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Objective

To examine the first-trimester maternal serum placental growth factor (PIGF) and pregnancy-associated plasma protein
A (PAPP-A) levels in pregnancies associated with pre-eclampsia (PE) or small-for-gestational-age (SGA) infants, and
determine the predictive accuracy of PIGF and of PAPP-A for either PE or SGA infants.

Methods

This prospective, observational study included 175 pregnant women, and of these women, due to participant withdrawal
or loss to follow-up, delivery data were collected from the medical records of 155 women, including 4 who had twin
pregnancies. The women’s maternal history was recorded, and the PIGF and PAPP-A levels at 11 to 13 gestational weeks
were measured. During the second trimester, the maternal uterine artery’s systolic/diastolic ratio was measured. Multiples of
the median (MoM) of PIGF and PAPP-A were determined, and the associations of these values with the risk factors of SGA
and PE were evaluated. Logistic regression analysis was used to determine whether PIGF and PAPP-A are useful markers for
predicting SGA infants.

Results

The PAPP-A MoM level was significantly lower in women with advanced maternal age, multipara women, and women
with gestational diabetes than in their counterparts. The PIGF and PAPP-A MoM levels were higher in women with a twin
pregnancy than in those with a singleton pregnancy. There was a significant relationship between the maternal serum
PAPP-A MoM level in the first trimester and the uterine artery systolic/diastolic ratio in the second trimester. Results of
logistic regression analysis showed that low PIGF and PAPP-A MoM levels were predictors of SGA infants (odds ratio, 0.143;
95% confidence interval, 0.025 to 0.806; odds ratio, 0.191; 95% confidence interval, 0.051 to 0.718, respectively).

Conclusion
PIGF and PAPP-A are potentially useful as first-trimester markers for SGA infants and some hypertensive disorders of
pregnancy.
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Introduction

Pre-eclampsia (PE) is a multi-system disorder characterized by

the new onset of hypertension and proteinuria or end-organ
dysfunction, or both during the second half of pregnancy. Al-
though most pregnancies with PE are associated with delivery
at term or near term, with good maternal and fetal outcomes,
these pregnancies have a high risk for maternal and/or fetal
mortality or serious morbidity [1,2]. Small-for-gestational-age
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(SGA) infants are those that have gestational weights below
the tenth percentile. Although the exact pathophysiologies of
SGA infants and PE remain unknown, circulatory maladapta-
tion characterized by defective trophoblast invasion of the
maternal spiral arteries has been assumed to be associated
with SGA infants and PE [3]. Impaired trophoblast invasion
results in reduced feto-placental perfusion and placental dys-
function, which eventually causes poor pregnancy outcomes
such as SGA infants and PE [4]. Jackson et al. reported that
the placenta of SGA infants had decreased intervillous space
volume, the absence of parenchyma, and few chorionic villi [5].

Currently, there is no reliable, valid, and economical screen-
ing test for SGA infants and PE. Previous studies have assessed
associations between the suggested fetal weight through
ultrasonography and pregnancies that resulted in SGA infants
or between placenta-related proteins and pregnancies that
resulted in PE or SGA infants to establish early biomarkers for
SGA infants and PE [6-8].

The placental growth factor (PIGF) is a dimeric glycoprotein
that belongs to the vascular endothelial growth factor family.
It was first isolated in 1991, and it was later found to be pre-
dominantly expressed by trophoblast cells, placental villi, and
human umbilical vein endothelial cells during pregnancy [9].
Studies have shown that PIGF has potent proangiogenic effects
that result in early placental vascular development [8,10-12].

Pregnancy-associated plasma protein A (PAPP-A) is a me-
talloprotease that belongs to the metzincin superfamily of
zinc-dependent metalloproteases. It is used as a biochemical
marker of chromosomal anomalies, especially in those with
Down syndrome, and it is measured during the second tri-
mester of pregnancy. Studies have shown that low PAPP-A
levels are associated with chromosomal anomalies in fetuses,
and they can predict adverse pregnancy outcomes such as
fetal growth restriction, spontaneous miscarriage, moderately
and extremely premature births, PE, and stillbirths [13-15].

