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Abstract

Objectives: In a previous study, we have described the predictive value of first-trimester Pregnancy-Associated Plasma
Protein-A (PAPP-A), free B-subunit of human Chorionic Gonadotropin (fB-hCG), Placental Growth Factor (PIGF) and A
Disintegrin And Metalloprotease 12 (ADAM12) for early onset preeclampsia (EO-PE; delivery <34 weeks). The objective of
the current study was to obtain the predictive value of these serum makers combined with maternal characteristics and
first-trimester maternal mean arterial blood pressure (MAP) in a large series of patients, for both EO-PE and late onset PE
(LO-PE; delivery = 34 weeks).

Methods: This was a nested case-control study, using stored first-trimester maternal serum from women who developed
EO-PE (n=68) or LO-PE (n=99), and 500 uncomplicated singleton pregnancies. Maternal characteristics, MAP, and
pregnancy outcome were collected for each individual woman and used to calculate prior risks for PE in a multiple logistic
regression model. Models containing prior PE risks, serum markers, and MAP were developed for the prediction of EO-PE
and LO-PE. The model-predicted detection rates (DR) for fixed 10% false-positive rates were calculated for EO-PE and LO-PE
with or without the presence of a small-for-gestational age infant (SGA, birth weight <10™ centile).

Results: The best prediction model included maternal characteristics, MAP, PAPP-A, ADAM12, and PIGF, with DR of 72% for
EO-PE and 49% for LO-PE. Prediction for PE with concomitant SGA was better than for PE alone (92% for EO-PE and 57% for
LO-PE).

Conclusion: First-trimester MAP, PAPP-A, ADAM12, and PIGF combined with maternal characteristics and MAP are
promising markers in the risk assessment of PE, especially for EO-PE complicated by SGA.

Citation: Kuc S, Koster MPH, Franx A, Schielen PCJI, Visser GHA (2013) Maternal Characteristics, Mean Arterial Pressure and Serum Markers in Early Prediction of
Preeclampsia. PLoS ONE 8(5): €63546. doi:10.1371/journal.pone.0063546

Editor: Cees Oudejans, VU University Medical Center, The Netherlands
Received February 24, 2013; Accepted April 4, 2013; Published May 22, 2013

Copyright: © 2013 Kuc et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: Funding provided by a University Medical Centre Alexandre Suerman MD-PhD scholarship: http://www.umcutrecht.nl/subsite/opleiding-geneeskunde/
Overige/MDPhD-traject/. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: S.Kuc@umcutrecht.nl

Introduction First-trimester screening for PE may prove useful to identify
high risk patients for subsequent increased surveillance and/or
early preventive treatment with low dose aspirin [9;10]. Screening
women worldwide and is a leading cause of maternal and with markers of placentation is likely to identify early placental PE,

perinatal morbidity and mortality, in particular when resulting in a whereas maternal characteristics may be related to both EO- and
delivery before 34 weeks of gestation [1-3]. The latter is called LO-PE.

early onset PE (EO-PE). It is associated with insuflicient
placentation and consequently often with severe perinatal mor-
bidity and mortality due to concomitant fetal growth restriction,
1atrogenic preterm birth, placental abruption and stillbirth [4;5].

Pre-eclampsia (PE) affects approximately 2% of pregnant

In 2010, we performed a nested case-control study in 568
singleton pregnancies at 87—13*® weeks of gestation, including 88
women who developed EO-PE [11]. In that study we investigated
- ; ) the maternal serum concentrations of serum markers: Pregnancy-
The exact pathophysiology of PE remains to be elucidated. Associated Plasma Protein-A (PAPP-A), free B-subunit of human
Nevertheless it is widely acknowledged that PE is a syndrome that Chorionic Gonadotropin (fB-hCG), Placental Growth Factor
may arise by different pathophysiological pathways in which p|GF) Placental Protein 13 (PP13) and A Disintegrin And

impaired - placentation, maternal constitution and abnormal = \fealloprotease 12 (ADAMI12). For a fixed 10% false-positive rate
circulatory and immunological adaptation to pregnancy may play

a role. Depending on these pathways PE may occur early in
pregnancy with impaired placentation and with fetal growth
restriction (‘placental-PE’), or late in pregnancy without fetal
growth restriction (‘maternal-PE’) [6-8].

