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ARTICLE INFO ABSTRACT

Keywords: Introduction: Preeclampsia affects 3-5% of pregnancies worldwide and is the primary cause of maternal-fetal

Preeclampsia and neonatal mortality. Previous studies show that alterations in maternal concentrations of angiogenic factors,

Predictors such as PIGF, PDGF AA, ANG-1, and ANG-2, may play fundamental roles in the pathophysiology of the disease.

PIG; AA Objective: Determine whether the PIGF, PDGF AA, ANG-1, and ANG-2 are predictors of preeclampsia occurrence

PDGF in a prenatal cohort study.

ANG-1 . S . . . .

ANG-2 Patients and methods: This is a case-control study associated with a prospective cohort of pregnant women, with
~ ~ estational ages between 20 and 25 weeks, composed of 30 pregnant women with preeclampsia (PE) and 90

ANG-1/ANG-2 & 8 g

Cohort healthy pregnant women (HP). The plasma concentrations of the markers were determined using the ELISA

method. The comparison between the case and control groups was performed using the t test on the SAS® 9.4
software. Also, ROC curves were constructed to evaluate the predictive potential of the biomarkers.

Results: Differences in the concentrations of PIGF, PDGF AA, ANG-1 and ANG-2, and the ANG-1/ANG-2 ratio
were not observed between the PE and the HP groups. The predictive capacity of the biomarkers was assessed
using ROC curves, in which the area under the curve for PIGF AUC = 0.55; PDGF AA AUC = 0.55; ANG-1
AUC = 0.47; ANG-2 AUC = 0.51, and the ANG-1/ANG-2 ratio AUC = 0.57.

Conclusion: In pregnant women, with gestational ages between 20 and 25 weeks significant differences in bio-
marker concentrations between groups PE and HP were not observed. The ROC curves showed that the bio-
markers were ineffective as preeclampsia predictors in the analyzed cohort.

1. Introduction The PIGF is significantly expressed in the placenta at all stages of

pregnancy, controlling trophoblast growth and differentiation, thus

Preeclampsia affects 3-5% of pregnancies worldwide and is the
main cause of maternal-fetal and neonatal mortality, especially in
middle- and low-income countries [1]. Research on markers capable of
predicting the occurrence of the disease have become more numerous,
given these tests would allow the identification of risk patients, thus
enabling prophylactic interventions [2].

Angiogenic imbalance contributes to the development of pre-
eclampsia, in addition to restricting fetal growth. Thus, pro-angiogenic
molecules such as PIGF (placental growth factor), PDGF-AA (platelet-
derived growth factor AA), ANG-1 (angiopoietin-1), and ANG-2 (an-
giopoietin-2) target biomarkers for early disease detection [3-5].

demonstrating the importance of this protein during trophoblast inva-
sion in maternal decidua [6].

PDGF-AA is a potent growth factor for cells of mesenchymal origin
and has the ability to stimulate cell circulation by chemotaxis. The
protein is considered of extreme importance in angiogenesis, both
during normal and abnormal processes, as in the case of embryonic
development, cicatrization of tissue lesions, and tissue fibrosis [7-10].

ANG-1 promotes endothelial cell reorganization and maintains the
structural integrity of blood vessels. It also inhibits vascular endothelial
barrier activation and reduces leakage and migration of leukocytes to
tissues induced by inflammatory agents [11,12].
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The essential function of ANG-2 is as an ANG-1 antagonist, as well
as cleaving bonds between the endothelium and perivascular cells,
promoting cellular death and vascular regression. In addition to fos-
tering the development of vessels, angiopoietins also trigger stimuli for
trophoblast growth and remodeling during placentation [12,13].

Although the pathophysiology of preeclampsia is not fully under-
stood, studies have shown the involvement of several biomarkers in this
process, including PIGF, PDGF-AA, ANG-1, and ANG-2. Knowledge of
how these possible biomarkers act is of paramount importance, espe-
cially at the beginning of gestation, since they can be used to predict
and prevent hypertensive disorder in high-risk pregnant women.
Moreover, they are useful for risk stratification to provide adequate
care for pregnant women, especially if the results are extended to dis-
tant regions that lack adequate treatment centers.

Thus, the aim of the present study was to determine whether the
pro-angiogenic serum factors PIGF, PDGF-AA, ANG-1, and ANG-2 are
optimal predictors and possible biomarkers for the occurrence of pre-
eclampsia in pregnant women in a prenatal cohort study.

