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ABSTRACT
Objective: To determine medians of pregnancy-associated plasma protein-A (PAPP-A) and free β subunit of Human
Chorionic Gonadotropin (hCG-β) in the first trimester of healthy pregnant women visiting tertiary care hospital.
Study Design: Cross-sectional study.
Place and Duration of Study: Department of Chemical Pathology and Endocrinology, Armed Forces Institute of Pathology
(AFIP) from May 2018 to May 2019.
Methodology: Healthy pregnant women with a singleton pregnancy reported for an antenatal checkup in Obstetric OPD, Pak
Emirates Military Hospital (PEMH) and Combined Military Hospital (CMH) Rawalpindi were included in the study. PAPP-A
level was determined by enzyme-linked immunosorbent assay (ELISA) method using PR 4100 Microplate Reader®, and
serum hCG-β were analysed on random access IMMULITE 2000®.
Results: A total of 135 pregnant women were enrolled in the current study. The mean age of subjects was 27.66 ± 4.24 years,
mean maternal weight was 59.91 ± 8.87 kgs and mean gestational age was 10.37 ± 1.16 weeks. Median value of PAPP-A was
1289.43 mIU/L (range: 510.8-5965.99) and hCGβ was 120985 mIU/ml (range: 23592-290000).
Conclusion: Median values of PAPP-A and HCGβ can be used to calculate (Multiple of Medians) MoM during the first
trimester in tertiary care setup.
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INTRODUCTION
Pregnancy-associated plasma protein-A (PAPP-A)
in the serum of first trimester women was reported as
a vital biochemical marker in screening of fetal Down
Syndrome.1-3 PAPP-A is a metalloprotease that belongs to zinc peptidase.4,5 It is synthesised by placental
syncytiotrophoblasts and acts as an enzyme for binding and cleaving insulin-like growth factor binding
proteins 4 and 5 (IGFBP-4 and 5).6,7 Thus PAPP-A regulates local bioavailability of IGFs. IGF is required for
cell differentiation and fetal growth.
Multiple of median (MoM) is used for biochemical serum markers instead of reference values in
antenatal screening programs. This is due to the reason
that these parameters show immense fluctuation along
with gestational age.8,9 Therefore, it is not possible to
find out reference ranges of these parameters during
pregnancy. Before starting antenatal screening services
for chromosomal anomalies, every region must deterCorrespondence: Dr Shamsa Kanwal, House No. 12, Street-9, Sector-J
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mine its median values among healthy subjects. There
is limited literature in Pakistan about median values of
PAPP-A and hCG-β in the first trimester. This study
was the first in our setup where the determination of
medians of serum biomarkers was done in healthy
pregnant women during the first trimester.
METHODOLOGY
A total of 135 pregnant women were recruited in
this cross-sectional study after approval from Institutional Review Board (IRB), AFIP Rawalpindi (reference
number FC-CHP 17-6/READ-IRB/18/907). The sample size of 120 was calculated using the area under the
curve (AUC)=0.76,10 with margin of error 0.05, study
power =80%, with the help of WHO calculator.11 Patients were recruited in the study by using non-probability, consecutive sampling. Samples were collected
from the antenatal unit of PEMH and CMH Rawalpindi Pakistan from May 2018 to May 2019.
Inclusion Criteria: All the primigravid women with
age between 18-40 years and gestational age 9 to 12
weeks, were included in this study. All the subjects
were normoglycemic (2 hours postprandial glucose
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level <11.1 mmol/l), normotensive (BP 120 mm Hg or
less) and had haemoglobin level ≥10.5 g/ dL.
Exclusion Criteria: All the multigravida women or women above 40 years of age, with a history of miscarriages, threatened abortions, chronic ailments, those on
long term antibiotic therapy and fertility treatments
were excluded from the study.
After the verbal explanation, informed consent
was taken from each subject or the attendant. Medical
history, demographic detail, clinical presentation and
weight of study participants were noted. Gestational
age was confirmed from the last missed period (LMP)
and pelvic ultrasound history.
About 3 ml of venous sample was collected from
each subject in a gel vacutainer and allowed to clot.
Serum was separated from cells by centrifugation at
3500 rpm. Serum hCG-β was analysed on random
access IMMULITE 2000®. IMMULITE 2000® hCG-β
assay utilises two monoclonal antibodies, and an enzyme labelled chemiluminescence immunometric assay.
Separated serum was then stored at -20ºC according to
the kits manual for estimation of PAPP-A within three
days.
After proper thawing of the sample, PAPP-A was
determined by ELISA method by PR 4100 Mic-roplate
Reader® Bio-Rad. The accuracy of the result was
confirmed using controls run along with samples, and
all samples were analysed according to standard
operational principles.

