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Relationship between first trimester maternal PAPP-A
(pregnancy associated plasma protein-A) and free -hCG
(human chorionic gonadotropin) levels with fetal birth
weight

Goékhan KILIC ABSTRACT

Gilin FEYKAN YEGIN Objective: The aim of this study was to evaluate the relationship between maternal
Elcin ISLEK SEGEN serum PAPP-A (pregnancy-associated plasma protein A) and free B-hCG (human
Hiseyin LEVENT KESKIN chorionic gonadotropin) values with fetal birth weight.
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hCG levels and fetal birth weight (FBW); small for gestational age (SGA—fetal birth
weight <10" percentile) and large for gestational age (LGA—fetal birth weight > 90"
percentile) were analyzed.
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Conclusion: Correlation between PAPP-A value and SGA was found to be statistically

significant. However, a similar prediction was not eligible between maternal serum
PAPP-A level and LGA fetuses. On the other hand, maternal serum free B-hCG level
did not have a statistical significance as a predictor for both SGA and LGA fetuses.
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INTRODUCTION

One of the main purposes of antenatal screening tests has been
accepted as to detect pregnant women at risk for developing
pregnancy complications and to reduce the morbidity and mortal-
ity rates with the use of preventive policies. For this reason, the
majority of studies have focused on early pregnancy. In the first
trimester, maternal serum free beta human chorionic gonadotropin
(B-hCG) and pregnancy-associated plasma protein A (PAPP-A)
levels have been proved to predict the risk of aneuploidies. Also,
the association between first trimester maternal serum free B-hCG
and PAPP-A levels and adverse pregnancy outcomes has been
investigated by different studies.

Placental insufficiency has been suggested as the underlying
mechanism for adverse pregnancy outcomes such as spontaneous
preterm birth, pre-eclampsia, preterm prelabor rupture of mem-
branes, and intrauterine growth restriction.l" The relationship be-
tween first trimester biomarkers of placental function and adverse
pregnancy outcomes is controversial.>

The aim of this study is to evaluate maternal serum free B-hCG
and PAPP-A levels as components of combined screening tests at
11-14 weeks of gestation and to determine that these markers are
predictors for fetal development abnormalities; small for gestational
age (SGA) and large for gestational age (LGA).

MATERIAL AND METHODS

The entire study group consisted of 1378 patients who applied to
Yildirrm Beyazit University Atatlirk Training and Research Hospital
Gynecology and Obstetrics Clinic for first trimester combined screen-
ing tests between January 2009 and December 2016. Six hundred
seventy-three patients were lost to follow-up. Twin pregnancies
(n=46), post-term pregnancies, patients with diabetes mellitus and
chronic hypertension, fetal chromosomal anomalies, and major fetal
anomalies were excluded from the study group. Also, patients who
developed intrauterine growth restriction (IUGR) due to placental in-
sufficiency were excluded. Finally, the study included 554 singleton
pregnancies. Data related to patients were obtained from retrospec-
tive research in the Gynecology and Obstetrics Clinic’s electronic
database system and patients’ files. Ethical approval was obtained
by the local Ethics Committee of Yildirm Beyazit University Faculty
of Medicine (26379996/312/268 date: 19.12.2018) in view of the
retrospective nature of the study and all the procedures being per-
formed were part of the routine care. Thus, the requirement to obtain
informed consent was waived. The study was conducted in concor-
dance with the Declaration of Helsinki— Ethical Principles for Medical
Research Involving Human Subjects.

Maternal serum PAPP-A and free B-hCG levels were measured
using the chemiluminescence method in the hospital’s biochemistry
laboratory Immulite 2000 analyzer. Adjusted multiples of median
(MoM) values were calculated by the PRISCA package software
program with patients’ information gathered from outpatient clinical
forms. Adjusted MoM values of maternal serum PAPP-A and free 3-
hCG levels were classified according to the 5%, 10", 90", and 95"
percentiles. The relationship between these groups and fetal birth
weight percentile groups (SGA, LGA) was evaluated. SGA was de-

Table 1: Patients’ demographical, clinical features and preg-

nancy outcomes

Study group (n=554) Mean+SD (min-max)