2. Material and methods
2.1. Patients

The present assessment is linked to a prospective cohort conducted
in two Brazilian cities: The Brazilian Ribeirdo Preto and Sao Luis pre-
natal Cohort the Brazilian Ribeirdo Preto and Sao Luis Birth Cohort
(BRISA). However, only the data collected in the city of Ribeirdo Preto
were used.

In Ribeirdo Preto, a total of 1400 pregnant women between 20 and
25 weeks of gestation were evaluated at the Clinical Hospital Ribeirdo
Preto Medical School, University of Sdo Paulo. at the time of recruit-
ment, 430 delivered in out-of-institution units and 30 pregnant women
it was not possible to obtain the data of the childbirth. Of the remaining
940 pregnant women, 30 developed preeclampsia (cases) and 651
performed the delivery at a reference center of low-risk gestation, 90
healthy pregnant women were selected through random matching for
the control group.

All participants signed an informed consent form, and the study was
approved by the Ethics Committee of the Ribeirdo Preto School of
Medicine (Reference number 4116/2008), according to the Helsinki
Declaration.

After the recruitment between 20 and 25 weeks of gestation, the
first Doppler ultrasonography and the collection of blood were per-
formed. The maternal venous blood samples were collected in
Vacutainer® tubes (Becton-Dickinson, Sdo Paulo, Brazil) containing
EDTA. After collection, the samples were centrifuged at 3200 rpm for
10 min at room temperature, isolating the plasma, which was stored at
—80 °C until further analysis.

Blood pressure, laboratory test results (proteinuria, creatinine, he-
mogram, ALT, and AST), ultrasounds, and information on the devel-
opment of symptoms, such as the recent onset of cerebral or visual
disorders and pulmonary edema were employed to confirm the diag-
nosis.

All information used to confirm the diagnosis of preeclampsia was
obtained from the subsequent analysis of medical records of pregnant
women. The gestational age of the preeclampsia diagnoses was on
average 35.9 weeks or approximately 12 weeks after sample collection.
Of the 30 pregnant women analyzed, 8 had a confirmed diagnosis be-
fore 34 weeks (average and standard deviation of gestational age
29.87 + 2.59) and 22 after 34 weeks (average and standard deviation
of gestational age 37.95 = 1.50).

Preeclampsia was defined according to the guidelines of the
International Society for the Study of Hypertension in Pregnancy
(ISSHP) [14], and the severity of the disease was classified in ac-
cordance with the American College of Gynecology and Obstetrics [15],
by the presence of one or more of the following factors: systolic blood
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pressure = 160 mmHg or diastolic blood pressure = 110 mmHg, mea-
sured on two occasions within 4h or more, while the patient is bed-
ridden; thrombocytopenia (platelet count < 100,000/mL); hepatic
insufficiency, indicated by abnormally high blood levels of liver en-
zymes (twice the normal concentration); progressive renal insufficiency
(serum creatinine > 1.1 mg/dL or a 2x increase in concentration in the
absence of another kidney disease); recent onset of cerebral or visual
disturbances, and pulmonary edema.

2.2. Marker quantification

Biomarker quantification was performed on the human plasma
using Quantikine® kits (R&D Systems, Minneapolis, MN - PIGF: cat.
DPGO0; PDGF AA: cat. DAAOOB; ANG-1: cat. DANG10) by the ELISA
(Enzyme-Linked Immunosorbent Assay) method, according to the
manufacturer's instructions. Also, ANG-2 quantification was conducted
using the Invitrogen™ kit (cat. KHC1641; Thermo Fisher Scientific).

The ultrasounds were performed according to the criteria described
by Groom [16], using Voluson 730 Expert model (General Electric
Healthcare, Zipf, Austria) and Philips HDI 11 model (Philips, California,
USA) equipment, with a two-dimensional convex probe, at a frequency
of 2-5 MHz. The images were documented and archived on their own
hard drives.

2.3. Statistical analysis

Data are presented as means and standard deviations. The com-
parison between the case and control groups was performed con-
sidering the t test for independent samples and all the data presented
the normal distribution. In all the tests, a probability value of P < 0.05
was considered significant. The SAS version 9.4 program was used in
the statistical analyzes described above.

