Pregnancy Hypertension 18 (2019) 58-62

Contents lists available at ScienceDirect

Pregnancy Hypertension

journal homepage: www.elsevier.com/locate/preghy

Association between first trimester plasma htral level and subsequent
preeclampsia: A possible early marker?

Check for
updates

=

Rosaria Gesuita™', Caterina Licini™', Elena Picchiassi®, Federica Tarquini®, Giuliana Coata®,
Sonia Fantone®, Giovanni Tossetta®, Andrea Ciavattini?, Mario Castellucci®, Gian Carlo Di Renzo°,
Stefano R. Giannubilo®', Daniela Marzioni”*"

2 Centre of Epidemiology and Biostatistics, Universita Politecnica delle Marche, 60126 Ancona, Italy

Y Department of Experimental and Clinical Medicine, Universita Politecnica delle Marche, 60126 Ancona, Italy

¢ Department of Biomedical and Surgical Science, Clinic of Obstetrics and Gynecology, University of Perugia, 06123 Perugia, Italy
d Department of Clinical Sciences, Universita Politecnica delle Marche, Salesi Hospital, 60123 Ancona, ITtaly

ARTICLE INFO ABSTRACT

Keywords:
Preeclampsia

Introduction: Preeclampsia (PE) is associated with risk of maternal and fetal mortality and morbidity. Several
promising predictors of PE have been identified, but early pregnancy screening for PE remains insufficient, and
HtrAl randomized controlled trials that used biomarkers to identify high-risk women have been disappointed. Our aim
Elisa is to identify a possible early marker of PE.

Methods: 158 women attending a routine antenatal care visit were recruited from 2014 to 2016 and pro-
spectively followed until delivery (14 of whom had a diagnosis of PE). We have tested the plasma concentration
of High temperature requirement factor A1 (HtrAl) at 12 weeks of gestation by ELISA technique in order to
identify women at risk for developing PE. A multiple logistic regression analysis was used to estimate the in-
dependent effect of women’ characteristics on the probability of developing PE. Likelihood ratio test and
Hosmer-Lemeshow test were used to select the most parsimonious model and to evaluate the model’s goodness of
fit. Predictiveness of preeclampsia was estimated by ROC curve.

Results: PE cases had significantly higher BMI, before and after pregnancy, shorter gestational age at delivery
and higher HtrAlvalues than healthy women. In addition, higher HtrAl values in the first trimester maternal
plasma, BMI before pregnancy and gestational age at delivery are significantly associated with subsequent de-
velopment of PE. ROC curve showed a good accuracy in predicting preeclampsia, with an AUC of 0.83.
Conclusions: These results suggest the HtrA1 as early predictive marker of PE having a strong clinical relevance
for disease prevention.

1. Introduction ultrasonography and maternal serum/urinary levels of human chor-
ionic gonadotropin, inhibin A, activin A, pregnancy associated plasma
protein A, sex hormone-binding globulin, placental growth factor, so-

luble fms-like tyrosine kinase 1 and serum placental protein 13 (PP13)

Preeclampsia (PE) is clinically defined for new onset hypertension
(blood pressure = 140/90mm Hg) and substantial proteinuria

(=300 mg in 24 h) after the 20th week of gestation [1,2]. PE, affecting
2-8% of pregnancies, is associated with risk of maternal and fetal
mortality and morbidity [3]. Early prediction of women at risk for PE
would make it possible to institute preventative measures and offer
appropriate surveillance [4]. Prevention strategies such as aspirin [5]
have shown some benefit, but are reserved for those women at highest
risk, who developed PE in a previous pregnancy. Several promising
predictors of PE have been identified, including uterine artery

[6-9]. Nonetheless, early pregnancy screening for PE remains in-
sufficient, and randomized controlled trials that used biomarkers to
identify high-risk women have been disappointing perhaps because the
sensitivity of most of these markers is high in the second trimester, long
after the placental dysfunction that culminates in clinical disease.
HtrAl, a member of the family of HtrAl proteins, is a secreted
multi-domain protein with serine protease activity. It is characterized
by the presence of a trypsin-like serine protease domain and one PDZ
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domain. It also contains an IGFBP/mac25 like domain and a kazal-type
inhibitor domain at the N-terminus, a signal sequence for secretion
[10,11] and it is involved in the physiological development of many
organs [12-14], as well as in development and progression of several
pathologies, including neoplastic and degenerative diseases [15,16].
HtrA1 is expressed in placental tissue during gestation suggesting a role
in placental development [17]. In addition, placental HtrAl expression
increases from the first to the third trimester of pregnancy [14] and
HtrAl autocatalytic form is abnormally elevated in preeclamptic pla-
centas [18] as well as HtrA1l mRNA four-fold increases compared to
controls [19]. HtrAl protein has also been reported to be elevated in
plasma of patients with PE [20].