An increased umbilical artery systolic-diastolic ratio has been
reported to result from poorly vascularized placental villi, and
it is seen in extreme cases of fetal growth restriction [16];
thus, an umbilical artery Doppler sonography is a well-known
and useful adjunct for managing pregnancies complicated by
fetal growth restriction.

These purposes of this study were to examine the first-
trimester maternal serum placental growth factor (PIGF)
and pregnancy-associated plasma protein (PAPP-A) levels in
pregnancies associated with pre-eclampsia (PE) or small-for-
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gestational-age (SGA) infants, and to determine the predictive
accuracy of PIGF and of PAPP-A for either PE or SGA infants
using fetal umbilical artery systolic-diastolic ratio, which is
already a well-known modality for observing placental vascu-
larization markers.

Materials and methods

This prospective, observational study was performed between
May 1, 2012 and June 30, 2014, and it included pregnant
women who received antenatal care at the National Health
Insurance Service llsan Hospital, Goyang, Republic of Korea.
One hundred seventy-five pregnant women were recruited,
and blood was sampled from them during the first trimester.
However, 20 women either withdrew from the study because
they aborted their fetus before 25 weeks of gestation or they
were lost to follow-up. Therefore, 155 women’s medical re-
cords were reviewed and data were collected regarding their
delivery. Among the women, 10 delivered at another hospital,
and data regarding their delivery were obtained by phone.
Four women had twin pregnancies, and 151 had singleton
pregnancies.

All women were informed of the nature of the study, and all
who agreed to participate provided written informed consent.
The study was approved by the Ethics Committee of the Na-
tional Health Insurance Service llsan Hospital (SUYON NHIMC
2012-06-005).

We assessed the associations of known risk factors for SGA
infants and PE, including nulliparity, advanced maternal age,
diabetes, hypertension, obesity, a history of smoking, mater-
nal hypertension, a family history of diabetes, and twin preg-
nancies with PIGF and PAPP-A. Pregnancy-related data such
as maternal age, gestational age, and neonatal birth weight
were obtained from the patients’ electronic medical records.

Maternal serum samples were collected to measure the PIGF
and PAPP-A levels as part of the 11+0 to 13+6 weeks' screen-
ing program to determine the risk of fetal abnormalities, and
the nuchal translucency was simultaneously assessed. Blood
samples were allowed to clot between 15°C and 22°C for
30 to 90 minutes. Then the samples were centrifuged for
15 minutes at 300 g. The serum was collected and stored at
-20°C for up to 4 days, and then it was stored at -70°C. At
the end of the study period, all samples were transferred si-
multaneously to a central laboratory, and they were tested for
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PIGF (6007-0030 DELFIA Xpress PIGF 1-2-3 kit, PerkinElmer,
Turku, Finland) and PAPP-A (6003-0020 DELFIA Xpress PAPP-A
Kit, PerkinElmer) using standard routine methodologies (Wallac
Oy, PerkinElmer Inc., Turku, Finland).

Uterine artery Doppler examination was performed during
the second trimester between 22+0 and 24+6 gestational
weeks. Ultrasound scanning was performed by one expert
(EHK) to reduce inter-observer variation using the Philips Ul-
trasound 1U22 scanner (Philips, Bothell, WA, USA). The PIGF
and PAPP-A levels were converted to multiples of the median
(MoM) by dividing each individual result by the expected
median marker of the control group at that gestational age.
Maternal serum marker levels were expressed in multiples
of the normal gestation-specific median based on regres-
sion analysis among the women with singleton pregnancies
by combining the first-trimester results. The median level for
each completed week of gestation was regressed against
the median days and weighted for the number of samples
tested. Gestation was derived from the crown-rump length
(CRL) using a published formula (Philips Ultrasound 1U22,
[CRLx1.04]>°x8.05+23.7) [17].