1.16 weeks, mean weight of participants was 59.91 ±
8.8 kg, and mean haemoglobin level was 11.78 ± 0.62 g
/dl (range: 11.0-13.0) (Table-I). The median value of PAPPA was 1289.43 mIU/l, and hCGβ was 120985 mIU/ml
(Table-II).
Table-I: Baseline characteristics of the study subjects (n=135).
Characteristics
Mean ± SD (range)
Age (years)
27.60 ± 4.22 (20-38)
Weight (Kg)
59.91 ± 8.88 (41-79)
Gestational age (Weeks)
10.37 ± 1.16 (9-12)
Hemoglobin (g/dL)
11.78 ± 0.62(11.0-13.0)
Systolic BP (mmHg)
112.96 ± 6.47(100-130)
Diastolic BP (mmHg)
67.78 ± 8.35 (60-80)
2hours PP glucose
9.13 ± 1.12 (7.0±11.0)
(mmol/L)
Table-II: Median values of outcome.
Parameters
Median
PAPP-A (mIU/L)
1289.43
HCGβ(mIU/mL)
120985

IQR
839.76-2312.4100
78000-198000

Regression equations were plotted for PAPP-A
and hCG-β against the gestational age. The R2 for PAPPA and the hCG-β equation were 0.694 and 0.791, respectively. The trend of the median value of both PAPP-A
and free hCG-β was increasing with gestational age
shown in Figure-1 & 2.

Statistical Package for Social Sciences (SPSS) version 24.0 was used for the data analysis. Quantitative
variables like age, gestational age, weight, Hb level, BP
and 2 hours postprandial plasma glucose level were
analysed summarized with mean and standard deviation.
Median PAPP-A and hCG-β were calculated. Scatter plots were generated to measure regression lines
and R2. 95% confidence interval was determined for
PAPP-A and hCG-β. IQR including 25th, 50th and 75th
centiles were calculated for each biomarker at each
gestational age.

Figure-1: Regression line of hCG- β against Gestational age.

RESULTS
The sample size of the current study was 135. All
the included subjects had successful pregnancies
(confirmed via obstetric scan). All the pregnant ladies
were normotensive (BP 120 mmHg or less) and normoglycemic (2 hours postprandial glucose level <11.1
mmol/l). The mean age of participants was 27.60 ± 4.22
years, mean gestational age at presentation was 10.37 ±

Figure-2: Regression line of PAPP-A against gestational age.
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Median values of PAPP-A and hCG-β at 25th,
50th and 75th centiles were compared with gestational
age in weeks as shown in Table-III.
Table-III: Comparison of percentiles of PAPP-A and b-hCG
with gestational age strata.
Gestational
n
Percentiles
PAPP-A
b-Hcg
Age (Weeks)
25th
591.08
26700.00
9th
42
50th
742.50
70000.00
75th
837.37
78912.50
25th
1155.98
90000.00
10th
33
50th
1241.00
110650.00
75th
1408.18
130400.00
25th
1281.61
173339.50
11th
28
50th
1721.56
179786.50
75th
1934.70
185955.00
25th
2800.50
221341.25
12th
32
50th
3180.05
258000.00
75th
3908.95
285595.00

DISCUSSION
The current study highlighted the median values
of first-trimester serum markers from which multiple
of median (MoM) can be calculated in future for the
screening programs. MoM can then be used as an early
marker of anomalous imbedding or implantation, leading to adverse pregnancy outcomes. It can serve as a
non-invasive modality in screening Down syndrome at
an early phase of pregnancy.
Serum PAPP-A levels during the first trimester of
pregnancy play a cardinal role in fetal growth.12,13
Under or overproduction of PAPP-A influences fetal
growth as it regulates IGF levels.15 Sluggish growth
occurs because of low levels of PAPP-A. Decreased
levels of free hCGβ are more indicative of hypertensive
disorders related to pregnancy.16, 17 Therefore, it is essential to determine levels of these biochemical markers to predict pregnancy outcomes and risk of
trisomies like Down syndrome.
Free PAPP-A exhibits metalloproteolytic activity
and differs from that produced during pregnancy,
complex with an endogenous inhibitor called proform
of major basic protein (pro-MFP). Insulin-like growth
factor (IGF)-binding proteins 4 and 5 are its known
substrates in humans, which lead to the release of
bound IGF, which has been shown to induce macrophage activation, chemotaxis, LDL uptake by macrophages and release of proinflammatory cytokines.18-20
Our study was planned to determine the median
of biochemical markers PAPP-A and hCG-β in healthy
pregnant women. We did not include cases with

