy were as following: 900
women (84.8%) had term delivery, 155 women (14.6%) had
pre-term deliveries and 6 women (0.6%) had unknown results.
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As indicated in Table 1, the PAPP-A levels were normal in
83.4% of women and 93.8% of pediatrics had normal weight.

Table 2 also indicates the frequencies of various current
delivery complications and as shown, tick meconium was the
most prevalent complication (7.3%).

One way ANOVA test showed that maternal age was not
significantly associated with PAPP-A (p = 0.18) but BMI
and number of pregnancies had significant difference based
on PAPP-A (p < 0.001 for BMI and P = 0.03 for number of
pregnancies).

Tukey post hoc test showed that the mean BMI in mothers
with normal PAPP-A levels was significantly lower than
mothers with PAPP-A levels less than 0.5 MOM (p = 0.003)
or greater than 2.5 MOM (p < 0.001). Meanwhile, the mean
BMI in mothers with PAPP-A higher than 2.5 MOM was
significantly more than mothers with normal or lower PAPP-A
levels (p = 0.04).

The mean number of pregnancies in mothers with PAPP-A
less than 0.5 MOM was significantly higher than mothers with
normal PAPP-A (p = 0.03) and mothers with PAPP-A greater
than 2.5 MOM (p = 0.04). But no significant difference was
observed between mothers with normal PAPP-A and mothers
with PAPP-A greater than 2.5 MOM (p = 0.96). These data
are summarized in Table 3.

Chi-square test showed that the frequency of term labor
in mothers with normal PAPP-A was higher than other
mothers (p = 0.04). Likelihood Chi-square test showed that
the birth weight (»p = 0.07) had no significant relationship with
maternal PAPP-A [Table 4].

Likelihood Chi-square test showed that the frequency
of preeclampsia in recent pregnancies in mothers with
normal PAPP-A was significantly lower than other
mothers (p < 0.001) and the frequency of abortions in recent
pregnancies in mothers with PAPP-A less than 0.5 MOM was
significantly higher than mothers with normal or elevated
PAPP-A (p < 0.001). The frequency of other complications
in recent pregnancy was not significantly associated with
maternal PAPP-A (p > 0.05) [Table 5].

Discussion

In this study, we showed that 83.4% of all study population
had normal values for PAPP-A levels. We showed that the
frequency of term labor in mothers with normal PAPP-A was
higher than other mothers and the frequency of preeclampsia
in recent pregnancies in mothers with normal PAPP-A was
significantly lower than other mothers and the frequency of
abortions in recent pregnancies in mothers with PAPP-A less
than 0.5 was significantly higher than mothers with normal or
elevated PAPP-A.

These data show that PAPP-A levels could be used as a useful
marker contributing to pregnancy outcomes. Previous studies
have also claimed the possible uses of PAPP-A levels in
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Table 1: Frequency distribution of PAPP-A in mothers and
birth weight of infants

Variable Number/mean Percent/SD
Age 29.8 3.8
BMI 243 3.04
PAPP-A
Below 0.5 118 11.1
0.5-2.5 (normal) 885 83.4
More than 2.5 58 5.5
Birth weight
VLBW 6 0.6
LBW 49 4.6
Normal 995 93.8
Macrosomia 4 0.4
Unknown 7 0.7

VLBW: Very low birth weight, LBW: Low birth weight

Table 2: Frequency of different pregnancy complications
in pregnant women aged 18-35 years in Isfahan-Iran

Pregnancy complications Number Percentage
Preeclampsia 28 2.6
Eclampsia 0 0
Stillbirth 3 0.3
Placental abruption 11 1
Placenta previa 4 0.4
Vasa previa 0 0
Placenta accrete 3 0.3
Abortion 7 0.7
Thick meconium 77 7.3

Table 3: Mean age, body mass index and number of
pregnancies by PAPP-A

Variable Below0.5 0.5-25 Morethan P
MOM MOM 2.5 MOM
Mean SD Mean SD Mean SD
Age 294 39 299 38 291 3.6 0.18
BMI 2504 3.6 241 29 262 3.1 <0.001