An infant was considered an SGA infant if the infant’s birth
weight was less than the tenth percentile after correcting for
the reference gestational age of Koreans [18].

Differences between the groups were assessed using the
Student t test to determine which factors could significantly
predict PE. The odds ratio (OR) of PIGF and PAPP-A for PE and
SGA infants was obtained using logistic regression analysis. Re-
ceiver operating characteristic (ROC) curves were used to assess
the efficacy of dlinical parameters to predict SGA infants. All P-
values were two-tailed, and P-values <0.05 were considered
statistically significant. All analyses were performed using the
IBM SPSS ver. 21.0 (IBM Corp., Armonk, NY, USA).

Results

One hundred seventy-five pregnant women were included in
this study, and 155 women'’s medical record data regarding
their deliveries could be collected. The women’s demographic
data are presented in Table 1.

The median maternal and gestational ages were 32 years
and 38 weeks, respectively. Of 175 women, 103 (58.9%)
were nulliparous and 72 (41.1%) were multiparous. The
median PIGF and PAPP-A MoM levels were 0.92 (95% confi-
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dence interval, 0.22 to 2.85) and 1.05 (95% confidence inter-
val, 0.10 to 4.06), respectively.

The association of the risk factors of PE and SGA infants
with PIGF and PAPP-A are presented in Table 2. Table 2 in-
cludes the risk factors associated with hypertensive disorders
of pregnancy (HDP) and other variable factors. The PAPP-A
MoM level was significantly lower in multipara women than
in primipara women and lower in women aged >35 years
than in those aged <35 years. The PAPP-A MoM level was not
associated with other HDP risk factors, and the PIGF MoM
level was not associated with any HDP risk factors. However,
we noted that the PIGF MoM level tended to be lower in
primipara women, women aged >35 years, obese women,
and women with maternal hypertension, and that the PAPP-
A MoM level tended to be lower in women with maternal
hypertension, without statistical significance. When assessing
the other risk factors, we found that the PAPP-A MoM level
was significantly lower in women with gestational diabetes
than in those without gestational diabetes. Additionally, the
PIGF MoM level was significantly higher in women with a his-
tory of smoking than in those without a history of smoking.
Moreover, the PIGF and PAPP-A MoM levels were significantly
higher in women with a twin pregnancy than in those with a
singleton pregnancy.

In singleton pregnancies, PIGF and PAPP-A MoM levels
were assessed in 18 women who delivered SGA infants
(SGA group) and 133 women who delivered appropriate-for-
gestational-age infants (control group); additionally, these
levels were assessed in 10 women with PE (PE group) and 141
women without PE (control group). We found that the PIGF

Table 1. Demographic data of the pregnant women

Characteristics Value
Maternal age (yr) 32.0 (20-43)
Body mass index (kg/m’) 21.8(16.2-36.0)
PIGF MoM level 0.92 (0.22-2.85)
PAPP-A MoM level 1.05 (0.10-4.06)
Gestational weeks 38.0 (15-41)
Fetal body weight (g) 3,085 (150-4,230)
Parity

Nulliparous 103 (58.9)

Parous 72 (41.1)

Data are presented as median (range) or number (%).
PIGF, placental growth factor; MoM, multiples of the median; PAPP-
A, pregnancy-associated plasma protein A.
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Table 2. Associations of the variables with PIGF and PAPP-A in the first trimester

Number PIGF MoM PAPP-A MoM

Parity

Primipara 103 0.99+0.47 1.36+0.84

Multipara 72 1.02+0.39 1.13+0.65

P-value 0.87 0.04”
Maternal age (yr)

<35 122 1.00+0.42 1.34+0.82

>35 53 0.95+0.40 1.05£0.63

P-value 0.51 0.04”
Obesity (kg/m?)