we were able to identify 54% of EO-PE pregnancies. Furthermore,
in pregnancies complicated by PE and with an infant small-for-
gestational age (SGA, birth weight <10" centile) all serum marker
levels were significantly lower as compared to those of pregnancies
complicated by PE alone.
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Several maternal characteristics are also known to be related to
the risk of developing PE. Such factors are nulliparity, higher
maternal age, high body mass index (BMI), PE in previous
pregnancy, family history of hypertensive pregnancy disorders and
chronic hypertension. Also, the mean arterial pressure (MAP) in
the first-trimester may provide valuable information [1;12;13].

It was the aim of this study to examine the performance of first-
trimester screening for both EO-PE and LO-PE based on
maternal characteristics, first-trimester MAP, and placenta derived
serum makers in a new patient population. Prospective studies on
markers for PE require large data sets given the low 1-2%
incidence of PE. We therefore conducted a nested case-control
study using stored first-trimester serum. This way we were able to
study 68 EO-PE, 99 LO-PE and 500 controls.

Materials and Methods

Ethics Statement

This study approach was approved by the Scientific Ethical
Committee of the University Medical Centre of Utrecht METC
Utrecht), the Netherlands (protocol number: 11-002). All partic-
ipating women in this manuscript have given written informed
consent during the first-trimester Down syndrome screening.

Study Population

This was a nested case-control study derived from a large cohort
of women participating in the routine Dutch first-trimester Down
syndrome screening between 2007 and 2009. In this context
maternal age, sample date, gestational age (GA) at sampling,
maternal weight, method of conception, history of diabetes, and
smoking status were recorded by a midwife or gynaecologist. As
part of the screening, maternal serum concentrations of PAPP-A
and fB-hCG were measured in serum of blood sampled at 9%
13" weeks GA. Samples were subsequently stored at —80°C. An
ultrasound measurement of fetal crown-rump length (CRL) and
nuchal translucency (NT) thickness were performed between 117
and 13" GA. All ultrasound examinations were performed by
certified sonographers using standardized techniques. Where
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applicable, GA was calculated based on first-trimester CRL
measurement at ultrasound examination using the formula of
Robinson and Fleming (1975) [14]; otherwise the first day of the
last menstrual period was used. Pregnancy outcomes, including
chromosomal disorders, date of birth, birthweight and hyperten-
sive pregnancy complications (PE, HELLP syndrome or pregnan-
cy induced hypertension), were collected through self-reporting by
the participating women. Six months after the estimated delivery
date, a reminder letter was sent to these women to collect missing
data. This way, 75% of all pregnancy outcomes could be recorded.
For the current study women with a multiple pregnancy, women
who delivered before 24 weeks and women who gave birth to a
child with a chromosomal abnormality were excluded.

By follow up of self-reported cases of EO-PE we confirmed the
diagnosis of EO-PE in 68 pregnancies at the participating
hospitals. Moreover, from a larger cohort of women who
developed LO-PE we randomly selected 99 cases; 50 cases with
an infant appropriate for gestational age at birth and 49 cases with
a SGA infant. From all these cases we collected missing data on
maternal characteristics i.e. medical history, parity, weight, height,
first-trimester mean arterial pressure (MAP) and pregnancy
outcome i.e. GA at delivery, birthweight and fetal sex. For the
control group 500 women having delivered phenotypically and
chromosomally normal neonates at term (377°-42%" weeks) and
not having developed any pregnancy complication, were randomly
selected from the two biggest ultrasound centres participating in
the routine Dutch first-trimester Down syndrome screening
program (Universitair Verloskundig Centrum Utrecht and De
Poort Leiden). The outcomes of these pregnancies were confirmed
in the midwifery practices and missing maternal characteristics
and first-trimester MAP were collected.

This was the first time this large cohort of women participating
in the routine Dutch first-trimester Down syndrome screening
(2007-2009) was used for any research purpose. The data set
presented in this study has never been used before in any of our
previous studies.