The purpose of this study was to determine whether the first-tri-
mester plasma concentration of HtrAlcould be used to identify women
at risk for developing PE during first trimester gestation.

2. Materials and methods
2.1. Patients

This is an observational prospective cohort study of healthy preg-
nant women at 11 weeks + 0 days— 13 weeks + 6 days of gestation.
Women attending a routine antenatal care visit at Department of
Obstetrics and Gynaecology of Hospital ‘S. Maria della Misericordia’
(Perugia, Italy), were recruited from 2014 to 2016 and prospectively
followed until delivery.

Eligible subjects were all pregnant women following the inclusion
criteria of the study: maternal age between 18 and 45 years; singleton
pregnancy; no genetic diseases (e.g. aneuploidies) and those who signed
the informed consent. Exclusion criteria were: multiparity, multiple
gestation, a history of hypertension, renal disease, cardiac disease,
diabetes mellitus, thyroid and immunologic diseases and congenital or
acquired thrombophilia.

At the first visit, the gestational age was calculated from the last
menstrual period and confirmed by ultrasound crown-rump-length
measurement; a maternal venous blood sample was collected.

Baseline demographics, medical history including obstetric history,
current and before pregnancy habits (smoking, eating, physical ac-
tivity) were collected through an interview and anthropometric char-
acteristics were taken (Body Mass Index — BMI). Anthropometric and
clinical features were monitored during gestation.

PE was defined as two readings of blood pressure =140/90 mmHg
at least 4 h apart, and proteinuria = 300 mg in 24 h, or two readings of
at least + 2 on dipstick analysis of midstream or catheter urine speci-
mens if no 24-h urine collection was available [3].

Data of pregnancy outcome (fetal gender, birth weight and newborn
health) were collected after birth. Stillbirths and presence of chromo-
somal and other fetal anomalies were excluded.

The study was approved by the Institutional Ethics Committee of
University of Perugia and informed consent was obtained from each
recruited woman.

2.2. Plasma collection and HtrA1 ELISA

Blood samples were obtained by Vacutainer™ venipuncture of the
median cubital vein after overnight fasting. Plasma samples were pre-
pared from a fresh EDTA venous blood centrifuged at 1500 x g for
15 min at 4 °C. Plasma was then aliquoted and stored at —80 °C until
use. We have previously tested a good stability of HtrA1l protein at this
temperature in plasma samples [20]. Plasma HtrAl concentration was
measured using commercial ELISA kit (USCN Life Science Inc., Wuhan,
P.R. China). The minimum detectable dose of HtrAl is less than
13.5pg/ml as described in the instruction manual of over-mentioned
ELISA kit. In addition, intra-assay and inter-assay CV% are minor of
10% and 12% respectively. The measurements were conducted in du-
plicate, according to the manufacturer’s recommended protocol. One
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hundred pl of plasma samples were used for each well. Internal negative
and positive quality controls were supplied with the kit. Total proteins
were used to normalize the expression data.

2.3. Statistical analysis

A non-parametric approach was used since variables had a no-
normal distribution, when evaluated with the Shapiro test. Quantitative
variables were summarized using median and interquartile range (IR,
1st-3rd quartiles), respectively as measure of centrality and variability;
qualitative variables were expressed as absolute and percent fre-
quencies. Comparisons between groups were evaluated using Wilcoxon
rank sum test and Fisher exact test. Htral levels were analyzed after log
transformation.