Age (years) 26+4.9 (16-43)

Gravida 1.9+1.1 (1-8)
Parity 0.6+0.7 (0—4)
Abortion 0.19+0.4 (0-3)
BMI (kg/m?) 24+2.3 (19-34)

Delivery mode, n (%)
Vaginal 377 (68%)
Caesarean 177 (32%)

Gestation week at delivery, n (%)

Preterm 68 (13.9%)
Term 486 (86.1%)
Gender, n (%)
Male 285 (51.4%)
Female 269 (48.6%)
Fetal birth weight (gr) 3324+491 gr
(630-5265)
Percentile (n;%)
<10% 50 (9%)
10-90% 474 (85.6%)
>90% 30 (5.4%)

BMI: Body mass index.

fined as fetal birth weight (FBW) under the 10" percentile and LGA
was defined as FBW over the 90" percentile. For the evaluation of
SGA vs. non-SGA; FBW under the 10™ percentile and FBW over the
10" percentile (FBW<10p and FBW=10-90p) groups were compared.
For the evaluation of LGA vs. non-LGA; FBW over the 90" percen-
tile and FBW under the 90" percentile (FBW>90p and FBW=10-90p)
groups were compared.

Statistical Analysis

SPSS 21.0 (SPSS Inc., Chicago, IL) software package was used for
data management and statistical analysis. Analysis of nominal vari-
ables was performed using the x? test, Student-T test, Mann-Whitney
U test, or the Fisher-exact test where appropriate. The Kolmogor-
ov-Smirnov test was used to crosscheck the distribution of variables.
Descriptive statistics were expressed as meanzstandard deviation
or median (min—max) for continuous variables and number/percent-
age for categorical variables. All variables with a p-value <0.05 in the
univariate analysis were included in the multivariate analysis. Multi-
variate analysis was performed using the stepwise logistic regression
model, and relative rates of variables were calculated. Odds ratios
with 95% confidence intervals were calculated. P-values less than
0.05 were considered significant.
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Table 2: Association of PAPP-A percentile groups and SGA (fetal birth weight <10p)

PAPP-A percentile (n, %) FBW <10p FBW >10p RR (95% CI) p

<5p 3 (10%) 21 (4%) 1.4 (0.2-8) 0.063
<10p 5 (16.6%) 47 (9%) 1.1 (0.3-4.3) 0.060
>90p 4 (13%) 58 (11%) 0.7 (0.1-1.1) 0.737
>95p 2 (6.6%) 26 (5%) 0.5 (0-0.8) 0.801
PAPP-A (MoM) (mean+SD) 0.96+0.61 1.08+0.59 0.3 (0.1-0.8) 0.030

SD: Standard deviation; PAPP-A: Pregnancy associated plasma protein - A; SGA: Small for gestational age; FBW: Fetal birth weight; RR: Relative ratio; Cl:

Confidence interval; MoM: Multiples of median.

Table 3: Association of free B-hCG percentile groups and SGA (fetal birth weight <10p)

B-hCG percentile (n, %) FBW <10p FBW >10p RR (95% CI) p

<5p 2 (6%) 26 (5%) 0.9 (0.3-3.3) 0.938
<10p 3 (10%) 52 (10%) 1(0.2-4.4) 0.778
>90p 5 (17%) 53 (10%) 0.8 (0.2-2.5) 0.596
>95p 2 (7%) 28 (5%) 0.7 (0.1-2.5) 0.666
PAPP-A (MoM) (mean=SD) 0.99:0.47 1.27+0.86 0.9 (0.8-1) 0.542

SD: Standard deviation; B-hCG: Human chorionic gonadotropin; SGA: Small for gestational age; FBW: Fetal birth weight; RR: Relative ratio; Cl: Confidence

interval; MoM: Multiples of median.

RESULTS

The mean age of the study group was 26+4.9 (range 16—43) years.
The mean number of gestations was 1.9+1.1 (ranged between 1
and 8 gestations) and the mean number of parities was 0.6+0.7
(ranged between 0 and 4 parities). The median time for first trimes-
ter screening was 85.9+5.2 days. The median fetal birth weight was
3324+491 g and ranged between 630 and 5265 g. Demographical,
clinical features, and pregnancy outcomes of the study population
are shown in Table 1.

