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Summary

Purpose of investigation: The objective of this study was to predict preeclampsia using extreme-low first-trimester pregnancy-asso-
ciated-plasma-protein-A-(PAPP-A), extreme-low free-beta-human-chorionic-gonadotropin-(free-BhCG)-levels, and extreme-high pul-
satility-index (PI) of uterine arteries, as single and combined predictors for preeclampsia development in resource-limited-settings.
Materials and Methods: First-trimester screening for PAPPA, free-BhCG, and PI was performed between 11-13*¢ gestation-weeks in nul-
liparous, normotensive women with singleton pregnancy with extremely-low PAPP-A (PAPP-A < 0.52 MoM), extremely-low free-
PhCG (free-phCG < 0.56 MoM) and extremely-high PI (> 2.52). Results: Of 85 pregnant women, 14 (16.5%) developed preeclampsia.
PAPP-A <0.52 MoM and PI > 2.52, as a single categorical variables, found to be with high OR for preeclampsia-development (OR =
7.07, 95% CI = 0.873-57.204, p = 0.067; OR = 5.098, 95% CI = 0.625-41.575, p = 0.128, respectively). The ROC-curve identified
PAPP-A and PI as continuous variables to be significant predictors of preeclampsia (AUC = 0.864, 95% CI = 0.750-0.978, p = 0.000;
AUC=0.762, 95% CI = 0.598—0.925, p = 0.002, respectively). A prediction model for preeclampsia including PAPP-A < 0.52 MoM +
PI>2.52 was found to be significantly associated with preeclampsia (p = 0.027). Conclusion: The present study suggests that the first-

trimester extreme low-PAPP-A and increased Doppler-PI levels have significant predictive capability for preeclampsia.
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Introduction

Preeclampsia is known as a major factor of perinatal
morbidity and mortality worldwide. Given the high preva-
lence of preeclampsia, early identification of pregnant
women at high risk for developing this disorder could im-
prove antenatal surveillance and would enable use of pre-
ventive strategies [1]. Women at risk could be possibly
identified for preeclampsia risk using clinical and history
data, such as parity, body mass index, impaired glycoreg-
ulation, previous preeclampsia or chronic hypertension.
However, the usage of mentioned screening model will
detect only 30% of patients who will really develop
preeclampsia [2].

Maternal serum pregnancy-associated plasma protein A
(PAPP-A) levels and free beta human chorionic go-
nadotropin (free BhCG) levels, used for routine Down syn-
drome screening together with maternal age and other
ultrasound parameters, have also been suggested as a part
of the first-trimester predictive model of preeclampsia [3-
4]. The association of first-trimester low levels of PAPP-A
with preeclampsia have already been demonstrated in a
number of studies [5-7], while correlation between the first-
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trimester, low levels of free BhCG with preeclampsia have
been confirmed in a very few studies [5]. On the other hand,
a number of first-trimester maternal serum hormones, such
as placental growth factor (PIGF), placental protein 13
(PP13), inhibin A, ADAM 12, and many others have also
been assessed as early predictors of preeclampsia [8-11].
In addition, the important evidence for impaired placental
perfusion in pregnancies destined to develop preeclampsia
was provided by Doppler studies of increased pulsatility
index (PI) of uterine arteries in the first trimester [12]. Re-
cently, Poon et al. created significant predictive model for
development of preeclampsia combining maternal charac-
teristics with first-trimester serum analytes (e.g. PAPP-A
and PIGF), hemodynamic parameters (e.g. uterine Doppler
PI) and mean arterial pressure (MAP) [13]. Due to the
shortages, the majority middle-income countries, such as
Serbia, cannot use a number of the suggested first-trimester
biomarkers in order to provide similar preeclampsia risk-
predictive model. Therefore, the objective of this study was
to evaluate extreme low levels of maternal serum PAPP-A
and free BhCG used for routine Down syndrome screening
in first trimester and extreme high levels of Doppler uter-
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Table 1. — Baseline patients characteristics.