A multiple logistic regression analysis was used to estimate the in-
dependent effect of women’ characteristics on the probability of de-
veloping PE. All estimates were obtained calculating 95% Confidence
Intervals (95%CI). Likelihood ratio (LR) test and Hosmer-Lemeshow
test were used to select the most parsimonious model and to evaluate
the model’s goodness of fit. The accuracy of the model in predicting
preeclampsia was analyzed using the ROC curve, the Area Under Curve
and 95% CIs. ROC curve was estimated including the variables having a
p-value lower than 0.1 at the logistic regression analysis.

The R statistical program was used for the analyses and a prob-
ability of 0.05 was set as the threshold for statistical significance.

3. Results

Overall, 158 women were recruited in this study, 14 (8.9%) of
whom had a diagnosis of PE at delivery. Women’s characteristics ac-
cording to health status are shown in Fig. 1 and Table 1. Healthy
women and PE cases were found not significantly different with regards
to age at pregnancy, BMI variation after pregnancy (Fig. 1), smoking,
nutritional habits, physical activity and caesarian delivery (Table 1). PE
cases had significantly higher BMI, before and after pregnancy, shorter
gestational age at delivery and higher log HtrA1l than healthy women
(Fig. 1). No significant difference was found in newborns’ birth weight
and Apgar Score (Fig. 1). Among women with preeclampsia only a
newborn suffered from jaundice, no other immediate neonatal com-
plications were observed. Fourteen newborns affected of immediate
neonatal complications were observed among healthy women, i.e. 7
jaundices, 3 sepsis, 3 congenital organ defects (2 kidneys, 1 genital), 1
hyperglycemia.

Table 2 shows the results of the multiple logistic regression analysis.
PE was significantly associated with log HtrAl values, BMI before
pregnancy and gestational age at delivery. In particular, the probability
of developing PE increased about 90% for every added unit of log HtrAl
and about 10% for every added unit of BMI, while decreased of about
37% for every week added of gestational age at delivery. The ROC
curve (Fig. 2) showed that the model had a good accuracy in predicting
preeclampsia, with an AUC equal to 0.83 (95%CI: 0.74-0.92).

4. Discussion

HtrAl is a secreted protein [3,21] and placental secretion of HtrAl
is expected to be present in the blood vessel of pregnant women. As
previously demonstrated, HtrAl is localized mainly in the villous cy-
totrophoblast in the first trimester of gestation, in the entire trophoblast
(syncytium and villous cytotrophoblast) in the second trimester and
mainly in the syncytium at term [17]. HtrAl levels increase, from first
to third trimester of gestation, in maternal plasma of normal gestation
[20], and abnormal elevation of HtrAl has been repeatedly observed in
the serum of patients with PE at delivery [18,21].

The results of our study show that higher HtrAl values in the first
trimester maternal plasma are significantly associated with subsequent
development of PE. Our model has a good accuracy in predicting
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Fig. 1. Demographic and clinical characteristics of the population considered in the study according to its health status. The box blots show the results concerning
maternal age, BMI before and after pregnancy, absolute BMI change after pregnancy, maternal gestational age at delivery, logHtrA1, birth weight and APGAR index.
PE cases showed significantly higher BMI, before and after pregnancy, shorter gestational age at delivery and higher log HtrAl than healthy women. No significant
difference was found in newborns’ birth weight and Apgar Score. p-values refer to Wilcoxon rank sum test.
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Table 1
Women’s habits and clinical characteristics according to their health status.

Healthy women Women with Preeclampsia

Variables n =144 n=14 p

Smoking (yes) 27 (18.8) 0 (0) 0.130
Low/poor nutrition 32 (22.2) 5(35.7) 0.319
Physical activity (yes) 97 (67.4) 9 (64.9) 0.775
Caesarean delivery 34 (23.6) 5 (35.7) 0.336

Values are absolute and percent frequencies; p-values Fisher exact test

Table 2
Effect estimate of factors associated to Preeclampsia. Results of the multiple
logistic regression analysis.

OR 95% CI P
log HtrA1l 1.90 1.12; 3.40 0.021
Woman's age (years) 1.05 0.92; 1.22 0.462
BMI before pregnancy (kg/m?) 1.10 1.00; 1.20 0.044
Gestational age at delivery (weeks) 0.67 0.45; 1.01 0.049
Nutrition (good vs poor/low) 0.84 0.23; 3.40 0.794
Physical activity (yes vs no) 1.54 0.44; 6.10 0.514

Hosmer and Lemeshow goodness of fit test: Chi-square with 8 df, x° = 6.04,
p = 0.642
LR test: Chi-square with 6df, x* = 17.55, p = 0.007.