Number of pregnancies 2 1.01 1.7 08 1.8 09 0.03
BMI: Body mass index

predicting the outcomes of pregnancy. Morris and colleagues
performed a study on 32 studies including 175240 women in
2017. They evaluated the relationships between PAPP-A levels
and pregnancy outcomes in these studies and showed that the
first trimester low maternal serum PAPP-A is associated with
adverse pregnancy outcomes. They explained that women with
abnormal PAPP-A levels might have pre-term labor and also
abortion. But also mentioned that the predictive values for
these issues are low and further studies should be performed
in this regard.!"” Another study was performed by Hughes and
colleagues in 2019 that assessed the relationships between
first trimester PAPP-A levels and placentally-related adverse
pregnancy outcomes. This study included 4057 women and
indicated that women with low PAPP-A levels are more
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Table 4: Frequency distribution of type of current delivery
and birth weight of infants by maternal PAPP-A level

Below 0.5 0.5-2.5 More than P
MOM MOM 2.5 MOM

n % n % n %

Variable

Type of delivery

Preterm 21 18.6 121 13.7 13 22.8  0.04
Term 92 814 764 86.3 44 77.2

Birth weight
VLBW 0 0 4 0.5 2 3.5 0.07
LBW 9 8 35 4 5 8.8
Normal 102 91.1 843 953 50 87.7
Macrosomia 1 0.9 3 0.3 0 0

VLBW: Very low birth weight, LBW: Low birth weight

Table 5: Frequency distribution of complications in recent
pregnancy by maternal PAPP-A

Complicationsin  Below 0.5 0.5-25  More than P
recent pregnancy MOM MOM 2.5 MOM

n % n % n %
Preeclampsia 9 7.6 14 1.6 5 8.6  <0.001
Stillbirth 0 0 2 02 1 1.7 0.26
Placental abruption 1 0.8 10 1.1 0 0 0.52
Placenta previa 1 0.8 3 0.3 0 0 0.61
Placenta accrete 1 0.8 2 0.2 0 0 0.52
Abortion 6 5.1 0 0 1 1.7 <0.001
Thick meconium 8 6.8 63 7.1 6 10.3 0.67

vulnerable to fetal growth restriction, severe preeclampsia
and stillbirth.['®

In another study, data of 961 women were analyzed and it
was declared that low PAPP-A was associated with adverse
pregnancy outcomes such as aneuploidies, spontaneous
abortion, preterm delivery, pre-eclampsia, small for gestational
age neonates and stillbirths.[') The findings of our study were
also in line with these data showing the associations between
low PAPP-A levels and pregnancy complications including
pre-term delivery, preeclampsia and abortions.

As Cohen and colleagues showed, a combination of first and
second trimester serum biomarkers [PAPP-A, free fhCG,
and maternal serum alpha-fetoprotein (msAFP)] that are
currently used in screening of Down syndrome may also be
used to predict additional adverse pregnancy outcomes such
as pre-term delivery and abortion. It was also recommended
that further studies should be carried out in this regard.!*"
Patil and others also claimed that PAPP-A levels in the first
trimester of pregnancy is an important predictor of future
obstetric outcomes but also showed that this marker has low
predictive values and should be determined in associations
with other pregnancy markers.*!! We discussed the results
of studies with larger study populations. These studies
have higher validity compared to studies on restricted
populations.
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Based on these studies, the use of PAPP-A levels in predicting
pregnancy outcomes could be a valuable tool but should not be
used alone. The findings of our study support the use of PAPP-A
levels and its correlations with some adverse pregnancy
outcomes. As other studies have shown, the frequencies of
pre-term labor, stillbirth, preeclampsia and abortion could be
higher in mothers with low PAPP-A levels. It has also been
declared that abnormal maternal BMI (lower or higher than
normal range) could be associated with abnormal PAPP-A
levels, but these relationships require further investigations
and there are still much to discover due to low predictive
values of this maker.['?223] The limitations of the current study
included not evaluating other pregnancy markers and the roles
of other variables such as hormonal balance and medications.
But we believe that our findings could have beneficial roles
in further studies.

ConcLusIoN

Mothers with low PAPP-A levels are more likely to have poor
pregnancy outcomes such as abortion, pre-term labor and
preeclampsia. Based on our findings, the mothers with normal
PAPP-A levels had more normal pregnancy outcomes. Previous
studies have also indicated the importance of PAPP-A levels
as a screening tool but also showed that this marker should be
used along with other markers. We believe that further studies
might be required in this regard.
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