Three hundred seventy-seven (68%) pregnancies resulted in vag-
inal birth and 177 (32%) with cesarean section (CS). Seventy-seven
(14%) patients underwent surgery for previous CS, 40 (7%) patients
for fetal distress, 22 (4%) patients for cephalopelvic disproportion,
and 40 (7%) patients for other reasons (placenta previa, abruptio
placenta, maternal morbidity, etc.). There was no statistical signifi-
cance between FBW and mode of delivery (p>0.05). There were 285
(51.4%) male newborns and 269 (48.6%) female newborns. Tobacco
use was positive in 86 (6.2%) pregnancies. The duration of pregnan-
cy was under 37 weeks in 68 (13.9%) patients and equal to or more
than 37 weeks in 486 (86.1%) patients.

Mean adjusted MoM values of maternal serum PAPP-A level
was 0.96 and ranged between 0.1 and 5.8 in entire study group.
Patients with FBW <10" percentile and FBW =10™ percentile were
compared and mean maternal serum PAPP-A level was found to
have a relationship with SGA development by using backward re-
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gression analysis (p=0.03). It was calculated that every decrease
per unit in adjusted MoM value of maternal serum PAPP-A level in-
creases the risk of SGA development 3 times (RR, 1/0.333; 95%
Cl, 0.1-0.8, p=0.030). Adjusted maternal serum PAPP-A levels were
investigated for <5p, <10p, >90p and >95p groups with regression
analysis however the association of PAPP-A levels and SGA risk did
not reach a statistical significance (Table 2).

Mean maternal serum PAPP-A levels between FBW >90™ per-
centile and FBW <90™ percentile (LGA vs non-LGA) fetuses were not
statistically significant (p>0.05).

Mean maternal serum free B-hCG adjusted MoM level was
1.26+0.8 and ranged between 0.2 and 7.4. FBW <10" percentile
and =10" percentile (SGA vs. non-SGA) fetuses were compared and
mean maternal serum free B-hCG levels were not statistically sig-
nificant between these groups (p>0.05) (Table 3). Additionally, FBW
>90" percentile and FBW < 90" percentile (LGA vs non-LGA) fetuses
did not have a statistical significance for mean maternal serum free
B-hCG levels (p>0.05).

DISCUSSION

In the first trimester of pregnancy, maternal serum free f-hCG and
PAPP-A levels, combined with nuchal translucency (NT) measure-
ment, were proved to diagnose fetuses with Down syndrome (Tri-
somy 21) with 89% positivity and 5% false positivity. Also, these
biochemical markers were evaluated as predictors for adverse
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pregnancy outcomes.’® PAPP-A is a protease for insulin-like growth
factor-binding protein-4 (IGFBP-4).1! Therefore, low serum PAPP-A
levels cause high IGFBP-4 levels resulting in low levels of maternal
serum free insulin-like growth factor (IGF). IGF plays a major role
in fetal growth regulation by controlling glucose and amino acid in-
take to trophoblasts.”® For this reason, conditions with trophoblast
invasion anomalies such as spontaneous fetal loss, SGA, IUGR,
and preeclampsia could have low maternal serum PAPP-A levels
in the first trimester. Westergaard et al.®! were the first authors to
suggest that low maternal serum PAPP-A levels predict adverse
pregnancy outcomes 25 years ago. In their study, pregnancies with
low PAPP-A levels had a tendency to develop miscarriages within
days or weeks. These results were confirmed by other investigators
with different reports.l®19

Patients with low maternal serum PAPP-A levels have a risk for
developing spontaneous preterm delivery, pregnancy-induced hyper-
tension, spontaneous abortion, SGA, and gestational diabetes mel-
litus.['"12 Also, different investigators reported that pregnancies with
SGA fetuses have low maternal serum PAPP-A levels and pregnan-
cies with LGA fetuses have high maternal serum PAPP-A levels in
early pregnancy.l'>'4 A maternal serum PAPP-A level <5 percentile
increases the risk for SGA, preeclampsia, spontaneous abortion, and
intrauterine fetal death.l'>'® However, there are some authors sug-
gesting that low first trimester maternal serum PAPP-A levels are not
related to IUGR. These authors reported that insufficient placentation
induces a maternal systemic inflammatory response syndrome and
releases different mediators, which enhances PAPP-A production
from other non-placental tissues.!'”'®