miscarriages or ectopic pregnancies. Ugurlu et al, 2009
included normal intrauterine pregnant cases and those
with miscarriages and ectopic pregnancies. They found
that females with spontaneous abortion and ectopic
pregnancy had low median PAPP-A 0.05 (0.02–6.0) as
compared to those with normal intrauterine pregnancy
(Median PAPP-A 0.08 (0.03-0.9)).21
In our study, the median value of PAPP-A was
1289.43 mIU/L (510.8-5965.99), and that of hCG-β was
120985 mIU/mL (23592-290000). Regression equations
were plotted for PAPP-A and hCG-β against the
gestational age. The R2 for the PAPP-A and the hCG-β
equation were 0.694 and 0.791, respectively.
In a study conducted by Yigiter et al,22 data of
1275 pregnant women was collected for hCG-β and
maternal serum PAPP-A during the first trimester.
Median values of PAPP-A and hCG-β were low, compared to those in our study. However, median PAPP-A
and hCG-β levels increased with gestational, which
has been noted in our study as well.
Borowski et al,23 included women with 11 to 14
weeks of gestation. Total 800 pregnant women were
included in their study. Nomograms for hCG-β and
PAPP-A levels were determined in the subjects. CRL
was used as a determinant of gestational age. They
noticed a positive correlation between PAPP-A and
CRL, whereas a weak negative correlation between
free hCGβ and CRL was age demonstrated.23 However,
we demonstrated increasing values of both hCG-β and
PAPP-A with increasing gestational age. This difference in hCG-β can be due to the confinement of our
study group to 12th week gestation.
Shiefa et al,24 demonstrated that as the pregnancy
advances, levels of PAPP-A also increase. Its levels
increase exponentially and have a doubling time of 3–4
days in the first trimester. After that, the levels continue to rise throughout the pregnancy. The exponential
rise in PAPP-A levels in the first trimester causes the
interpretation of PAPP-A value to be significantly related and dependent on gestational age. In our study,
PAPP-A showed an increasing trend with increasing
gestational age.
We have determined the median of PAPP-A and
hCG-β levels during the 9th to 12th weeks of gestation.
These values can be used to calculate MoM later. There
is no recent data in the region about median values of
PAPP-A.
Ghasemi-Tehrani et al,25 concluded low serum
PAPP-A levels as the risk factor for IUGR. We suggest
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further studies to look for biochemical marker levels
and pregnancy outcomes.
LIMITATIONS OF STUDY
We did not determine NT in our study. Further studies
are recommended for that.
CONCLUSION
Median values of PAPP-A and HCGβ can be used to
calculate (Multiple of Medians) MoM during the first trimester in tertiary care setup.
Conflict of Interest: None.
Authors’ Contribution
SK: Study design, patience, proforma, data collection, NA:
Literature search, article writing, Conception of work, Drafting, SB: Final approval, study design, AI: Conception, Design, KB: Interpretation of data, SN: Literature review.

REFERENCES
1. Oliveira N, Magder L, Blitzer M, Baschat A. First‐ trimester prediction of pre‐ eclampsia: external validity of algorithms in a
pro-spectively enrolled cohort. Ultrasound Obstet Gynecol 2014;
44(3): 279-285.
2. Anesti K, Moaveni Z, Wu H-Y. Management of extensive intraparotid vascular malformation: a case report. Plast Aesthet Res
2014; 1(1): 33-36.
3. Schmitt AM, Chang HY. Long noncoding RNAs in cancer
pathways. Canc Cell 2016; 29(4): 452-463.
4. Hanson Ma, Gluckman P. Early developmental conditioning of
later health and disease: physiology or pathophysiology?. Physiol Rev 2014; 94(4): 1027-1076.
5. Melo CA, Drost J, Wijchers PJ, van-de Werken H, de Wit E, Vrielink JAO, et al. eRNAs are required for p53-dependent enh-ancer
activity and gene transcription. Mol Cell 2013; 49(3): 524-535.
6. Pillai RN, Konje JC, Tincello DG, Potdar N. Role of serum biomarkers in the prediction of outcome in women with threatened
miscarriage: a systematic review and diagnostic accuracy metaanalysis. Hum Reprod Update 2015; 22(2): 228-239.
7. Qin J, Liu X, Sheng X, Wang H, Gao S. Assisted reproductive
technology and the risk of pregnancy-related complications and
adverse pregnancy outcomes in singleton pregnancies: a metaanalysis of cohort studies. Fertil Steril 2016; 105(1): 73-85.
8. Dasgupta K, Quinn RR, Zarnke KB, Rabi DM, Ravani P,
Daskalopoulou SS, et al. The 2014 Canadian Hypertension Education Program recommendations for blood pressure measurement, diagnosis, assessment of risk, prevention, and treatment of
hypertension. Canadian J Cardiol 2014; 30(5): 485-501.
9. Poon LC, Nicolaides KH. Early prediction of preeclampsia.
Obstet Gynecol Int 2014; 2014(1): 297397.
10. Zhang Y, Zou Y, Wang W, Zuo Q, Jiang Z, Sun M, et al. Downregulated long non-coding RNA MEG3 and its effect on promoting apoptosis and suppressing migration of trophoblast cells. J
Cell Biochem 2015; 116(4): 542-550.
11. Gil M, Quezada M, Revello R, Akolekar R, Nicolaides K.
Analysis of cell-free DNA in maternal blood in screening for fetal
aneuploidies: updated meta-analysis. Ultrasound Obstet Gynecol
2015; 45(3): 249-266.