The ROC curve was used to verify whether biomarkers are good
predictors of preeclampsia. The pROC package already implemented in
program R version 3.3.3 was used to construct the prediction curves, to
estimate the area on the curve, followed by the respective 95% con-
fidence intervals and to estimate the posttest power of the prediction
curves.

3. Results

The present study evaluated 30 pregnant women with preeclampsia
(PE) and 90 healthy pregnant women (HP). Regarding ethnicity, in the
HP group, 47% were white, 36% brown, and 17% black; and in the PE
group, 56.7% were white, 36.7% brown, and 6.6% black. When ana-
lyzing the type of delivery performed, in the HP group, 72% had normal
parturition, 19% underwent a cesarean section, and 9% required the
use of forceps; and in the PE group, 33.3% were normal, 60% cesarean
section, and 6.7% forceps.

Some of the clinical and laboratory characteristics of the pregnant
women at the time when PE was diagnosed are shown in Table 1.

A summary of the clinical characteristics of the 120 pregnant
women selected for this study is shown in Table 2, of which 90 con-
sisted of healthy pregnant women, and 30 had preeclampsia.

When comparing the HP and PE groups, differences in age,
Gestational Age at 1st ultrasonography (GA 1st US), BMI and pulse were
not observed. Although the blood pressure levels were related to the
time of recruitment, that is, before the women developed the disease,
the mean systolic arterial pressure (MSAP), mean diastolic arterial
pressure (MDAP) and mean arterial pressure (MAP) in the PE group
were higher when compared to the HP group (P = 0.001, P < 0.001
and P < 0.001 respectively).

The plasma concentrations of PIGF, PDGF-AA, ANG-1, ANG-2, and
the ANG-1/ANG-2 ratio in the HP and PE groups are listed in Table 3.
Differences between the concentrations of the assessed biomarkers in
the HP and the PE group were not verified (P = 0.907; P = 0.174;
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Table 1
Clinical and laboratory characteristics of the pregnant women at
the time of preeclampsia diagnosis.

Parameters Group PE (n = 30)
Age (years) 28.0 = 5.7
Smoker (%) 16.7

BMI (Kg/m?) 30.8 + 5.84
MSAP (mmHg) 141.1 = 16.7
MDAP (mmHg) 82.69 + 15.2
MAP (mmHg) 111.9 = 14.9
HR (beats/min) 81.3 = 17.7
Glycemia (mg/dL) 98.38 + 36.38
Hb (g/dL) 11.5 £ 1.5
Hct (%) 355 = 4.3
GPT (U/L) 26.4 + 38.2
GOT (U/L) 19.6 = 10.5
Platelets (mm®) 220.6 * 65.3
Creatinine (mmol/L) 0.73 = 0.17
Proteinuria (mg/24 h) 288.4 + 559.7
GA (weeks) 359 = 3.8

PE, preeclampsia; BMI, Body mass index (kg/mz); MSAP, Mean
Systolic Arterial Pressure (mmHg); MDAP, Mean Diastolic Arterial
Pressure (mmHg); MAP, Mean Arterial Pressure (mmHg); HR,
Heart Rate (beats/minute); Hb, hemoglobin (g/dL); Hct, hemato-
crit (%); GPT, glutamic-pyruvic transaminase (U/L); GOT, glu-
tamic-oxaloacetic transaminase (U/L); GA, gestational age of
childbirth (weeks). Values expressed as means + MSD.

Table 2
Clinical characteristics at time of recruitment of the healthy pregnant women
and those that developed preeclampsia.

Parameters HP (n = 90) PE (n = 30) P-value
Age (years) 26.17 = 5.88 28.43 + 5.79 0.069
GA 1st USR (Weeks) 23.47 + 11.47 23.42 + 9.01 0.888
BMI 28.25 + 5.29 30.53 + 5.85 0.052
MSAP 108.41 =+ 11.93 116.87 + 11.67 0.001
MDAP 65.94 + 7.73 73.75 + 8.80 < 0.001
MAP 87.30 + 9.15 95.31 + 9.66 < 0.001
PULSE 80.45 + 10.42 78.57 + 9.79 0.428
RUAPI 0.82 + 0.33 1.03 = 0.55 0.012
LUAPI 0.84 + 0.42 1.06 = 0.44 0.015
MPIUA 0.83 = 0.31 1.05 = 0.4 0.003

HP, healthy pregnant women; PE, preeclampsia; BMI, body mass index (kg/m?);
MSAP, mean systolic arterial pressure (mmHg); MDAP, mean diastolic arterial
pressure (mmHg); MAP, mean arterial pressure; GA 1st US R, gestational age at
the first ultrasound at recruitment; RUAPI, right uterine artery pulsatility index;
LUAPI, left uterine artery pulsatility index; MPIUA, mean pulsatility index of
the uterine arteries (right and left). Values expressed as means *= MSD. P-value
according to the t test for independent samples.

