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Impact of High Levels of Pregnancy
Associated Plasma Protein-A

on Pregnancy

ABSTRACT

Introduction: Routinely performed aneuploidy screen takes
into account free beta human chorionic gonadotrophins
(B-hCG), Pregnancy Associated Plasma Protein-A (PAPP-A),
nuchal translucency, and various maternal characteristics.
Incidental finding of extreme level of PAPP-A can generate
anxiety. Association of low PAPP-A has been established with
chromosomal anomalies and adverse pregnancy outcome. The
effect of high PAPP-A on feto-maternal outcome has not been
widely studied.

Aim: The aim of the study was to analyse pregnancy outcome
in the group with high maternal PAPP-A, that is >95™ centile at
the first trimester aneuploidy screen test.

Materials and Methods: The prospective observational study
was conducted at Dr. TMA Pai hospital, affiliated to Manipal
Academy of Higher Education, Manipal. Each patient visiting
antenatal OPD was counselled for first trimester aneuploidy
screening during the study period of two years (November 2015
to November 2017). All patients who were registered for delivery
at the hospital were taken into the study. Blood samples were
taken at 11-13+*¢ weeks of pregnancy. A total of 1500 consecutive
pregnancies having first trimester screening were followed up
with PAPP-A levels, expressed in Multiple of Medians (MoM).
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The study group was formed by patients with PAPP-A of more
than 95" centile. Only euploid foetuses were considered for the
analysis. The pregnancy outcomes were determined in PAPP-A
levels of >95" percentiles (3.11 MoM and more) with respect
to threatened abortion, preterm delivery, foetal malformations,
hypertension in pregnancy, gestational diabetes and growth
abnormalities. It was compared with matched control group
of PAPP-A between 5™ to 95" centile (PAPP-A >0.49 to 3.10).
Statistical analysis was performed using Statistical Package for
Social Science (SPSS) software version 16 and p-value <0.05
was considered statistically significant.

Results: For our grouped data, the incidence of high PAPP-A
was 4.6%, and 95™ centile value for PAPP-A was 3.10 MoM. The
maximum value of PAPP-A recorded was 8.6 MoM. We found no
statistically significant difference in the incidence of threatened
abortion, preterm delivery, foetal malformations, large for
gestation foetuses, gestational diabetes, and hypertension in
pregnancy. The incidence of small for gestation was significantly
different across the two groups (p-value<0.05).

Conclusion: High PAPP-A values are seen less frequently.
The pregnant woman with structurally normal foetuses should
be informed that there is no reason to be anxious for adverse
pregnancy outcome due to high PAPP-A.
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INTRODUCTION

Emphasis has been given to the proteins examined during the
screening in the first trimester of pregnancy for foetal aneuploidy.
These biochemical markers are B-hCG and pregnancy associated
plasma protein A (PAPP-A). Variation in the serum levels of such
biomarkers can influence the outcome of pregnancy. High levels
of free B-hCG and low levels of PAPP-A is found in trisomy 21 [1],
while low B-hCG and PAPP-A are observed in trisomy 18 [2]. Apart
from association with the chromosomal abnormality, the impact
of low PAPP-A on the rates of adverse pregnancy outcome has
been well established. The high maternal PAPP-A level is less
common, and studied to a lesser extent. The incidental findings
of it can even generate anxiety and uncertainty as its association
with pregnancy outcome is not well studied. Hence, in the present
study, we sought to find the relationship of high PAPP-A with
pregnancy outcome.

PAPP-A is a glycoprotein produced by trophoblast syncytium; it
appears in maternal blood in early pregnancy (about 32 days), and
it increases throughout the gestation until the end of the pregnancy,
and the levels reduces rapidly in the postpartum period. PAPP-A
regulates Insulin like Growth Factor (IGF) bioavailability, hence,
regulates foetal growth and development through its effect on
transfer of glucose and aminoacids [3].

In the present study, we aimed to establish the reference range
of PAPP-A, i.e., 5" and 95" centile in our population. Secondly,
to determine if high PAPP-A levels can predict foetal growth
abnormality, preterm labour, diabetes, and to establish its role in risk
reduction of pregnancy complications, if exists.

