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Introduction

Pregnancy-associated plasma protein A (PAPP-A) is one of the 
parameters in the first-trimester screening test that is used as 
a biochemical marker to detect aneuploidy in the early weeks 
of gestation (1). PAPP-A can be detected in the maternal 
blood 28 days after implantation in singleton pregnancies. The 
serum PAPP-A level starts to increase during the first trimester, 
doubling every 3 to 4 days. The rate of increase is gradual until 
week 36, after which it accelerates, and the maximum serum 
PAPP-A levels are reached at term (2).
It is thought that PAPP-A released from trophoblastic tissues 
at abnormal levels early during gestation affects fetal growth 
negatively by impairing trophoblastic invasion of the de-
cidua, causing abnormal placentation and other pregnancy 
complications (3). A low PAPP-A concentration is a power-
ful indicator of potential pregnancy complications, includ-

ing preeclampsia, intrauterine developmental retardation, 
gestational hypertension, fetal death, oligohydramnios, and 
preterm birth (4-6). Because PAPP-A levels during pregnancy 
are associated with obstetric complications, as well as ab-
normal placentation, it is thought that fetuses born to moth-
ers with low maternal PAPP-A levels do not tolerate labor 
stress and also could be more likely to develop intrapartum 
fetal distress (7).
In this study, we compared the rate of emergency cesarean 
section (C/S) due to fetal distress and the umbilical arterial 
blood gas levels in patients with normal or low PAPP-A levels 
in the first trimester.

Material and Methods

We conducted a retrospective examination of 359 cases of 
singleton pregnancies in which the first-trimester screening 
for aneuploidy had been performed in our pregnancy out-
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patient clinic between June 2012 and January 2013. The local 
ethics committee of the hospital approved the study and each 
patient signed the informed consent.
In all cases, the mothers were followed for the duration of their 
pregnancies. Crown-rump length (CRL) measurements (range: 
45–84 mm) were obtained and the nuchal translucency (NT) 
test was performed on the live singleton fetuses confirmed to 
be between 11 weeks and 13 weeks and 6 days old by ultra-
sound. The serum levels of PAPP-A and free hCG were tested 
in the maternal blood and adjusted according to the maternal 
weight, insulin-related diabetes, and smoking habits. Multiple of 
the median (MoM) values were calculated.
Cases with abnormal fetal karyotypes, pregnancy complica-
tions (preterm delivery, pregnancy induced hypertension/pre-
eclampsia, gestational diabetes, intrauterine growth restric-
tion, and placental abruption) and systemic diseases (chronic 
hypertension, type 1 and type 2 diabetes mellitus) or in which 
the mothers elected to have C/S deliveries (due to past C/S 
or presentation abnormalities) were excluded from the study 
(n=76).
The final cohort included the results from 283 cases in which 
first-trimester screening for fetal aneuploidy had been con-
ducted and also the delivery had occurred at term (≥37 weeks 
gestation) following either spontaneous labor or labor induction 
with oxytocin for cases in which the gestation reached beyond 
the 41st week without the spontaneous onset of labor, or there 
was early membrane rupture, oligohydramnios, or non-reassur-
ing fetal well-being tests.
The cases were divided into two groups based on their first-tri-
mester PAPP-A multiples of their median (MoM) values as ≤0.5 
MoM (Group 1) or >0.5 MoM (Group 2).
The demographic features, birth weight, gender, delivery modes, 
and indications for C/S were recorded, and the umbilical arterial 
blood gas pH values were compared between the two groups 
in cases where fetal distress had developed. Fetal distress was 
determined using fetal monitoring based on the American Con-
gress of Obstetricians and Gynecologists intrapartum fetal heart 
rate trace management protocol (8). C/S decision was made by 
the same authors (AFA and HLK). According to the mentioned 
management protocol, category II (intermediate) cases were 
evaluated and under surveillance, and if the fetal heart rate 
(FHR) accelerations were absent and absent/minimal FHR vari-
ability occurred and did not improve, or FHR tracing progressed 
to a category III (abnormal) pattern, then delivery was consid-
ered. General anesthesia was administered in all the cases in 
which C/S was performed because of fetal distress. There was 
not any instrumental operative delivery.
Statistical analyses were performed using SPSS ver. 21.0 (IBM 
Corp.; California, USA). Descriptive characteristics were ex-
pressed as numbers and percentages, the mean±standard 
deviation (SD) (minimum–maximum), or as the median (in-
terquartile ranges [IQRs]) (minimum–maximum) according to 
whether the variables were distributed as normal using the Sha-
piro-Wilk test. Inter-group comparisons were made using the 
Pearson Chi-square test for the categorical variables, and with 
the independent samples t-test for continuous data. Statistical 
significance was defined as p≤0.05.