Table 3
Plasma concentrations of PIGF, PDGF-AA, ANG-1, ANG-2 and ANG-1/ANG-2
Ratio in HP x PE.

Biomarkers HP (n = 90) PE (n = 30) P-value
PLGF (pg/ml) 526.86 = 302.58 518.55 * 419.62 0.907
451.6 (298.4; 632.2) 413.9 (201.9; 805.4)
PDGF-AA (pg/ 337.8 = 305.1 257.6 + 167.7 0.174
ml) 243.3 (154.9; 393.2) 413.9 (201.9; 805.4)
ANG-1 (pg/ml) 4929.3 + 4831.9 3700.5 + 2441.4 0.185
3395.2 (2028.2; 3634.0 (1456.7; 5159.3)
5415.2)
ANG-2 (pg/ml) 9570.4 + 5227.1 10197.6 + 5888.8 0.583
8596.9 8799.1 (6821.8;
(6017.0;12130.1) 12176.4)
ANG-1/ANG-2 0.71 = 0.83 0.45 = 0.43 0.107
Ratio 0.38 (0.21; 0.88) 0.33 (0.19; 0.49)

HP, healthy pregnant women; PE, preeclampsia. Values expressed as

+

means

according to the t test for independent samples.

standard deviation, and median (1st quartile; 3rd quartile). P-value
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Graph 1. PIGF ROC curve.

P = 0.185; P = 0.583, and P = 0.107, respectively).

In order to assess the acuity of PIGF, PDGF-AA, ANG-1, ANG-2, and
the ANG1/ANG2 ratio as predictors for the development of pre-
eclampsia, ROC curves were constructed. According to the ROC curve, a
marker is considered a good predictor when the area under the curve is
close to 1, indicating that it is highly sensitive and specific.

In this study, the area under the ROC curve of PIGF was 0.55
(0.41:0.70) (Graph 1). The same was observed regarding the area under
curves of PDGF-AA AUC (0.55; 0.43:0.67) (Graph 2), the ANG-1 AUC
(0.47; 0.34:0.59) (Graph 3), the ANG-2 AUC (0.51; 0.39:0.63) (Graph
4), and the ANG-1/ANG-2 ratio (0.57; 0.46:0.68) (Graph 5). These re-
sults suggest that none of the analyzed biomarkers have the power to
predict preeclampsia development in our samples.
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Graph 2. PDGF AA ROC curve.
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Graph 3. ANG-1 ROC curve.
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The Doppler was not the primary objective of the present study,
however, these data were collected and used as secondary results.

The women with preeclampsia had a more significant Right Uterine
Artery Pulsatility Index (RUAPI), Left Uterine Artery Pulsatility Index
(LUAPI) and Mean Pulsatility Index of the Uterine Arteries (right and
left) (MPIUA) (P = 0.012, P = 0.015 and P = 0.003) when compared to
health pregnant women, data are shown in Table 2.

ROC curve analyses were also conducted to evaluate the predictive
power of the right and left uterine artery pulsatility indices (RUAPI and
LUAPI) (Graph 6 and 7, respectively) and the mean pulsatility index of
the uterine arteries (right and left) (MPIUA) (Graph 8).
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Graph 6. RUAPI ROC curve.

4. Discussion

The identification of biomarkers capable of predicting preeclampsia
is critical, given it allows the stratification of high-risk pregnant women
and their referral to appropriate treatment centers, thus reducing neo-
natal morbidity and maternal and fetal mortality [17-19].

In the present study, the pregnant women who developed pre-
eclampsia exhibited higher systolic, diastolic, and mean arterial pres-
sure at the first prenatal visit, where the mean gestational age was
23 weeks, that is, before developing the disease. As expected, during
gestation, blood pressure levels continued to rise in pregnant women
who developed preeclampsia, corroborating the study by Rana et al.
(2007), in which the women who developed PE showed more elevated
blood pressure levels when compared with healthy pregnant women
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when analyzed between 11 and 13 weeks and 17-20 weeks of gestation
[20].