MATERIALS AND METHODS

A prospective observational study was conducted for two years
i.e., from November 2015 to November 2017 at Dr. TMA Pai
hospital, Udupi, affiliated to Manipal Academy of Higher Education
and approved by ethical committee of Manipal University, Manipal.
The screening population consisted of 1500 women with singleton
pregnancies who consented for first trimester aneuploidy screening
at 11-13+¢ weeks of gestation. Informed consent was taken from
patients in Kannada and English languages about the study
enrolment. Inclusion criteria were singleton pregnancies booked
in the first trimester and consented for first trimester aneuploidy
screening and willing to participate. Exclusion criteria were multiple
pregnhancies, chromosomal anomaly, lethal congenital anomaly, pre-
gestational diabetes, chronic hypertension, chronic renal disorders,
cardiac disorders and congenital viral infections.

Gestational age was based on last menstrual period with previous
regular cycles and corresponding scan findings in first trimester
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ultrasound {Crown-Rump Length (CRL)} between 7-10 weeks of
gestation. The disparity in CRL up to four days was considered
acceptable. Patient’s age, height, weight, the presence of above
mentioned medical illness, and other demographic characteristics
were noted.

Three to four millilitres of venous blood sample was collected.
The serum was separated and analysed at biochemistry
laboratory of Kasturba Hospital, Manipal. The test was carried
out by automatic analyser machine by Electrochemiluminiscence
immunoassay (ECLIA) with Cobas e601 analyser. The results
were calculated by Cobas e software and corrections were made
according to weight, smoking and diabetes status. Measuring
range for PAPP-A was 4-10,000 mlU/L. Appropriate dilution was
carried out for PAPP-A of more than measuring range. The risk
calculation was performed using software Sswd Lab version 5.0,
and was given as MoM.

From the available cohort, 5 and 95" centile for PAPP-A values
were obtained. All the women with PAPP-A of more than 95
centiles were selected as cases and women with 5"- 95" centile
serum PAPP-A were taken as controls. The foetal aneuploidy risk
was calculated and risk of 1:250 or higher was taken as high
risk for chromosomal abnormality for Down syndrome and risk
of 1:100 was reported as screen positive for trisomy 18 and 16.
Definitive testing was suggested for high risk of aneuploidy. The
results suggestive of euploid were continued with respective
groups. Women detected with major anomalies at second
trimester scan were given option for termination of pregnancy.
Pregnancy outcome information was obtained for Spontaneous
Abortion (SA), Preterm Delivery (PTD), Large for Gestational
Age (LGA), hypertension in pregnancy, gestational diabetes,
oligohydramnios, Small for Gestational Age (SGA), mode of
delivery and low birth weight baby.

LGA was defined as birth weight above the 90" centile for the
gestational age [4]. SA was determined as a loss of a pregnancy
before 20 weeks of gestation [5]. PTD was defined as delivery
before 37 completed weeks of gestation. Hypertension in
pregnancy was determined as a blood pressure of more than
140/90 mm of Hg at least twice, after six hours of interval after 20
weeks of pregnancy with or without proteinuria. Isolated low liquor
was defined as amniotic fluid of less than 7 cm after 28 weeks
gestation in absence of any other foetal or maternal pathology for
our study. Premature Rupture of Membrane (PROM) was defined
as rupture of membranes after 37 weeks of gestation but before
labour starts. SGA was defined as birth weight below the 10"
centile for the gestational age [6]. We used centile charts from
Callen’s book of Ultrasound [7].

STATISTICAL ANALYSIS

Statistical analysis was performed using Statistical Package for
Social Science (SPSS) software version 16 and p-value <0.05
was considered statistically significant. Chi-square test was used
to show differences between the study groups. The Student’s
t-test was used for the comparison of means. Fisher’s-exact test
was used when appropriate. Odds Ratio (OR) with 95% ClI was
calculated for certain outcomes.

RESULTS

Our cohort consisted of PAPP-A values between 0.50 and 8.6 MoM,;
range between 1079-113333 mlU/ml. Seventy patients (4.6%)
with high PAPP A were found amongst screened 1500 pregnant
women in the first trimester. The PAPP-A values of 0.49 and 3.10
Multiples of Median (MoM) were respective values for 5" and 95
centiles in our populations. The 15, 39, 90" and 99" centile PAPP-A
values were 0.324, 0.45, 2.4, 4.8 MoM respectively. PAPP-A value
of >3.10 MoM were taken as cases and 200 women with normal
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PAPP-A (0.50 — 3.09 MoM) were considered as controls. We got
45 cases (64%) with values between 3.10-3.99 MoM, 17(24%) had
4-4.99 MoM and 8 (12%) had more than 5MoM. Our cohort had an
age range of 18-38 years.

[Table/Fig-1] shows the group characteristics, where age, first
trimester weight, BMI, CRL and B-hCG value of study and
control group was comparable. The mean sampling period was
12.0 weeks in study group and 12.3 weeks in control group
(p-value 0.001). The study group had 47(57%) nulliparous
patient and control group had 129 (64.5%) nulliparous patients
(p-value 0.86).