BMI <25 132 1.02£0.45 1.25£0.76

BMI >25 43 0.87+0.29 1.31+0.83

P-value 0.07 0.69
Family history of HiBP

Controlled 118 0.95+0.40 1.26+0.69

Uncontrolled 57 1.08+0.44 1.28+0.93

P-value 0.06 0.83
HiBP

Controlled 171 1.00+0.42 1.27+£0.77

Uncontrolled 4 0.75+0.29 1.10+0.63

P-value 0.19 0.41
Presence of DM

No 169 1.00£0.42 1.28+0.77

Yes 6 0.84+0.32 0.91+0.82

P-value 0.34 0.24
Presence of GDM”

No 140 0.95+0.35 1.22+0.68

Yes " 0.80+0.25 0.76+0.31

P-value 0.14 0.03?
History of smoking

No 153 0.96+0.39 1.29+0.70

Yes 22 1.15+0.55 1.10+0.79

P-value 0.05” 0.29
Pregnancy type

Single 165 0.96+0.39 1.19+0.69

Twin 10 1.41+0.70 2.40+£1.17

P-value 0.001” <0.001?

Data are presented as mean+standard deviation.

PIGF, placental growth factor; PAPP-A, pregnancy-associated plasma protein A; MoM, multiples of the median; BMI, body mass index; HiBP,
high blood pressure; DM, diabetes mellitus; GDM, gestational diabetes.

Istatistically significant; “Diagnosed during the second trimester in a singleton pregnancy.

and PAPP-A MoM levels were significantly lower in the SGA  than in the corresponding control group, without statistical
group than in the corresponding control group, and the PIGF  significance (Table 3). Results of univariate logistic regression
and PAPP-A MoM levels tended to be lower in the PE group  analysis of singleton pregnancies showed that low PIGF and
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Table 3. Associations of SGA and PE with PIGF and PAPP-A in a singleton pregnancy

Number PIGF MoM PAPP-A MoM

Presence of SGA

No 133 0.97£0.34 1.24+0.70

Yes 18 0.78+0.32 0.82+0.31

P-value 0.026” 0.0127
Presence of PE

No 141 0.94+0.34 1.18+0.67

Yes 10 0.99+0.43 1.31£0.83

P-value 0.66 0.58

Data are presented as meanzstandard deviation.

SGA, small-for-gestational-age; PE, pre-eclampsia; PIGF, placental growth factor; PAPP-A, pregnancy-associated plasma protein A; MoM, mul-

tiples of the median.
IStatistically significant.

Table 4. Results of univariate logistic regression analysis for predicting a small-for-gestational-age infant in a singleton pregnancy

Variable Odds ratio 95% confidence interval P-value
PIGF MoM 0.143 0.025-0.806 0.0277
PAPP-A MoM 0.191 0.051-0.718 0.014?
Pre-eclampsia 5.600 1.141-27.488 0.034?
PIGF, placental growth factor; MoM, multiples of the median; PAPP-A, pregnancy-associated plasma protein A.
IStatistically significant.
Table 5. Results of univariate logistic regression analysis for predicting pre-eclampsia in a singleton pregnancy
Variable Odds ratio 95% confidence interval P-value
PIGF MoM 1.502 0.244-9.265 0.661
PAPP-A MoM 1.281 0.540-3.037 0.575
Age 1.304 1.053-1.614 0.015”
Body mass index 1.230 1.055-1.434 0.008”

PIGF, placental growth factor; MoM, multiples of the median; PAPP-A, pregnancy-associated plasma protein A.

IStatistically significant.

PAPP-A MoM levels and PE were associated with SGA infants
(Table 4). We found that the only significant predictors of PE
are maternal age and body mass index. The PIGF and PAPP-A
MoM levels could not predict PE (Table 5).