In the present study, the concentrations of PIGF in the second ge-
stational trimester (20-25 weeks) were analyzed. When comparing the
healthy pregnant women with those who developed preeclampsia,
differences in PIGF concentrations were not observed in our sample.
Additionally, when analyzing the ROC curve for PIGF, the biomarker
was verified as not being a good predictor of the disease in the studied
groups.

When assessing the accuracy of PIGF in predicting preeclampsia in
the second gestational trimester (17 weeks), Lim et al. (2008) described
results that contrasted with those in this study. Their data showed that
the concentration of PIGF was lower in the PE group when compared
with healthy pregnant women [26]. The ROC curve analysis shows that,
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in the present sample, this marker does not retain good predictive
power. In the study by Lim et al. (2008), the ROC curve for the sFlit-1/
PIGF ratio was analyzed, and it was verified that the ratio has sub-
stantial predictive power for preeclampsia. Nevertheless, the ROC curve
for PIGF was not analyzed separately [21].

Villa et al. (2013) evaluated the concentrations of sFlt-1, PIGF, and
the sFlt-1/PIGF ratio for the prediction of early- and late-onset pre-
eclampsia in a high-risk cohort. In the assessment, serum samples were
evaluated at 12, 14, 18, 20, 26, and 28 weeks of gestation. Their results
showed that low concentrations of PIGF and the highest sFlt-1/PIGF
ratio between 26 and 28 weeks of pregnancy may predict early-onset
preeclampsia [22].

When analyzing the plasma concentrations of PDGF-AA, differences
between the studied groups were not observed. Few studies have ana-
lyzed PDGF-AA concentrations in pregnant women with preeclampsia,
and those who did so utilized other methodologies and in women with
distinct gestational ages than those evaluated in the present study.

Using immunohistochemistry, Zhang et al. (2009) and Gurski et al.
(1999) analyzed pregnant women with preeclampsia in the third tri-
mester of gestation. The authors verified high PDGF-AA expression in
placental tissue when compared to the placentas of normotensive
pregnant women [23,24].

The increase in PDGF-AA concentrations can be justified by the fact
that, in preeclampsia, placental tissue undergoes reduced perfusion and
hypoxia, thus recruiting PDGF-AA into the physiological mechanism of
tissue repair [25-29].

Given ANG-1, ANG-2, and the ANG-1/ANG-2 ratio exert essential
roles in the growth and development of the placental vascular system,
their concentrations were evaluated in pregnant women that were
healthy and who exhibited preeclampsia. When comparing the bio-
marker concentrations in the groups, statistical differences were not
verified between them in our samples.

Different results were observed in a study conducted by Schneuer
et al. (2014), in which ANG-2 concentrations were lower in patients
with preeclampsia when compared with healthy pregnant women. Note
should be given since their study was performed on a larger sample, the
assessed populations were comprised of distinct ethnicities, and the
analysis was conducted in serum, in contrast with the present study,
which evaluated the plasma. Regardless of the different aspects of both
assessments, the researchers also observed that ANG-1 and ANG-2 were
not good predictors of the disease [30].

In a study by Hirokoshi et al. (2005), in which only ANG-2 was
analyzed, the authors observed that its concentrations were sig-
nificantly lower in pregnant women with preeclampsia than in healthy
women. The material used for biomarker dosage was serum, in a po-
pulation quite distinct from Brazilians [31].

When analyzing the ratio between ANG-1/ANG-2 in the present
study, statistical differences between the groups were not observed.
Nonetheless, in the prospective study conducted by Bolin et al. (2009),
the authors verified that the median of the ANG-1/ANG-2 ratio, at 25
and 28 weeks of gestation, was higher in the HP group than in the PE
group. These results indicate that the ANG-1/ANG-2 ratio might be a
good biomarker for the prediction of late-onset preeclampsia [32].

In the study carried out by Han et al. (2012), the authors evaluated
ANG-1 and ANG-2, comparing normotensive pregnant women with
pregnant women with severe preeclampsia, in the third trimester of
gestation. The researchers verified that ANG-2 concentrations were
higher in the PE group than in the HP group. When analyzing ANG-1
concentrations, statistical differences were not observed between the
groups [33].