Table 1. Study population baseline characteristics in control and PE pregnancies. Values are presented as median (IQR) or number

Maternal weight (kg)

Maternal BMI (kg/m2)

Nulliparity

Smoking

Assisted reproduction

Gestation at sampling (days)

History of hypertensive pregnancy disorders
Gestation at birth (wk)

Birthweight (gr)

Birthweight centile

Sex, n male (%)

65.5 (60.0-73.0)
22.8 (20.7-24.8)
233 (46.6)

21 (4.2)

0 (0)

88 (84-91)
4(0.8)

40 (39-41)
3544 (3243-3800)
57.0 (33.1-78.4)
244 (48.8)

70.0 (62.0-81.5)*
24.7 (21.9-29.3)*
55 (80.9)*

8 (11.8)*

3(44)

85 (76-89)*

4 (5.9)%

31 (30-32)*
1300 (1045-1609)*
25.0 (13.4-50.4)*
34 (49.7)

(%).

Characteristics Controls EO-PE LO-PE
n=500 n=68 n=99

Maternal age (y) 33 (30-35) 34 (30-37) 33 (30-36)

67.5 (62.0-75.0)
23.7 (21.3-26.5)*
72 (72.7)*

6 (6.1)

8 (8.1)

85 (79-89)*

10 (10.1)*

37 (36-39)*
2650 (2130-3110)*
13.8 (3.8-46.0)*
53 (53.5)

doi:10.1371/journal.pone.0063546.t001
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A Pearson’s chi square test and Mann-Whitney U test, both with post hoc Bonferroni correction were used for statistical analysis. Adjusted significance value p<<0.016 (*).
EO-PE: early-onset preeclampsia; LO-PE: late-onset preeclampsia; IQR: interquartile range; BMI: body mass index.



Early Prediction of Preeclampsia

Table 2. Median MoM (IQR) of marker concentrations in control and PE groups.

Variables Controls EO-PE LO-PE

All casesn =68 With SGA infantn=13 All casesn=99 With SGA infantn =49

n MoM n MoM n MoM n MoM n MoM

PAPP-A 500 1.01 (0.70-1.48) 68 0.89 (0.53-1.45) 13 0.56 (0.35-1.22) 99 1.04 (0.62-1.49) 49 0.95 (0.54-1.44)
Free /~hCG 500 0.99 (0.70-1.44) 68 0.92 (0.56-1.57) 13 0.88 (0.57-1.06) 929 1.04 (0.70-1.46) 49 1.04 (0.66-1.38)
ADAM12 491 1.00 (0.80-1.20) 63 0.93 (0.68-1.15) 12 0.68 (0.57-1.03)* 95 1.02 (0.85-1.28) 48 0.99 (0.81-1.19)
PIGF 482 1.00 (0.81-1.25) 59 0.94 (0.68-1.16)* 12 0.83 (0.42-1.15) 91 0.90 (0.65-1.22) 47 0.81 (0.56-1.15)
MAP 497 0.99 (0.93-1.05) 58 1.08 (1.02-1.17)* 13 1.04 (1.00-1.12)* 85 1.05 (1.00-1.14)* 37 1.01 (0.98-1.10)*

doi:10.1371/journal.pone.0063546.t002

Outcome Measures

PE was defined according to the criteria of the International
Society for the Study of Hypertension in Pregnancy as: gestational
hypertension beyond 20 weeks GA in previously normotensive
women with a systolic blood pressure = 140 mm Hg and/or
diastolic blood pressure = 90 mm Hg on at least two occasions
four hours apart, with the presence of proteinuria of = 300 mg in
24-hour collection or at least 2+ by dipstick on a spot urinalysis
[2]. EO-PE was defined as PE in pregnancies delivering <34
weeks GA, and LO-PE as PE in pregnancies delivering = 34
weeks. Pregnancy at term was defined as delivery = 37 weeks of
GA.