12. Zhang H, Gao Y, Jiang F, Fu M, Yuan Y, Guo Y, et al. Non-invasive prenatal testing for trisomies 21, 18 and 13: clinical experience from 146 958 pregnancies. Ultrasound Obstet Gynecol 2015;
45(5): 530-538.
13. Nicolaides K, Syngelaki A, Gil M, Atanasova V. Validation of
targeted sequencing of single‐ nucleotide polymorphisms for
non-invasive prenatal detection of aneuploidy of chromosomes
13, 18, 21, X, and Y. Prenat Diag 2013; 33(6): 575-579.
14. Pourhoseingholi MA, Vahedi M, Rahimzadeh M. Sample size
calculation in medical studies. Gastroenterol Hepatol Bed Bench
2013; 6(1): 14-17.
15. Pummara P, Tongsong T, Wanapirak C, Sirichotiyakul S. Association of first-trimester pregnancy-associated plasma protein A
levels and idiopathic preterm delivery: A population-based
screening study. Taiwan J Obstet Gynecol 2016; 55(1): 72-75.
16. D'Antonio F, Rijo C, Thilaganathan B, Akolekar R, Khalil A,
Papageourgiou A, et al. Association between first-trimester maternal serum pregnancy-associated plasma protein-A and
obstetric complications. Prenat Diag 2013; 33(9): 839-847.
17. Åsvold B, Vatten L, Tanbo T, Eskild A. Concentrations of human
chorionic gonadotrophin in very early pregnancy and
subsequent pre-eclampsia: a cohort study. Hum Reprod 2014;
29(6): 1153-1160.
18. Åsvold BO, Eskild A, Vatten LJ. Human chorionic gonadotropin,
angiogenic factors, and preeclampsia risk: a nested case–control
study. Acta Obstet Gynecol Scand 2014; 93(5): 454-462.
19. Saxena AR, Seely EW, Rich-Edwards JW, Wilkins-Haug LE,
Karu-manchi SA. First trimester PAPP-A levels correlate with
sFlt-1 levels longitudinally in pregnant women with and without
preeclampsia. BMC Pregnan Childbirth 2013; 13(1): 85.
20. Li H, He C, Wang J, Li X, Yang Z, Sun X, et al. Berberine activates
peroxisome proliferator-activated receptor gamma to increase
atherosclerotic plaque stability in Apoe −/− mice with hyperhomocysteinemia. J Diab Invest 2016; 7(6): 824-832.
21. Ugurlu EN, Ozaksit G, Karaer A, Zulfikaroglu E, Atalay A, Ugur
M. The value of vascular endothelial growth factor, pregnancyassociated plasma protein-A, and progesterone for early differentiation of ectopic pregnancies, normal intrauterine pregnancies,
and spontaneous miscarriages. Fertil Steril 2009; 91(5): 1657-1661.
22. Yigiter AB, Kavak ZN, Bakirci N, Gokaslan H. Effect of smoking
on pregnancy-associated plasma protein A, free β-human
chorionic gonadotropin, and nuchal translucency in the first
trimester of pregnancy. Adv Therap 2006; 23(1): 131-138.
23. Borowski D, Czuba B, Cnota W, Hincz P, Czekierdowski A,
Gajewska J, et al. [Evaluation of pregnancy-associated plasma
protein A (PAPP-A) and free beta subunit of human chorionic
gonadotropin (beta hCG) levels and sonographic assesement of
fetal nuchal translucency (NT) in singleton pregnancies between
11 and 14 weeks of gestation--Polish multi-centre research].
Ginekol Pol 2007; 78(5): 384-387.
24. Shiefa S, Amargandhi M, Bhupendra J. First Trimester Maternal
Serum Screening Using Biochemical Markers PAPP-A and Free
β-hCG for Down Syndrome, Patau Syndrome and Edward
Syndrome. Indian J Clin Biochem 2013; 28(1): 3-12.
25. Ghasemi-Tehrani H, Sadeghian A, Entezari R. Relationship
between pregnancy complications and serum pregnancy associated-plasma-protein-a and free-beta-human chorionic gonadotropin in the first trimester among Iranian women. J Fam
Reprod Health 2017; 11(4): 219-224.

Pak Armed Forces Med J 2022; 72 (2): 671