Control group
Study group (PAPP-A
Characteristics observed (PAPP-?nzg.g; L) >0':/|9;|\_/§'1 0 vapl,l-Je
Mean+SD (n=200)
Mean+SD
Maternal age (years) 27.71+£3.34 27.48+3.80 0.41
First trimester weight (kg) 53.37+11.2 52.64+10.69 0.64
Weight gain in pregnancy (kg) 10.5+4.15 11.05+4.16 0.34
BMI (kg/m?) 22.24+3.96 21.77+4.16 0.41
Gestational weeks at FTS 12.06+0.55 12.31£0.47 0.00
PAPP-A value (MoM) 3.95+0.93 1.45+0.60 0.00
Crown rump length (mm) 58.563+10.44 60.06+6.31 0.15
B hCG (MoM) 1.31+1.03 1.06+0.92 0.69

[Table/Fig-1]: Characteristics of study population in both groups.

PAPP-A: Pregnancy associated plasma protein-A; BMI: Body mass index; FTS: First trimester
combined screening; Mom: Multiple of median

[Table/Fig-2] shows the incidence of pregnancy complications.
There was no statistically significant difference in the incidence
of threatened abortion and preterm delivery in both the groups.
We found one major and minor malformations in the study group
and three major and seven minor foetal anomalies in control
group, here p-value-0.81, was insignificant. The minor soft
markers were choroid plexus cyst [2], small atrial septal defect
[2], perimembranous ventricular septal defect, polydactyly,
single umbilical artery [2], hypospadias, renal pelvicalyceal
dilatation etc. The incidence of hypertension in pregnancy and
intrauterine growth restriction was lower in the study group,
which was statistically insignificant. The incidence of diabetes
and oligoamnios was almost same in both the groups. We did
not find any case of late 15t or 2" trimester abortion in any group.
The incidence of PROM was lower in the study group than in the
control group, which was statistically insignificant.

Complications/ Study group | Control group | Chi-square
Events (n=70) (%) | n =200 (%) value | Pvalue
Threatened abortion 8 (11%) 18 (9%) 0.35 0.55
Preterm delivery 8 (11%) 24 (12%) 0.01 0.89
E;Z%?gr‘gofso"iated 3 (4.2%) 21 (10.5%) 24 0.11
IUGR 3 (4.2%) 21 (10.5%) 2.4 0.1
Diabetes 6 (8.5%) 15 (7.5%) 0.083 0.77
Isolated low liquor 7 (10%) 19 (9.5%) 0.149 0.90
PROM 2 (2.8%) 15 (7.5%) 1.89 0.16

[Table/Fig-2]: Complications during pregnancy in both groups.

IUGR: Intrauterine growth restriction; PROM: Premature rupture of membrane

[Table/Fig-3] mentions the outcome of pregnancy in both the
groups. Here we found mean gestational age at delivery was
same. The mean birth weight was marginally different i.e., 3
kg and 2.9 kg in study group and control group. We found a
low incidence of SGA and high incidence of LGA in the study
group. However, statistically significant difference was found for
SGA (birth weight <10%) only, OR-0.31 (95% CI - 0.11-0.85),
suggested risk reduction of SGA with high PAPP-A. The difference
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in the incidence of LSCS and neonatal complications were not
statistically significant between both groups. We had five cases of
prolonged neonatal stay for respiratory distress syndrome [2], and
hyperbilirubinemia in neonate [3].

Study group | Control group | Chi-square |
DL n=70 n=200 value N

Mean gestational age at

delivery (Weeks=SD) 38.3+1.27 38.3+1.28 0.975
Mean weight at birth

(KgSD) 3.0+0.42 2.9+0.47 - 0.12
SGA<10"centile 4 (6.5%) 6 (18%) 6.20 0.012
SGA <5 centiles 2 (2.8%) 20 (10%) 3.5 0.063
LGA 5 (7.9%) 6 (3%) 2.3 0.125
Neonatal prolonged stay (1.4%) 4 (2%) 0.16 0.68

[Table/Fig-3]: Outcome of pregnancy in both groups.

SGA: Small for gestational age; LGA: Large for gestational age

DISCUSSION

The incidence of high PAPP-A in our study was 4.6%. it was
noted high (7.9%) in the study by Timmerman E et al., [8]. For
our study, 95" mean centile value (SD) was 3.95+0.93 MoM,
the same is mentioned as 3.9 MoM at 11 weeks of gestation
[9]. In the FASTER trial, median 95% value achieved was 2.51
MoM [6].