Results

PAPP-A levels were ≤0.5 MoM in 75 (26.5%) cases (Group 1) 
and >0.5 MoM in 208 (73.5%) subjects (Group 2). The mean 
PAPP-A levels was 0.38±0.10 MoM for Group 1 and 1.14±0.63 
MoM for Group 2 (p<0.001).
The age, gravidity, and parity were similar among the groups 
(p>0.05). (Table 1) The mean gestational age at birth and the 
birth weights were significantly lower in Group 1 than Group 2 
(p=0.002 and p=0.007, respectively).
The cesarean delivery rate was 24.4% (69/283) in all the sub-
jects. Although the rate of C/S were similar among the groups 
(p=0.823), the rate of C/S due to fetal distress was significantly 
higher in Group 1 (68.4% (13/19) vs 42% (21/50), p=0.050) (Table 
1). In addition, the mean umbilical artery blood gas pH value for 
C/S deliveries indicated by fetal distress was also significantly 
lower in Group 1 (p=0.048). According to the ACOG manage-
ment protocol, the category III (abnormal) FHR pattern rate was 
30.8% (4/13) in Group 1 and 33.3% (7/21) in Group 2 (p=0.877).
The induction of labor was applied in 19 (25.3%) subjects in 
Group 1 and in 41 (19.7%) subjects in Group 2 and the rate of 
labor induction were similar between the groups (p=0.307). 
When the mode of delivery was analyzed according to applying 
labor induction, both C/S delivery rates ((6/19 (31.6%) in Group 
1, 13/41 (31.7%) in Group 2; p=0.992)) and the rate of C/S deliv-
ery due to fetal distress ((4/6 (66.7%) in Group 1, 6/13 (46.2%) in 
Group 2; p=0.405)) were not different in both groups.

Discussion

PAPP-A, which was first obtained from the plasma of pregnant 
women in 1974, is a protein released from the placenta, and its 
concentration in maternal blood reflects placental activity (9, 10).  
PAPP-A is a specific protease for insulin-like growth factor bind-
ing protein-4 (IGFBP-4), and thus plays a role in fetal growth and 
the development and many physiopathologic events related to 
IGF-1 and -2 (11). Furthermore, it was found that PAPP-A plays 
an exclusive role in the autocrine and paracrine regulation of 
the trophoblastic invasion of the decidua (12, 13). Low PAPP-A 
levels are thought to be attributable to sequestration by binding 
proteins for free IGFs, and this can negatively affect fetal growth 
and cause obstetric complications (4, 12).
Ucella et al. (7) found that the rate of non-elective C/S deliveries 
indicated by fetal distress was higher among mothers with low 
PAPP-A levels (16.2%) than among mothers with normal PAPP-A 
(7.9%) levels. Thus, they suggested that low PAPP-A levels may 
be not only related to antenatal complications (preeclampsia, 
intrauterine growth retardation, preterm delivery, and loss of 
pregnancy), but also may be a risk factor for acute intrapartum 
fetal distress related to abnormal placentation and placental 
dysfunction, leading to more emergency C/S deliveries (7).
In this study, we investigated whether fetal distress developed 
more frequently during labor in cases with low maternal PAPP-A 
levels in the first trimester and examined the umbilical arterial 
blood gas levels to evaluate whether there was an indirect cor-
relation between low PAPP-A levels and the placental reserve 
during active labor.
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Our findings are consistent with the results reported by Ucella et 
al. (7) and demonstrate a higher rate of C/S delivery because of 
fetal distress during active labor in cases with low PAPP-A levels 
(≤0.5 MoM) measured during the first trimester.
Ucella et al. (7) also found that the umbilical arterial blood pH 
was significantly lower in cases where a C/S was performed be-
cause of fetal distress in cases of low PAPP-A levels compared 
to cases with normal PAPP-A levels (pH: 7.19 vs pH: 7.26, re-
spectively). We also analyzed the umbilical cord blood pH im-
mediately postpartum in cases where a C/S was performed 
because of fetal distress, but we could not found any signifi-
cant differences between the groups. Although the intrapartum 
wellbeing of the fetus during labor is generally followed with 
fetal electronic monitoring (FEM), in almost 50% of the fetuses 
where fetal distress is detected with FEM, the oxygenation of the 
fetus is normal (14-16).
In conclusion, PAPP-A levels between the 11th and 14th weeks of 
gestation likely reflect placental function, and the risk of devel-
oping intrapartum fetal distress and the risk of C/S due to fetal 
distress are higher in cases with low (≤0.5 MoM) PAPP-A levels. 
Nonetheless, this risk is not affected by labor induction by oxy-
tocin. The PAPP-A level measured during aneuploidy screening 
in the first trimester of pregnancy can help predict the devel-
opment of intrapartum fetal distress. Our study is limited by its 
retrospective design; thus, prospective studies are required to 
verify our results.
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