First-trimester blood pressure was collected from the medical
records at the hospitals and midwifery practices. It were measured

A Mann-Whitney U test, with post hoc Bonferroni correction were used for statistical analysis. Adjusted significance value p<<0.016 (¥).
MoM: multiple of the median; IQR: interquartile range; PAPP-A: Pregnancy-Associated Plasma Protein-A; f-hCG: free f-human Chorionic Gonadotropin; ADAM12: A
Disintegrin And Metalloprotease 12; PIGF: Placental Growth Factor; MAP: Mean Arterial Pressure; EO-PE: early-onset preeclampsia; LO-PE: late-onset preeclampsia.

following the standard method of measuring blood pressure in the
pregnancy described in the guidelines for gynaecologists and
midwives (NVOG: http://www.nvog-documenten.nl and KNOV:
http://www.knov.nl/docs). Blood pressure was measured with
validated hand devices, calibrated yearly. The pregnant women
were in the sitting position for at least 2-3 minutes and preferably
their right arm was supported, with the upper arm at heart level.
Either a normal or large adult cuff was used depending on the
mid-arm circumference. Korotkov V was used to determine the
diastolic pressure and the value was noted with a 2 mmHg
accuracy. MAP was calculated from the formula DP +1/3 (SP —
DP), where DP represents diastolic blood pressure and SP - systolic
blood pressure.

1,00

Log MoM PIGF

-1,00
Clcontrols
CdeoPE
ELorE
-2,00 T T T T T
9 10 1 12 13

Gestational week

Figure 1. Distribution of logarithmically transformed MoM PIGF through gestation weeks 9°-13°, MoM: multiple of the median.

doi:10.1371/journal.pone.0063546.g001
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maternal characteristics.
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Table 3. Multivariate logistic regression analysis of the factors defining the prior risk for the prediction of EO-PE and LO-PE by

Independent variable EO-PE LO-PE

OR 95% CI P OR 95% CI P
Age 1.095 1.006-1.193 0.036 1.075 1.008-1.147 0.026
Ln Weight 175.634 22.921-1345.844 <0.0001 11.437 2.619-49-949 <0.0001
Height (cm) 0.881 0.835-0.930 <0.0001 - - -
Nulliparity 7.1 3.106-16.229 <0.0001 3.981 2.31-6.858 <0.0001
Smoking 4.210 1.543-11.487 0.005 - - -

doi:10.1371/journal.pone.0063546.t003

Growth charts corrected for gestational age, sex and parity
according to the Dutch Perinatal Registry were used to calculate
the birthweight z-scores ([15]; (http://www.perinatreg.nl). Weight
for GA at the 50™ centile was used as the mean of the population
and the average standard deviation (SD) was calculated by the
formula (—71 SD +1 S8D)/2). Subsequently, the z-score was
converted into an exact centile for each studied infant. Small-
for-gestational age (SGA) was defined as occurring when the
birthweight was under the 10™ centile.

OR: odd ratios; Cl: confidence interval; p: significance value; Ln: natural logarithm; EO-PE: early onset preeclampsia; LO-PE: late onset preeclampsia.

Sample Analysis

The concentrations of PIGF and ADAMI12 were measured in
serum samples thawed once. AutoDELFIA time resolved assays
(Perkin Elmer, Turku, Finland) were used to measure all serum
marker concentrations. The detection limit (DL) of PIGF was 5.9
pg/mL, all measurements under the DL were discarded (serum
samples of 6 controls and 3 cases). For ADAM12 (DL: 6.0 ng/ml),
PAPP-A (DL: 5.0 mU/L) and {B-hCG (DL; 1.5 ng/ml; together
with PAPP-A already measured as part of the routine first-
trimester Down syndrome screening), none of the measurements
was lower than the DL. Before analysis extensive validation was
performed for PIGF and ADAMI12 assays. Mean intra-assay and

PLOS ONE | www.plosone.org

Table 4. Model predicted early preeclampsia detection rate (95% Cl) for FPR of 5 and 10% with PAPP-A, fB-hCG, ADAM12, PIGF
and MAP in control and preeclampsia groups.
Screening test Detection rate (95% confidence interval) for fixed FPR