Preeclampsia development p-value
Yes (n=14) No (n=71)
Maternal age (years) 32.1443.42 30.92+44.35  0.322
BMI (kg/m?) 31.2843.56 26.44+4.06  <0.01
Smoking Yes 4 (16.7%) 20 (83.3%)  1.000
No 10 (16.4%) 51 (83.6%)
DM Yes 3(21.43%) 3 (423%)  0.054
No 11 (13.9%) 68 (86.1%)
IVF Yes 2 (50.0%) 2(50.0%)  0.125
No 12 (14.8%) 69 (85.2%)
PAPP-A (MoM) 0.33+0.11 0.68+0.41 <0.001
PI 2.61+0.21 2.40+0.30 <0.001
Free BHCG (MoM) 0.61£0.35 0.62+0.46 0.708

*Data are presented as n (%) or meansd.

ine PI in the first trimester, as an independent single and
combined predictors for development of preeclampsia in
resource limited settings.

Materials and Methods

This was a prospective study of pregnant women booked for
the antenatal care from March 1%, 2012 to December 31%, 2014.
First-trimester screening was performed between 11-1376 weeks of
gestation. All nulliparous, normotensive pregnant women, older
than 18 years with singleton pregnancy routinely screened for
Down syndrome (e.g. ultrasound markers: fetal crown-rump
length, and nuchal translucency together with maternal biochem-
istry: PAPP-A and free BhCG) have been included in the study.
Multiparous women, women with multiple gestations, and preg-
nancies with a major fetal chromosomal or structural anomaly,
were excluded from further statistical analyses.

In order to be included in a final analysis, besides fulfilling all
general inclusion criteria, patients had to have at least one out of
three following criteria: extremely low maternal serum PAPP-A
levels, extremely low free BhCG levels, and extremely high mean
uterine artery PI index. The extreme PAPP-A, free BhCG, and
mean PI index cut-off values were first-trimester PAPP-A < 0.52
MoM [14], first-trimester free BhCG < 0.56 MoM [15], and mean
PI > 2.52 [14, 16], respectively. Groups of 85 patients who ful-
filled all inclusion criteria were followed for preeclampsia.
Preeclampsia was defined as systolic blood pressure of >140
mmHg and/or diastolic blood pressure > 90 mmHg on two or more
occasions four hours apart, developing with proteinuria of 0.3 mg
or more in a 24-hour urine specimen occurring after 20 weeks of
gestation in a woman with previously normal blood pressure [17].

At the time of inclusion in the final analysis, pregnant women
answered a standardized questionnaire on maternal age, ethnic ori-
gin, smoking status during pregnancy, and other medical condi-
tions (e.g. diabetes mellitus, blood pressure, etc.). The maternal
weight and height were measured and BMI was calculated. Ma-
ternal serum samples for PAPP-A and free PhCG were assayed
with the PRISCA software package analyzer and results were ex-
pressed as MOM, adjusted for gestational of age, ethnicity, mater-
nal weight, insulin-dependent diabetes, smoking, and in vitro
fertilization (IVF) history. Ultrasound (US) examinations were per-
formed routinely at 11-137¢ weeks of gestation including stan-
dardized transabdominal ultrasound Doppler examination (REFF
FMF) using 5.2 MHz curvilinear probe in all patients included in
the study. Uterine artery mean PI measurements were performed

Table 2. — Univariate logistic regression analysis of first
trimester biomarkers and uterine artery Doppler findings
and their association with pre-eclampsia.

Parameters p-value  OR (95% CI) R?

PAPP-A <0.001 3.803E-7 (OE-7-0.0012) 0.470
PAPP-A<0.52 MoM 0.067  7.065 (0.873-57.204) 0.103
PI 0.051 345.9(0.836-143153) 0.170
PI1>2.52 0.128  5.098 (0.625-41.575) 0.067
Free BHCG 0.932  0.943 (0.246-.618) 0.001
Free BHCG <0.56 MoM  0.462  0.614 (0.168-2.250) 0.010

Table 3. — Backward stepwise logistic regression of com-
bined first trimester PAPP-A and uterine artery Doppler
findings and their association with preeclampsia.

Parameters p-value OR (95% CI) R?
PAPP-A <0.52 MoM +P1>2.52 0.027 5.83 (1.217-27.297) 0.125

by the same experienced fetal medicine specialists. Written con-
sent for participation was obtained from all participants and the
study was approved by the Ethics Committee, School of Medi-
cine, University of Belgrade, Serbia.