ROC curve for the predictiveness of preeclampsia

1.0
0.8
0.6
L
n
0.4
0.2 AUC=0.83
95%Cl: 0.74-0.92
0.0
T T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-SP

Fig. 2. ROC curve for the predictiveness of preeclampsia. ROC curve was es-
timated including in the model logHtrA1l, BMI before pregnancy, Gestation at
delivery (variables with p value < 0.10). SE: Sensitivity; SP: Specificity; Grey
area identifies 95% confidence interval of ROC. AUC: Area Under Curve;
95%CIL: 95% Confidence Interval.

preeclampsia showing a ROC curve with an AUC equal to 0.83. In the
mouse HtrA1l is localized in the endometrium and placenta from the
first trimester of pregnancy [22] and high levels are present in decidua
capsularis, compared to ectoplacental cone, suggesting a role in the
regulation of trophoblast migration and invasion [23]. In humans, it has
been demonstrated that HtrAl is localized in the extravillous cyto-
trophoblastic cells of cell columns of first trimester placenta that are the
structures involved in the invasion of the uterine wall during the pla-
cental development and remodeling [17].

The physiopathological bases of PE originate during the first
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trimester of pregnancy when extravillous cytotrophoblast fails to adopt
an invasive phenotype [24] causing an inadequate invasion and adap-
tation of uterine spiral arteries leading finally to an ischemia-reperfu-
sion injury in the placenta [25]. In this view it has been demonstrated
that, in pathological conditions, less invasive cytotrophoblast expresses
highest levels of HtrAl, whereas more invasive extravillous cyto-
trophoblast expresses lower levels of HtrAl [17].

Although at the moment, we cannot determine if the abnormal
elevation of HtrAl in first-trimester of pregnancies may be the cause or
the outcome of a stress response imposed by PE, our hypothesis is that
the damaged placental tissues could release this protein in maternal
blood during the development of the placenta itself.

The main strengths of our study are the prospective design and the
enrolment of healthy women at their first pregnancy. In this way, we
could control the effects of those biases related to preexisting diseases
and conditions known to be risk factors for PE.

A limitation of the study may be the small number of women with
PE, that nevertheless respect the incidence of PE reported in scientific
literature [26]. PE is a not common condition that requires a very long
study period for enrolling and following a higher number of women
involving healthcare and technical professionals.

In conclusion, we showed an independent significant effect of HtrA1
maternal plasma evaluated in the first-trimester of pregnancy on the
risk of developing PE. These results may have a strong clinical re-
levance, also in terms of disease prevention and save resources in public
health, since HtrAl could be tested by ELISA that is a simple and low-
cost essay, which could be easily included in clinical practice.
Moreover, as recently reported, low-dose aspirin treatment before the
16th weeks of gestation reduces the risk of developing PE [27]. In ad-
dition, early detection and treatment of PE could avoid the worst ma-
ternal and fetal outcomes, reducing the social, economic and healthcare
impacts caused by this pathology [28].

A multicenter larger study should be performed to analyze the
predictive ability of plasma HtrAl, also in combination with other
clinical characteristics, biochemical or biophysical markers.

5. Sources of funding
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
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References
[1]1 ACOG Committee on Obstetric Practice, Practice bulletin #33: diagnosis and
management of preeclampsia and eclampsia, Obstet. Gynecol. 99 (1) (2002 Jan 1)
159-167.
[2] B. Sibai, G. Dekker, M. Kupferminc, Pre-eclampsia, The Lancet. 365 (9461) (2005)
785-799.
[3] L. Ghulmiyyah, B. Sibai, Maternal mortality from preeclampsia/eclampsia, Semin.

Perinatol. 36 (2012) 56-59.

E. Bujold, S. Roberge, Y. Lacasse, M. Bureau, F. Audibert, S. Marcoux, J.C. Forest,
Y. Giguere, Prevention of preeclampsia and intrauterine growth restriction with
aspirin started in early pregnancy: a meta-analysis, Obstet. Gynecol. 116 (2010)
402-414.