According to the the results of logistic regression analysis,
the PIGF MoM level was significantly positively correlated with
the PAPP-A MoM level (r=0.467, P<0.001) (Fig. 1). The PIGF
MoM level in the first trimester was not significantly correlat-
ed with the uterine artery systolic-diastolic ratio in the second
trimester (r=-0.179, P=0.200) (Fig. 2). However, the PAPP-A
MoM level in the first trimester was significantly correlated
with the uterine artery systolic-diastolic ratio in the second
trimester (r=-0.029, P=0.017) (Fig. 3).

According to the ROC curves, the best cut-off points for
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predicting an SGA infant was 0.885 for PIGF MoM and 1.06
for PAPP-A MoM. The area under the curve (AUC) of the ROC
for PAPP-A MoM (AUC, 0.728; P=0.002) was greater than
that for PIGF MoM (AUC, 0.662; P=0.026) for predicting SGA
infants (Fig. 4).

Discussion

Recently, studies have shown that between the first and second
trimesters of singleton pregnancies, changes in maternal plasma
levels of angiogenic factors (e.g., vascular endothelial growth
factor, PIGF, and PAPP-A) and anti-angiogenic factors (e.g., solu-
ble fms-like tyrosine kinase-1 [sFlt-1]) and/or their ratios increase

www.ogscience.org
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PAPP-A MoM

0.0 0.5 1.0 15 2.0 25 3.0
PIGF MoM

Fig. 1. Relationship between the maternal serum placental growth
factor (PIGF) and pregnancy-associated plasma protein A (PAPP-A).
The PIGF multiples of the median (MoM) level was significantly posi-
tively correlated with the PAPP-A MoM level (r=0.467, P<0.001).

2.54

2.04 .

PIGF MoM

1.0 15 2.0 2.5 3.0 35
Uterine artery S/D ratio

Fig. 2. Relationship between the placental growth factor (PIGF)
and uterine artery systolic/diastolic (S/D) ratio. The PIGF multiples of
the median (MoM) level in the first trimester was not significantly
correlated with the uterine artery S/D ratio in the second trimester
(r=-0.179, P=0.200).

the risk of delivering SGA infants and/or developing PE [19-
21]. Of these factors, the present study focused on PIGF and
PAPP-A because most previous studies have focused on the
relationship between sFlt-1 and PIGF [19,20]. Between PIGF
and PAPP-A, however, no previous South Korean studies have
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PAPP-A MoM

1.0 1.50 2.00 2.50 3.00 3.50
Uterine artery S/D ratio

Fig. 3. Relationship between the pregnancy-associated plasma
protein A (PAPP-A) and uterine artery systolic/diastolic (S/D) ratio.
The PAPP-A multiples of the median (MoM) level in the first trimester
was significantly associated with the uterine artery S/D ratio in the
second trimester (r=-0.029, P=0.017).
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Fig. 4. Receiver operating characteristics curves for the placental
growth factor (PIGF) and pregnancy-associated plasma protein A
(PAPP-A) multiples of the median (MoM). According to receiver op-
erating characteristics analysis, the area under the curves (AUCs) for
PAPP-A MoM (AUC, 0.728; 95% confidence interval, 0.628 to 0.828;
P=0.002) and PIGF MoM (AUC, 0.662; 95% confidence interval,
0.532 t0 0.792; P=0.026) were calculated.

reported on maternal PIGF, PAPP-A, and uterine artery Dop-
pler sonogram findings.
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A lower PIGF level than normal due to insufficient vascular
remodeling of the spiral arteries eventually leads to reduced per-
fusion of the placenta, which is conceivably involved in the fol-
lowing adverse pregnancy outcomes: SGA, PE, HELLP (hemolysis,
increased liver enzymes, and low platelets) syndrome [22-27].
Some studies have shown that the PIGF level is low in preg-
nancies complicated by SGA infants and PE [6,7,19,28-32]. It
has been reported that pregnancy-induced hypertension, fetal
growth restriction, diabetes mellitus, and miscarriage are as-
sociated with a low maternal serum PAPP-A level at 10 to 14
weeks of gestation [33-35].