Data are presented as count (percentage) or mean + sd (min-
max), depending on the data type. Pearson chi-squared or Fisher’s
exact tests were used for the comparison of categorical variables
and Student’s ¢-tests were used for continuous variables. Univari-
ate analysis was initially performed to determine variables with a
significant association with preeclampsia. Backward stepwise lo-
gistic regression was used to determine the combined prediction
model for preeclampsia. ROC analysis was performed to assess
cut-off values of markers that best predict adverse event in preg-
nancy. Statistical analyses were performed using SPSS 20.0 soft-
ware package.

Results

There were 85 patients, all Caucasians, and all nor-
motensive, included in the study. Preeclampsia as an out-
come, was diagnosed in 14 patients (16.47 %). Baseline
patients characteristics are shown in Table 1. Association
between first-trimester maternal parameters (PAPP-A, free
BhCG. and uterine artery Doppler PI) using various thresh-
olds for all three variables are shown in Table 2. Overall
percentage of correctly classified data was between 83.5%
and 88.2%.

PAPP-A, as continuous variable, was found to be signif-
icantly associated with preeclampsia (p < 0.001). While,
PAPP-A < 0.52 MoM, as categorical variable, was found
to be very close to be significantly associated with
preeclampsia (p = 0.067). While PI, as continuous variable,
was found to be significantly associated with preeclampsia
development (p = 0.05). In contrast with this, PI > 2.52
MoM, as a categorical variable, with even higher OR for
development of preeclampsia was not found to be signifi-
cantly associated with preeclampsia (p = 0.128). There was
no statistically significant association between free BhCG,
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Figure 1. — ROC curve for the prediction of preeclampsia using
first trimester PAPP-A, pulsatility index (PI) of uterine arteries
and free HCG.

either as continuous or categorical variable with preeclamp-
sia across all defined thresholds (p = 0.932 and p = 0.462,
respectively).

Backward stepwise logistic regression used to determine
the combined prediction model including categorical vari-
ables PAPP-A < 0.52 MoM together with PI > 2.52 was
found to be significantly associated with preeclampsia de-
velopment (p = 0.027) (Table 3). Overall percentage of cor-
rectly classified data was between 83.5% and 87.1%.

AUC was performed to assess cut-off value of studied
variables that best predicts preeclampsia as adverse preg-
nancy outcome. The model identified first-trimester PAPP-
A (AUC=0.864, 95% CI =0.750—0.978; p = 0.000) and PI
(AUC = 0.762, 95% CI = 0.598—0.925; p = 0.002) to be
significant predictors for preeclampsia development, and
first-trimester free BPhCG (AUC = 0.532, 95% CI =
0.370—0.694; p = 0.709) to be a non-significant predictor
for preeclampsia (Figure 1).

Discussion

The findings of this prospective study in nulliparous
women with extreme levels of at least one out of three risk
parameters for preeclampsia demonstrated that the first-
trimester low levels of maternal serum PAPP-A and first-
trimester high levels of uterine Doppler PI are associated
with an increased risk for subsequent development of
preeclampsia. The same results were presented in several
other studies [7, 12-14]. This study also demonstrated no
association between low levels of maternal serum free
BhCG and development of preeclampsia.

The etiology of preeclampsia is not completely under-
stood, but impaired trophoblastic invasion of spiral arteries

and the lack of placentation are highly marked in pregnan-
cies destined to develop preeclampsia [18]. Since PAPP-A
is a protease for insulin-like growth factor (IGF) binding
protein-4 (IGFBP-4) and therefore low PAPP-A levels are
associated with higher IGFBP-4 and lower IGF [19]. There-
fore, IGF influence trophoblast invasion and may have a
role in preeclampsia development [20]. The present study
has shown that the first-trimester extreme low levels of
PAPP-A, as a single independent predictor (e.g. < 0.52
MoM), increased seven-fold the risk for preeclampsia de-
velopment to be very close with statistical significance. This
result is consistent with the results of another study which
demonstrated that women with low first-trimester PAPP-A
levels were significantly more likely to experience
preeclampsia and pattern of increased risk was noted as the
level of PAPP-A became more extreme [21]. In contrast to
the present results, Pilalis et al. found low maternal levels of
PAPP-A not to be significant independent predicting factor
for preeclampsia [14]. In the present study, first-trimester
maternal serum free BhCG, even in extreme low levels (e.g.
< 0.56 MoM) was not found to be associated with
preeclampsia development. Dugoff ez al. presented similar
results [21].