S. Roberge, K.H. Nicolaides, S. Demers, P. Villa, E. Bujold, Prevention of perinatal
death and adverse perinatal outcome using low-dose aspirin: a meta-analysis,
Ultrasound Obstet. Gynecol. 41 (2013) 491-499.

1. Chafetz, I. Kuhnreich, M. Sammar, Y. Tal, Y. Gibor, H. Meiri, H. Cuckle, M. Wolf,
First-trimester placental protein 13 screening for preeclampsia and intrauterine
growth restriction, Am. J. Obstet. Gynecol. 197 (35) (2007) el-e7.

K. Spencer, C.K. Yu, N.J. Cowans, C. Otigbah, K.H. Nicolaides, Prediction of preg-
nancy complications by first-trimester maternal serum PAPP-A and free Beta-hCG
and with second-trimester uterine artery Doppler, Prenat. Diagn. 25 (2005)

[4]

[5]

[6]

[71


https://doi.org/10.1016/j.preghy.2019.08.005
https://doi.org/10.1016/j.preghy.2019.08.005
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0005
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0005
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0005
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0010
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0010
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0015
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0015
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0020
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0020
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0020
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0020
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0025
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0025
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0025
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0030
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0030
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0030
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0035
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0035
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0035

R. Gesuita, et al.

[8]

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

949-953.

R.J. Levine, R. Thadhani, C. Qian, et al., Urinary placental growth factor and risk of
preeclampsia, JAMA 293 (2005) 77-85.

L. Dugoff, J.C. Hobbins, F.D. Malone, et al., Firsttrimester maternal serum PAPP-A
and free beta subunit human chorionic gonadotropin concentrations and nuchal
translucency are associated with obstetric complications: a population-based
screening study (the FASTER Trial), for the FASTER Trial Research Consortium,
Am. J. Obstet. Gynecol. 191 (2004) 1446-1451.

T. Clausen, C. Southan, M. Ehrmann, The HtrA family of proteases: implications for
protein composition and cell fate, Mol. Cell 10 (2002) 443-455.

J. Chien, G. Aletti, A. Baldi, V. Catalano, P. Muretto, G.L. Keeney, et al., Serine
protease HtrAl modulates chemotherapy-induced cytotoxicity, J. Clin. Invest. 116
(2006) 1994-2004.

A. De Luca, M. De Falco, A. Severino, M. Campioni, D. Santini, F. Baldi, M.G. Paggi,
A. Baldi, Distribution of the serine protease HtrAl in normal human tissues, J.
Histochem. Cytochem. 51 (2003) 1279-1284.

G.-Y. Nie, Y. Li, H. Minoura, L. Batten, G.T. Ooi, J.K. Findlay, L.A. Salamonsen, A
novel serine protease of the mammalian HtrA family is up-regulated in mouse
uterus coinciding with placentation, Mol. Hum. Reprod. 279-90 (2003).

A. De Luca, M. De Falco, V. Fedele, L. Cobellis, A. Mastrogiacomo, V. Laforgia,
L.L. Tuduce, M. Campioni, D. Giraldi, M.G. Paggi, A. Baldi, The serine protease
HtrA1l is upregulated in the human placenta during pregnancy, J. Histochem.
Cytochem. 52 (2004) 885-892.

A. Baldi, A. De Luca, M. Morini, T. Battista, A. Felsani, F. Baldi, C. Catricala,

A. Amantea, D.M. Noonan, A. Albini, P.G. Natali, D. Lombardi, M.G. Paggi, The
HtrA1 serine protease is down-regulated during human melanoma progression and
represses growth of metastatic melanoma cells, Oncogene 21 (2002) 6684-6688.
S. Grau, P.J. Richards, B. Kerr, C. Hughes, B. Caterson, A.S. Williams, U. Junker,
S.A. Jones, T. Clausen, M. Ehrmann, The role of human HtrA1 in arthritic disease, J.
Biol. Chem. 281 (2006) 6124-6129.

D. Marzioni, A. Quaranta, T. Lorenzi, M. Morroni, C. Crescimanno, M. De Nictolis,
P. Toti, G. Muzzonigro, A. Baldi, A. De Luca, M. Castellucci, Expression pattern
alterations of the serine protease HtrA1l in normal human placental tissues and in

62

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

Pregnancy Hypertension 18 (2019) 58-62

gestational trophoblastic diseases, Histol. Histopathol. 24 (2009) 1213-1222.