The incidence of threatened abortion was almost same (11% vs
9%) in study and control group respectively, which is in agreement
to worldwide incidence [10]. We did not have late 1%t trimester
and early second trimester abortion. We had four major foetal
anomalies, which were severe ventriculomegaly (hydrocephalus)
with PAPP-A levels of 3.4 MoM in the study group and control
group, three anomalies noted were (Double outlet right ventricle,
vermian agenesis, and severe bladder outlet obstruction with
hydronephrosis). All the four couple with major anomaly opted for
termination of pregnancy, hence were not included in the study.
Foetal severe ventriculomegaly has not been reported with high
PAPP-A levels. Hence, it is incidental or associated with high
PAPP-A could not be confirmed.

The incidence of hypertension in pregnancy and Intra-uterine
growth restriction was less in the study group (4.2% vs. 10.5%
in control group), which suggests the beneficial effect of high
PAPP-A on effective placentation. The incidence of Diabetes
in pregnancy was almost same in both the groups (8.5% and
7.5%), which was in agreement to the population incidence
mentioned in various studies from South India (6.5 to 17%) [11].
The incidence of isolated low liquor is almost similar in both the
groups (10% and 9.5%), shows higher PAPP-A doesn’t have
influence on amniotic fluid levels. PROM was seen less in the
study group (2.8%), while it was much higher (7.5%) in control
group, which was statistically insignificant. This can be due to
improved strength of membranes with higher PAPP-A. However,
further studies are required to support the same. The incidence
of PROM has been mentioned up to 10% [12], and our study has
similar incidence in control group.

The mean gestational age was almost similar in both the groups,
suggesting higher PAPP-A levels doesn’t affect the duration
of pregnancy. The mean birth weight was higher in the study
group. However, the difference was not statistically significant.
We observed a linear correlation of birth weight with increasing
PAPP-A levels, which was in agreement with the study by
Habayeb O et al., [13]. Even SGA was seen in high PAPP-A
group, but the incidence was low in the study group, and the
difference was statistically significant (p-0.012). The trend of
Large For Gestation (LGA) was observed with increasing PAPP-A
levels [14].
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The analytical method used was ECLIA, which is precise in
measurement, recent and reliable method. Other modalities are
time-resolved fluorescent assay using a Delfia analyser, a Kryptor
analyser, and enzyme-linked immunosorbent assay on blood spot
[15]. We believe that high PAPP-A means more cleavage of Insulin
like Growth Factor Binding Protein (IGFBP), leading to high bio
available IFG 1 and 2 levels, improving growth and metabolism,
and better invasion of trophoblast to spiral arterioles. Hence,
the possibility of macrosomia and less risk of hypertension in
pregnancy and SGA.

LIMITATION AND STRENGTH

The small sample size and non-randomized study pattern are
limitations of the study. It represents south west coastal Karnataka
population; the results cannot be implied to other parts of India.
This is the first ever study from one of the highly populated country
of the world, i.e. India and it confirms the findings of previous
study. We recommend to look at PAPP-A MoM done at FTS for
aneuploidy test as it may provide insight on recurrence of the
complication in risk population and risk of certain events in low
risk group.

CONCLUSION

PAPP-A assessment is a routine component of first trimester
screening and as it provides information at no extra cost, it can
be used to assess foetal well-being and pregnancy complications.
Higher PAPP-A levels suggest the benign course of pregnancy. It
can be an early manifestation of the healthy foetus in the absence of
genetic abnormality. However, further studies are needed to prove
its utility in hypertension in pregnancy.

REFERENCES

[1] Brambati B, Tului L, Bonacchi |, Shrimanker K, Suzuki Y, Grudzinskas J. Serum
PAPP-A and free B-hCG are first-trimester screening markers for down syndrome.
Prenatal Diagnosis. 1994;14(11):1043-47.

[2] Spencer K, Nicolaides KH. A first trimester trisomy 13/trisomy 18 risk algorithm
combining fetal nuchal translucency thickness, maternal serum free B-hCG and
PAPP-A. Prenatal Diagnosis. 2002;22(10):877-79.

[3] Wells G, Bleicher K, Han X, McShane M, Chan YF, Bartlett A, et al. Maternal
Diabetes, Large-for-gestational-age births, and first trimester pregnancy—
associated plasma protein-A. The Journal of Clinical Endocrinology & Metabolism.
2015;100(6):2372-79.