EO-PE LO-PE

Alln=68 with SGA infantn=13 All n=99 with SGA infantn =49

5% 10% 5% 10% 5% 10% 5% 10%
Maternal characteristics 40 (29-52) 56 (44-67) 39 (18-65) 69 (42-87) 22 (16-32) 31 (23-41) 27 (16-30) 41 (28-55)
PAPP-A 12 (6-22) 19 (12-31) 31 (13-58) 46 (23-71) 8 (4-15) 14 (9-22) 8 (3-19) 16 (9-29)
Free f-hCG 7 (3-16) 21 (13-32) 8 (2-34) 15 (4-43) 6 (3-13) 14 (9-22) 4 (1-14) 12 (6-24)
ADAM12 13 (7-23) 16 (9-27) 25 (9-54) 33 (14-61) 11 (6-18) 18 (12-27) 10 (5-22) 17 (9-30)
PIGF 17 (10-29) 25 (16-38) 25 (9-54) 33 (14-61) 15 (9-24) 25 (17-35) 23 (14-37) 36 (24-51)
MAP 31 (21-44) 40 (28-53) 15 (5-43) 31 (13-58) 27 (19-37) 31 (22-41) 19 (10-34) 19 (10-34)
PAPP-A and PIGF 17 (10-29) 32 (22-45) 33 (14-61) 42 (19-68) 18 (11-27) 24 (17-34) 28 (17-42) 36 (24-51)
PAPPA, ADAM12 and PIGF 20 (12-32) 31 (20-43) 42 (19-68) 42 (19-68) 19 (12-28) 30 (21-40) 28 (17-42) 40 (28-55)
Maternal characteristics plus
PAPP-A 47 (36-59) 62 (50-72) 69 (42-87) 69 (42-87) 23 (16-32) 34 (26-44) 29 (18-42) 41 (28-55)
ADAM12 40 (29-52) 60 (48-71) 58 (32-81) 75 (46-91) 19 (12-28) 31 (22-40) 21 (12-34) 38 (25-52)
PIGF 51 (38-63) 58 (45-69) 67 (39-86) 75 (46-91) 22 (15-32)  35(26-45) 34 (22-48) 53 (39-67)
MAP 50 (37-62) 64 (51-75) 39 (18-65) 62 (35-82) 27 (19-37) 45 (35-55) 24 (13-40) 41 (26-57)
Maternal characteristics plus combination of markers
MAP and PAPP-A 53 (41-66) 71 (58-81) 69 (42-87) 69 (42-87) 32 (23-42) 46 (36-56) 32 (20-49) 41 (26-57)
MAP and PIGF 54 (40-67) 68 (54-79) 67 (39-86) 75 (46-91) 35 (25-46) 56 (45-66) 46 (30-62) 63 (46-77)
MAP, PAPP-A and PIGF 54 (40-67) 70 (57-81) 50 (25-75) 83 (55-95) 38 (28-49) 52 (41-63) 49 (33-65) 60 (43-74)
MAP, PAPPA, ADAM12 and PIGF 56 (42-69) 72 (59-83) 67 (39-86) 92 (64-98) 40 (30-51) 49 (38-60) 49 (33-65) 57 (41-72)
FPR: false positive rate; PAPP-A: Pregnancy-Associated Plasma Protein-A; f3-hCG: free f~human Chorionic Gonadotropin; ADAM12: A Disintegrin And Metalloprotease
12; PIGF: Placental Growth Factor; MAP: Mean Arterial Pressure; EO-PE: early-onset preeclampsia; LO-PE: late-onset preeclampsia; SGA: small-for-gestational age.
doi:10.1371/journal.pone.0063546.t004
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Figure 2. Receiver operating characteristic curves (ROCs) with prediction models for a) EO-PE, b) EO-PE with SGA, c) LO-PE, d) LO-
PE with SGA. (- - - -) Prior risk of preeclampsia containing maternal characteristics, ( ) prior risk for preeclampsia combined with all markers:
Pregnancy-Associated Plasma Protein-A (PAPP-A), A Disintegrin And Metalloproteinase 12 (ADAM12), Placental Growth Factor (PIGF) and Mean

Arterial Pressure (MAP).
doi:10.1371/journal.pone.0063546.9002

inter-assay coeflicients of validation for the assays were below 5%

at all levels. Due to insufficient

stored serum, ADAMI2

measurements were not available for 9 controls and 9 cases and

PIGF measurements for 12 controls and 14 cases.

Statistical Analysis

The comparison between PE groups (EO-PE and LO-PE) and
controls was made by chi-square test for categorical variables and
Mann Whitney-U test for continuous variables, both with post hoc

PLOS ONE | www.plosone.org

Bonferroni correction. The Bonferroni correction was applied to
counteract the use of multiple comparisons. Therefore the critical
statistical significance was set at p<0.0167.