Contrary to our expectation, we found that PAPP-A MoM
levels were higher in primipara women and women with a
BMI =25 kg/m’; these factors are generally regarded as risk
factors for hypertensive disorders. However, the PIGF MoM
levels tended to be lower, although not statistically significant,
in primipara women and women with a BMI >25 kg/m’. One
possible explanation for these findings is that PIGF is more ac-
curate for predicting PE than PAPP-A as an independent fac-
tor, and/or PE involves more complex and various factors than
delivering SGA infants. We found that the PAPP-A and PIGF
MoM levels were higher in women with a twin pregnancy
than in those with a singleton pregnancy. These findings are
consistent with those of previous studies [36,37]. It has been
reported that PIGF levels are lower in women with twin preg-
nancies who have PE, and the PAPP-A levels increase by the
same magnitude that the PIGF levels reduce, which is consid-
ered to result from placental over-compensation [37,38].

The present study’s findings demonstrated that in preg-
nancies resulting in the birth of SGA infants, the maternal
serum PIGF and PAPP-A levels at 11+0 to 13+6 weeks of
gestation decrease, and in normal pregnancies, there was
a significant association between the serum levels of these
metabolites and birth weight, which may be predetermined,
which are findings consistent with the those of previous
studies [6,7]. Our study’s results are consistent with the
hypothesis that impaired placentation plays a role in the
pathogenesis of PE and SGA. It is noteworthy that in this
study PIGF and PAPP-A were more statistically significantly
associated with delivering an SGA infant than with devel-
oping PE. However, although delivering an SGA infant and
developing PE were similar in that both conditions have im-
paired placental implantation, we found that PIGF and PAPP-
A were associated with delivering an SGA infant. Additionally,
in a comparison between PIGF and PAPP-A, we found that
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PAPP-A had a more predictive value for delivering an SGA
infant. Only the PAPP-A, which is a well-known predictive
factor for SGA, was associated with the second trimester um-
bilical artery Doppler sonogram findings [39]. The reason why
PAPP-A was more predictive needs to be explored in further
studies.

This study has several strengths. First, this was a prospec-
tive, observational study performed by one operator, which
reduced the inter-observer variability of the ultrasound
scans. Second, to our knowledge, this is the first study
about the associations of PIGF and PAPP-A assessed in the
first trimester in terms of PE and SGA infants in South Ko-
rea. Third, to evaluate placentation, we performed uterine
artery Doppler sonography in the second trimester instead
of measuring the PIGF and PAPP-A levels in the first trimes-
ter. In the future, further clinical studies on the accuracy of
PIGF and PAPP-A levels as predictors of PE should be per-
formed.

However, this study has several limitations. First, the study
included a small number of women; therefore, our study
only confirmed that the PIGF and PAPP-A levels in the PE
group were similar to those in the control group. There is a
possibility that the PE group included a smaller number of
women than the SGA group in our study, and PE itself has
more complex factors than SGA. Second, we did not subdi-
vide the HDP, such as gestational hypertension, PE, eclamp-
sia, PE superimposed on chronic hypertension, and chronic
hypertension. If we could have subdivided the hypertensive
disorders and had a sufficient number of patients with PE,
we may have found a relationship between PE and PIGF, and
PAPP-A. In conclusion, the PIGF and PAPP-A levels are po-
tentially useful as first-trimester markers for SGA infants and
some HDP. The measurement of PIGF and PAPP-A in the first
trimester may be more useful in developing countries where
regular antenatal care during pregnancy cannot be provid-
ed. Further studies are needed to demonstrate the different
roles of PIGF and PAPP-A in placentation. Additionally, large-
scale studies should be performed to further evaluate the
usefulness of these markers alone and in combination with
an ultrasonography examination, and other markers such as
sFIt-1 should be studied further. Furthermore, early interven-
tional trials should be designed to prevent these pregnancy
complications.
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