In another study conducted by Leinonen et al. (2010), the authors
monitored ANG-1 and ANG-2 levels between the 12th and 20th week of
gestation. They noted that the concentrations decreased gradually
throughout pregnancy, both in healthy pregnant women and those with
preeclampsia. However, ANG-2 levels were higher in pregnant women
with preeclampsia, which was possibly due to the action of angiogenic
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factors, such as VEGF (induces the release of Tie-2 into the blood-
stream), which binds circulating ANG-2, regulating its activity [34].

Many of the studies that analyzed possible markers for the predic-
tion of preeclampsia present different results, and in all of them a very
important point that must be considered is the gestational age at which
these biomarkers were analyzed, our data were collected from pregnant
women between 20 and 25 weeks of gestation who subsequently de-
veloped pre-eclampsia. The interval between collection of samples and
development of the disease was approximately 12 weeks and although
the literature shows that some markers may present altered several
weeks before the clinical onset of the disease, they also show that
changes in angiogenic factor levels with advancing gestation may be
more predictive of preeclampsia than levels at any single timepoint
[35].

When we consider gestational age as an important factor in the
study of biomarkers in the prediction of preeclampsia, we can infer that
in our sample (pregnant women between 20 and 25 weeks gestation)
these markers did not prove to be good predictors for the disease,
however, the literature shows that when they are analyzed at different
gestational ages they are reliable tools for the prediction of pre-
eclampsia.

The patients who developed preeclampsia exhibited alterations in
the right uterine artery pulsatility index, left uterine artery pulsatility
index and this has remained on mean pulsatility index of the uterine
arteries when comparing HP vs. PE, indicating greater resistance to the
uterine flow at the beginning of gestation and before the establishment
of the disease.

Espinoza et al. (2007) evaluated the relationship between the
Doppler of the uterine arteries and the concentrations of PIGF and sFlt-
1. The authors noted that the combination of abnormal Doppler indices
and plasma concentrations of PIGF between 22 and 26 weeks indicated
high risks of developing preeclampsia and severe preeclampsia [36].

The literature contains several prospective studies that investigate
the role of angiogenic factors in high-risk pregnant women identified by
abnormal Doppler of the uterine artery. The combination between the
use of ultrasound at the beginning of the second trimester (including
measures of pulsatility index) and the determination of pro-angiogenic
and anti-angiogenic factors considerably improved the predictive value
of the ultrasound alone [36-39].

Research on biomarkers capable of predicting preeclampsia are of
paramount importance, given they allow not only the identification of
high-risk pregnant women but also the early referral of patients to
appropriate treatment centers, thus reducing maternal and fetal mor-
bidity and mortality. In a country such as Brazil, which has continental
dimensions and where great discrepancies between small localities and
large centers of reference are notable, this early and directed diagnosis
would be decisive for treatment success.

This study presents some limitations, the fact that Cohort (BRISA)
was designed to evaluate prematurity and performed a single sample
collection of pregnant women between 20 and 25 weeks of gestation.
Thus, the assessment of the predictive accuracy of biomarkers to pre-
dictive preeclampsia was restricted to this gestational age.

Another limitation was the difficulty of access to the medical re-
cords of the cohort participants, which comprised the determining
factor for the selection of cases only of pregnant women who gave birth
at the Clinical Hospital of Ribeirdo Preto, the regional reference center
in high-risk gestation, and the controls at the Maternity Center of the
Women's Health Reference Center of Ribeirdo Preto - Mater.

Moreover, after the statistics analyze was observed that the test
power of the prediction curves of all biomarkers were less than 30%.

The present study is noteworthy given it constitutes the first in
Brazil to evaluate PIGF, PDGF-AA, ANG-1, and ANG-2 regarding their
power in predicting preeclampsia. It also comprises an indention from a
prospective cohort with 1417 Brazilian women.
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5. Conclusion

The present study did not show a significant difference in the
plasma concentrations of the analyzed biomarkers between the HP and
PE groups. The same was observed with ANG-1/ANG-2 ratio. The ROC
curves indicated that the assessed biomarkers were not effective as
predictors of preeclampsia in the analyzed sample which was composed
of pregnant women between 20 and 25 weeks of gestation who subse-
quently developed preeclampsia.
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