The following steps described previously by Akolekar et al. were
undertaken to develop the models for prior risk for EO-PE and
LO-PE based on maternal characteristics [1]. 1) The association of
various variables (height [19 mean imputations], logarithmically
transformed weight [one mean imputation], nulliparity, age, and
smoking status with EO-PE and LO-PE was evaluated to establish

May 2013 | Volume 8 | Issue 5 | e63546



whether this was a linear or non-linear relationship. If necessary,
variables were logarithmically transformed to provide normal
distributions. 2) Univariate analysis was done to explore whether
the individual maternal characteristics contributed significantly to
EO-PE and LO-PE by assessing their odds ratios (ORs) and 95%
confidence intervals (CI). 3) Logistic regression analysis with
backward stepwise elimination of variables was used to develop the
prior risk models for EO-PE and LO-PE. 4) Shrinkage factors
(applied to all the parameters in the models to adjust for

overfitting) were calculated using the equation [x*—(degrees of

freedom—1)]/x* where x” is the model chi-square derived from the
log-likelihood statistic. 5) The patient-specific risks for EO-PE and
LO-PE were calculated using formula: odds/(1+ odds), where
odds=exp(Y) and Y was derived from the logistic regression
analysis.

Serum marker levels and MAP were expressed as multiples of
the gestation-specific normal medians (MoMs). Normal medians
were obtained by regression analysis of the median concentra-
tion for each completed gestational week in controls, weighted
for the number of women tested. If MoMs were significantly
correlated with maternal weight (PAPP-A, f3-hCG, ADAMI12
and MAP), the observed MoM value was divided by the
expected value for the maternal weight based on regression
analysis in the controls. When MoMs were significantly different
between smoking and non-smoking women a correction factor
for smoking was applied (PIGF). The distributions of serum
marker MoMs and MAP MoMs were made Gaussian by
logarithmical transformation (log). Likelihood ratio’s (LR) were
calculated for all markers and subsequently multiplied with the
prior risk for EO-PE and LO-PE to calculate posterior risks.
Clorrelation coeflicients for the markers were calculated using
the log;( (all serum markers) and normal (MAP) concentrations/
values and gestation, after excluding outliers exceeding 3
standard deviations from the median.

The posterior risks for EO-PE and LO-PE were calculated using
different combinations of variables: (1) prior risks based on
maternal characteristics, serum markers, and MAP separately, (2)
prior risks combined with serum markers or MAP, and (3) prior
risk combined with serum markers and MAP. The distributions of
the prior and posterior risks were then used to calculate detection
rates (DR) and false positive rates (FPRs) at different risk cut-offs
by receiver operating characteristic (ROC) curves analysis.
Moreover, the EO-PE and LO-PE models were used for
prediction of PE cases complicated by SGA (EO-PE with SGA
and LO-PE with SGA).

Statistical analyses were performed using SPSS (release 20.0;
Chicago, IL) and SAS software package (release 9.2; SAS Institute,
Cary, NC, USA).

Results

Baseline characteristics of the study population are shown in
Table 1. Women who developed PE had higher BMI (EO-PE
p<<0.0001; LO-PE p=0.005), were more often smokers (EO-PE
p=0.008), and more often had a history of hypertensive
pregnancy disorders compared to controls (EO-PE p=0.009;
LO-PE p<0.0001). Furthermore, there were more nulliparous
women among the cases (both EO-PE and LO-PE p<<0.0001).

Multiple regression analysis in the control group resulted in the
following median equations for placental marker and MAP:

Log;o expected PAPP-A =(0.52405+0.03234 xGA at sampling
in days)/(—0.19564+76.2423/maternal weight in kg).

Log)o expected {B-hCG =(2.64423—-0.01236 xGA at sampling
in days)/(0.2947—0.00429 xmaternal weight in kg).

PLOS ONE | www.plosone.org
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Logyp expected PIGF=(0.4999+0.0118 xGA at sampling in
days)/1.33 [if smoking]; or (0.4999+0.0118 xGA at sampling in
days)/0.991 [if no smoking].

Logo expected ADAMI12 =(—493.422+10.6898 xGA at sam-
pling in days)/(0.29637—0.00442 xmaternal weight in kg).

Expected MAP =101.052—1321.65/maternal weight in kg.