We found that a decrease per unit in adjusted maternal serum
PAPP-A levels increases SGA risk three times in 10—-14™" weeks of
gestation (RR, 1/0.333; 95% ClI, 0.1-0.8, p=0.030). Our findings cor-
relate with the literature review. First trimester free B-hCG levels did
not affect fetal growth in our study. On the other hand, different stud-
ies assessed the relationship between low free B-hCG levels and
pregnancy complications. The FASTER (First and Second Trimester
Evaluation of Risk Trial) study was expanded by Dugoff et al.,['' and
a total of 34,271 pregnant women were enrolled in a larger study
cohort. In their study, first trimester maternal serum free B-hCG level
<1st percentile (0.24 MoM) increased the risk of fetal loss before the
24" week of pregnancy. They concluded that first trimester maternal
serum free B-hCG level <5" percentile (0.42 MoM) indicates a low
FBW with <10 percentile. As a result, insufficient placentation and
low placental volume were considered responsible for decreased
maternal serum free B-hCG levels in 10—14"" weeks of gestation. In
the second trimester of pregnancy, hypoperfusion-induced hormone
production was admitted as the cause of high maternal serum free
B-hCG levels.l21 Different investigators established their findings
that support the role of first trimester maternal serum free B-hCG lev-
els as predictors for pregnancy complications.['"121520.211 However,
several studies, including our study, suggest that first trimester ma-
ternal serum free B-hCG levels have no impact on fetal development
and fetal birth weight.['21522

A Cochrane Library review between the years 1966 and 2007
was carried out by the Society of Obstetricians and Gynaecologists
of Canada Genetics Committee in 2008.12%! According to this algo-
rithm, maternal serum markers are not recommended for predict-

ing pregnancy complications due to low sensitivity and high false
positivity. During ordinary antenatal screening procedures such as
screening for chromosomal anomalies, abnormal results in maternal
serum markers could be investigated for pregnancy complications.
Unexplained low maternal serum PAPP-A (<0.4 MoM) and/or low
free B-hCG (<0.5 MoM) levels in the first trimester are associated
with adverse pregnancy outcomes. However, a specific follow-up
protocol could not be defined. Uterine artery Doppler Ultrasonogra-
phy (USG) estimates might be suitable for the evaluation of abnor-
mal and unexplained maternal serum markers. An abnormality in
uterine artery Doppler USG along with low first trimester maternal
serum PAPP-A levels and high second trimester alpha-feto protein
(AFP), B-hCG, inhibin-A levels carry an elevated risk for IUGR and
preeclampsia. Thus, obstetricians can rearrange antenatal visits
according to the patient’'s symptoms, follow-up signs (fetal growth,
amniotic fluid volume, fetal biophysical profile, uterine artery Dop-
pler USG, cervical measurement), or the patient’s education status.

CONCLUSION

Our study suggested that low levels of first trimester maternal serum
PAPP-A and free B-hCG values could predict adverse pregnancy
outcomes. A decrease per unit in adjusted maternal serum PAPP-A
level tripled the risk of SGA in our study (RR, 1/0.333; 95% Cl, 0.1-
0.8, p=0.030). However, a similar prediction was not viable between
maternal serum PAPP-A level and LGA fetuses. On the other hand,
maternal serum free B-hCG level did not have statistical significance
as a predictor for both SGA and LGA fetuses.

The results of routine first trimester screening tests might be
extended to get an anticipation for pregnancy complications. Thus,
the cost-effective power of these tests would be enhanced, and the
morbidity of pregnancy complications could be reduced. The most
important limitation of this study is its retrospective design. On the
other hand, a high number of patients is an advantage. Besides,
inclusion and exclusion criteria strengthen study homogenization.
However, precise conclusions could not be made for using antena-
tal routine screening tests as predictors of pregnancy outcomes. For
more accurate results, more randomized controlled trials should be
conducted in this patient group.
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