Important evidence for impaired placental perfusion in
pregnancies destined to develop preeclampsia has been pro-
vided by Doppler studies of increased PI of uterine arteries
in first trimester. A number of first-trimester studies using
single abnormal uterine artery Doppler PI high levels
demonstrated an overall sensitivity of 25% for the prediction
of preeclampsia, improving to about 60% for early onset se-
vere disease [22-24]. In the present study extreme high lev-
els of mean uterine artery Doppler evaluation (e.g. PI >
2.52), as a single predictor, have shown a high relative risk
for preeclampsia development, although with no statistical
significance. Furthermore, first-trimester mean uterine ar-
tery Doppler PI, was found to be significantly associated
with preeclampsia. Recently, Parra-Cordero ef al. demon-
strated a significant increase in the first-trimester uterine ar-
tery Doppler PI in patients who developed both early and
late-onset preeclampsia compared to controls [25].

In the present study, multivariate prediction model com-
bining extreme first-trimester high levels of mean uterine
artery Doppler PL, together with extreme first-trimester low
levels of PAPP-A, significantly improved predictive capa-
bility and efficiency for preeclampsia. Single addition of
aforementioned first-trimester maternal biochemical and
hemodynamic markers could improve the prediction of
preeclampsia, but limitation according to low sensitivity
and specificity still exist [26]. A review of screening tests
for preeclampsia concluded that no single first-trimester
marker is available to provide a complete sufficient diag-
nostic accuracy [27]. One of the significant first-trimester
risk-predicting model for preeclampsia development was
recently created and presented by Poon et al. using com-
bining maternal characteristics with first-trimester serum
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analytes (PAPP-A and PIGF) and hemodynamic parame-
ters (uterine Doppler PI and MAP). This model presented
a detection rate of 93% for early preeclampsia and 61% for
late preeclampsia, at a 5% false positive rate [13]. Despite
the mentioned finding, the majority of perinatal centers in
middle income country, such as the present, generally can-
not provide similar risk-predictive model for preeclampsia.
This is because determination of maternal serum PIGF is
not recognized by the National Health Care authorities, as
a routine laboratory procedure. Furthermore, a single ac-
curacy of PIGF is too poor to allow its routine use for pre-
diction of preeclampsia [28]. Currently, there is not enough
positive evidence-based data about its cost-effectiveness in
order to support the implementation of PIGF and a number
of other biomarkers to be a part of routine prenatal care pro-
gramme in a resource limited setting, either of such a new
screening strategy as a whole [29]. Also, limitation ac-
cording to appropriate technology equipment and software
package still exist. Therefore, the approach the present au-
thors presented, could be possibly used in resource limited
settings where three above described variables (e.g. first-
trimester free BhCG, PAPP-A, and uterine artery PI) could
be of possible clinical usage for the prediction of
preeclampsia development on a daily basis. The present re-
sults generated an AUC indicating a significant efficiency
for the prediction of preeclampsia.

This study has the limitation of being a single-center study
with a small sample size. The important aspect of this study
was to demonstrate the capability of extreme low levels of
maternal serum PAPP-A and free BhCG used for Down syn-
drome screening in first trimester, and extreme high levels
of Doppler uterine PI in first trimester, as a single as well as
combined predictors for preeclampsia development as an
alternative approach with a sufficient diagnostic accuracy
and clinical usefulness. However, it has the advantage of
evaluating high-risk pregnant women for preeclampsia as a
part of a routine perinatology clinical practice with no ad-
ditional recent risk-predictive model costs, which is of the
great importance in the resource constrain settings.

Conclusion

The present study suggests that the first-trimester ex-
treme low levels of maternal serum PAPP-A and Doppler
PI significantly improved predictive capability for
preeclampsia. Described model could be possibly used in a
routine daily clinical practice in resource limited settings
where other parameters are not available for the prediction
of preeclampsia development.
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