A. Inagaki, H. Nishizawa, S. Ota, M. Suzuki, H. Inuzuka, H. Miyamura, T. Sekiya,
H. Kurahashi, Y. Udagawa, Upregulation of HtrA4 in the placentas of patients with
severe pre-eclampsia, Placenta 33 (2012) 919-926.

J.H. Kang, H. Song, J.A. Yoon, D.Y. Park, S.H. Kim, K.J. Lee, A. Farina, Y.K. Cho,
Y.N. Kim, S.W. Park, G.J. Kim, S.H. Shim, D.H. Cha, Preeclampsia leads to dysre-
gulation of various signaling pathways in placenta, J. Hypertens. 29 (2011)
928-936.

D. Marzioni, T. Lorenzi, E. Altobelli, S.R. Giannubilo, F. Paolinelli, C. Tersigni,

C. Crescimanno, V. Monsurro, A.L. Tranquilli, N. Di Simone, M. Castellucci,
Alterations of maternal plasma HTRA1 level in preeclampsia complicated by IUGR,
Placenta 33 (2012) 1036-1038.

L. Zong, L. Wang, P. Huang, W. Shao, Y. Song, W. Gou, High temperature re-
quirement Al in placental tissues and serum from pre-eclamptic pregnancies with
or without fetal growth restriction, Arch. Med. Sci. 9 (2013) 690-696.

G. Nie, K. Hale, Y. Li, U. Manuelpillai, E.M. Wallace, L.A. Salamonsen, Distinct
expression and localization of serine protease HtrA1l in human endometrium and
first-trimester placenta, Dev. Dyn. 235 (2006) 3448-3455.

G. Nie, Y. Li, L.A. Salamonsen, Serine protease HtrAl is developmentally regulated
in trophoblast and uterine decidual cells during placental formation in the mouse,
Dev. Dyn. 233 (2005) 1102-1109.

Y. Zhou, C.H. Damsky, S.J. Fisher, Preeclampsia is associated with failure of human
cytotrophoblasts to mimic a vascular adhesion phenotype. One cause of defective
endovascular invasion in this syndrome? J. Clin. Invest. 99 (1997) 2152e64.

G.J. Burton, A.W. Woods, E. Jauniaux, J.C. Kingdom, Rheological and physiological
consequences of conversion of the maternal spiral arteries for uteroplacental blood
flow during human pregnancy, Placenta 30 (2009) 473e82.

L. Duley, The global impact of pre-eclampsia and eclampsia, Semin. Perinatol. 33
(2009) 130-137.

D.L. Rolnik, D. Wright, L.C. Poon, et al., Aspirin versus placebo in pregnancies at
high risk for preterm preeclampsia, N. Engl. J. Med. 377 (2017) 613-622.

R. Li, E.Z. Tsigas, W.M. Callaghan, Health and economic burden of preeclampsia: no
time for complacency, Am. J. Obstet. Gynecol. 217 (2017) 235-236.


http://refhub.elsevier.com/S2210-7789(19)30036-4/h0035
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0040
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0040
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0045
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0045
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0045
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0045
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0045
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0050
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0050
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0055
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0055
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0055
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0060
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0060
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0060
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0065
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0065
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0065
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0070
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0070
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0070
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0070
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0075
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0075
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0075
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0075
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0080
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0080
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0080
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0085
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0085
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0085
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0085
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0090
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0090
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0090
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0095
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0095
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0095
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0095
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0100
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0100
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0100
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0100
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0115
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0115
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0115
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0120
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0120
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0120
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0125
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0125
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0125
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0130
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0130
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0130
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0135
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0135
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0135
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0145
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0145
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0140
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0140
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0150
http://refhub.elsevier.com/S2210-7789(19)30036-4/h0150

	Association between first trimester plasma htra1 level and subsequent preeclampsia: A possible early marker?
	Introduction
	Materials and methods
	Patients
	Plasma collection and HtrA1 ELISA
	Statistical analysis

	Results
	Discussion
	Sources of funding
	Supplementary data
	References