Table 2 shows the distribution of median MoM values of all
markers in controls and PE groups (with and without SGA). In
case of EO-PE, PIGF MoM was significantly lower (0.94 MoM,
p=0.014) and MAP was significantly higher (1.04 MoM,
p<<0.0001) compared to controls. Lower PIGF MoM and higher
MAP MoM were also found in LO-PE pregnancies, however the
difference in PIGF MoM did not reach statistical significance
(MAP —1.05 MoM, p<0.0001; PIGF —0.90, p = 0.024). In EO-PE
pregnancies complicated by SGA there was a clear tendency for all
serum markers to be even more reduced. MAP was again
statistically significantly increased in the EO-PE SGA group as
compared to controls (1.04 MoM, p=0.01).

We studied the distribution of all markers throughout the first-
trimester. The difference in median MoM PIGF between both PE
groups and controls appeared to be more distinctive =11 weeks of
gestation (Figure I). Corresponding median MoM values of PIGF
=11 weeks were substantially lower: 0.77 (p<<0.0001) and 0.89
(p=0.005) for EO-PE and LO-PE, respectively. This trend was
only found for PIGF, since there were no differences in the MoM
distributions of the other markers (data not shown).

Patient specific prior risks for EO-PE and LO-PE (with and
without SGA) were based on maternal age, weight, height, parity,
and smoking status (7able 3). The shrinkage coefficients for EO-PE
and LO-PE models were both 0.94. The analysis resulted in the
following equations:

Prior risk EO-PE=—6.790-0.119 xmaternal height (cm)
+4.8565 xLn maternal weight +1.845 xnulliparity [1] +0.086 xma-
ternal age (years) +1.353 xsmoking [1].

Prior risk LO-PE=—14.374+2.300xLn maternal
+1.303 xnulliparity [1] +0.068 xmaternal age (years).

Model-predicted detection rates for EO-PE and LO-PE (with or
without SGA), for fixed false positive rates are shown in Table 4.
The detection rates based on maternal characteristics only were
56% and 31% for EO-PE and LO-PE, respectively. The best
predictive model contained the combination of markers: maternal
characteristics, MAP, PAPP-A, ADAMI12 and PIGF (EO-PE:
DR=72% for 10% false positive rate, area under the curve
[AUC] =0.88). The DRs for SGA groups were even more
pronounced, particularly in case of EO-PE. The highest DR
(92%) for EO-PE with SGA was obtained by the same
combination of markers: maternal characteristics, MAP, PAPP-
A, ADAM12 and PIGF, AUC =0.95 (Figure 2).

weight

Discussion

This large retrospective study, showed that serum markers,
combined with maternal characteristics such as age, weight,
height, nulliparity, smoking status and first-trimester MAP, are a
powerful tool to predict PE in the first-trimester. Prediction was
better for EO-PE than for LO-PE and for PE complicated by SGA
(both early and late).

In 2010 we reported on the results of a combination of three
placenta derived serum markers (PAPP-A, PIGF and PP13) and
calculated a detection rate for EO-PE of 55% at 10% FPR [11]. In
the present study inclusion of maternal characteristics and first-
trimester MAP resulted in a higher detection rate (72%), which is
in line with other publications [3;16]. This seems logical given the
different pathways that may result in PE. Serum markers are
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related to placentation, MAP is related to the maternal vascular
adaptation and maternal characteristics determine the susceptibil-
ity of the mother [7;8;17;18].

In the current study the DR of the combined placental markers
for EO-PE was lower than in our previous study (31% and 55% at
10% FPR, respectively). This might be due to differences in the
laboratory assays (ADAM12 and PIGF) and to the absence of the
marker PP13, which is commercially unavailable at this moment.