[4] Poon L, Maiz N, Valencia C, Plasencia W, Nicolaides K. First-trimester maternal
serum pregnancy-associated plasma protein-A and pre-eclampsia. Ultrasound
in Obstetrics & Gynecology. 2009;33(1):23-33.

[5] Zegers-Hochschild F, Adamson GD, de Mouzon J, Ishihara O, Mansour R,
Nygren K, et al. The international committee for monitoring assisted reproductive
technology (ICMART) and the world health organization (WHO) revised glossary
on ART terminology, 2009. Human Reproduction. 2009;24(11):2683-87.

[6] 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).
American Journal of Obstetrics & Gynecology. 2004;191(4):1446-51.

[7] Callen PW. Ultrasonography in Obstetrics and Gynecology E-Book: Elsevier
Health Sciences; 2011;1175.

[8] Timmerman E, Pajkrt E, Snijders R, Bilardo C. High macrosomia rate in
healthy fetuses after enlarged nuchal translucency. Prenatal Diagnosis.
2014;34(2):103-08.

[9] Cignini P, Savasta LM, Gulino FA, Vitale SG, Mangiafico L, Mesoraca A, et al.
Predictive value of pregnancy-associated plasma protein-A (PAPP-A) and free
beta-hCG on fetal growth restriction: results of a prospective study. Archives of
Gynecology and Obstetrics. 2016;293(6):1227-33.

[10] Patki A, Chauhan N. An Epidemiology Study to Determine the Prevalence and
Risk Factors Associated with Recurrent Spontaneous Miscarriage in India.
Journal of Obstetrics and Gynaecology of India. 2016;66(5):310-15.

[11] Mithal A, Bansal B, Kalra S. Gestational diabetes in India: Science and society.
Indian Journal of Endocrinology and Metabolism. 2015;19(6):701-04.

[12] Endale T, Fentahun N, Gemada D, Hussen MA. Maternal and fetal outcomes in
term premature rupture of membrane. World Journal of Emergency Medicine.
2016;7(2):147-52.

[13] Habayeb O, Daemen A, Timmerman D, De Moor B, Hackett G, Bourne
T, et al. The relationship between first trimester fetal growth, pregnancy-
associated plasma protein A levels and birthweight. Prenatal Diagnosis.
2010;30(9):873-78.

Journal of Clinical and Diagnostic Research. 2018 Sep, Vol-12(9): QC10-QC13



www.jcdr.net Krupa Shah et al., Pregnancy Associated Plasma Protein-A and Pregnancy Outcome

[14] Krantz D, Goetzl L, Simpson JL, Thom E, Zachary J, Hallahan TW, et al. [15] Cuckle H, Arbuzova S, Spencer K, Crossley J, Barkai G, Krantz D, et al.
Association of extreme first-trimester free human chorionic gonadotropin-f, Frequency and clinical consequences of extremely high maternal serum PAPP-A
pregnancy-associated plasma protein A, and nuchal translucency with levels. Prenatal Diagnosis. 2003;23(5):385-88.
intrauterine growth restriction and other adverse pregnancy outcomes. American
Journal of Obstetrics & Gynecology. 2004;191(4):1452-58.

PARTICULARS OF CONTRIBUTORS:

Associate Professor, Department of Obstetrics and Gynecology, MMMC, Manipal Academy of Higher Education, Manipal-Udupi, Karnataka, India.
Student, Department of Obstetrics and Gynecology, MMMC, Manipal Academy of Higher Education, Manipal-Udupi, Karnataka, India.

Additional Professor, Department of Obstetrics and Gynecology, MMMC, Manipal Academy of Higher Education, Manipal-Udupi, Karnataka, India.
Professor, Department of Obstetrics and Gynecology, MMMC, Manipal Academy of Higher Education, Manipal-Udupi, Karnataka, India.
Professor, Department of Obstetrics and Gynecology, MMMC, Manipal Academy of Higher Education, Manipal-Udupi, Karnataka, India.

OIEE CONDRC

NAME, ADDRESS, E-MAIL ID OF THE CORRESPONDING AUTHOR:
Dr. Krupa Shah,

88, Sai Radha Green Valley, Opposite Blue Waters, Shivalli, Manipal Parampalli Road, Manipal-Udupi-576102, Karnataka, India. Date of Submission: May 16, 2018
E-mail: hikrupal2@gmail.com Date of Peer Review: Jun 18, 2018

Date of Acceptance: Jul 11, 2018
FINANCIAL OR OTHER COMPETING INTERESTS: None. Date of Publishing: Sep 01, 2018

Journal of Clinical and Diagnostic Research. 2018 Sep, Vol-12(9): QC10-QC13