PIGF is a placenta derived pro-angiogenic factor and its
concentrations increase throughout pregnancy [19;20]. In preg-
nancies destined to develop PE, concentrations of PIGF are
significantly lower compared to healthy controls [11;19;21]. We
found that <11* weeks of GA MoM values of PE cases were
comparable to MoM values of controls. Starting from 117 weeks
onwards, MoM values of PIGF appeared to be significantly lower
in PE cases, more dominantly in EO-PE than in LO-PE cases. A
systematic literature search resulted in eight studies in which PIGF
was measured in the first-trimester of pregnancy [1;11-13;21-24].
Six out of the ecight studies measured PIGF from 11*° weeks
onwards and median MoM values in EO-PE cases varied between
0.59 and 0.69 [1;12;13;21;22;24]. In the other two studies
measurements were carried out from 8" weeks onwards. The
median MoM values in case of EO-PE in these two studies were
0.73 and 0.86, respectively [11;23]. Based on these publications
and on our data it has to be concluded that signs of impaired
placentation should be investigated after 11 weeks GA. We are
currently conducting a study to investigate the longitudinal course
of several placenta derived serum markers during the first-
trimester [20]. Results from this study might provide more insight
in the predictive value of PIGF throughout the first-trimester.

Maternal characteristics based on routine medical information
were the most informative predictors for EO-PE. For LO-PE
maternal characteristics, MAP and serum markers were of equal
importance. These data are in agreement with those of Poon et al
[13]. Others, however, have found that maternal characteristics
were better in case of LO-PE [25]. In our analysis we found that
maternal smoking was independently associated with EO-PE. This
was an unexpected and most likely a chance finding, given the
literature on a possible preventive effect of smoking on PE [26—
28].

Identification of PE with SGA was better than for PE without
SGA, both for EO-PE and LO-PE. This was due to a better
predictive value of both maternal characteristics and serum
makers, but not of MAP. The relationship of SGA with serum
markers seems logical given the fact that these markers are related
to early placentation. Also in our previous study in EO-PE we
found lower placental markers in PE complicated by SGA [11].
Surprisingly, placental serum markers of the 10% of SGA infants
in the control group were similar to those of appropriate-for-
gestational age infants (data not shown). This implies that SGA
with PE after 34 weeks constitutes a different entity, with signs of
impaired early placentation, although not as evident as SGA with
EO-PE. In this context it is important to note that late PE
consisted of women delivered after 34 weeks and PE at 34-37
weeks is still related to SGA, although less than at earlier gestation
[29-31]. SGA at term, in the absence of PE, is apparently not
related to early-impaired placental development.

First-trimester MAP appears to be one of the most important
predictors of PE. A considerable shortcoming of our study may be
the fact that this parameter, as the rest of maternal characteristics,
was derived from the medical records at the hospitals and
midwifery practices in the retrospective manner. However, in the
Netherlands blood pressure in pregnancy is measured following
the standard method described in the guidelines for gynaecologists
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and midwives. Therefore we strongly believe that MAP provided
here is enough accurate to be able to draw the conclusions from.
Standard use of accurate automatic devices might increase its
prognostic value in the future.

In this study we did not measure first-trimester uterine artery
Doppler. Uterine artery Doppler is known to be one of the best
first-trimester PE markers [3]. Addition of this marker to our
prediction model may well increase the detection of PE even more.
However, uterine artery Doppler measurements should preferably
be measured between 11 and 13 weeks of GA and women in the
Netherlands do not routinely receive an ultrasound examination at
that time. However, we have shown that even without the
measurement of uterine artery Doppler detection rates for PE are
quite high. The addition of more placenta derived serum markers,
such as PP13, may also increase detection rates [3;20].

Currently there is emerging evidence that early risk assessment
for PE could play an important role in the prevention of PE and
subsequent adverse pregnancy outcome. Low-dose aspirin is
thought to improve the placental vasculature and therefore reduce
the risk for PE. A recent meta-analysis has shown that the
prophylactic use of aspirin, started before 16 weeks of GA, may
reduce the risk of EO-PE up to 50% and even 90% in case of
severe PE, with a 55% reduction in early fetal growth restriction
[9;10;32]. Limited data on LO-PE have not (yet) shown beneficial
effects of aspirin, emphasizing differences in actiology [5;7;33].
Early identification of PE may also prove useful in differentiation
prenatal care, with increased surveillance in high risk women and
less intensive surveillance in low-risk women.

In conclusion, we developed a prediction model of PE using a
combination of placenta derived markers PAPP-A; ADAM12 and
PIGF and first-trimester MAP and maternal characteristic.
External validation of this model is needed to confirm that it is
a powerful tool for the early prediction of women at risk to develop
PE, in particular to predict cases of EO-PE complicated by SGA.
Addition of first-trimester uterine Doppler is likely to further
improve the model.
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