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Abstract

Introduction: Pre-eclampsia (PE) is characterized by new-onset hypertension and proteinuria. Damage of podocyte cells has been
reported in pre-eclamptic women, thus podocyte specific proteins such as nephrin and podocalyxin could be useful biomarkers in PE.

Aim: To investigate the role of urinary nephrin (u-nephrin) and urinary podocalyxin (u-PDX) levels in predicting PE in women with
a high-risk pregnancy.

Materials and methods: We included 101 pregnant women in this study and allocated them into three groups: group 1 included
pregnant women at high risk of developing PE (n=41), group 2 - pregnant women with PE (n=30), and group 3 was the controls includ-
ing healthy pregnant women (n=30). The inclusion criteria for women with PE were de novo hypertension >140/90 mm Hg, proteinuria
>300 mg/24 hours, and presence of edema after 20 weeks of gestation, while the exclusion criteria were a history of renal diseases and
pregnant women younger than 18. Inclusion criteria for the group of women with a high-risk pregnancy was gestational week >15, a
history of PE in a previous pregnancy, pre-existing diabetes type 1 or 2, pre-existing hypertension, multiple gestations, prior placental
abruption, obesity women, nulliparity, maternal age >35 years, and a family history of PE. The study was conducted from March 2016
to May 2017 in the Medical Faculty at the Institute of Medical and Experimental Biochemistry in Skopje. Urine samples were used to
measure the nephrin and podocalyxin levels using immunoenzyme assay, creatinine and microalbumin. Blood samples were collected
for biochemical analyses.

Results: U-nephrin levels were elevated in 96.7% of women with PE, and 73% of women with a high-risk pregnancy. U-PDX levels
were elevated in 63% of the women with PE and 100% of the women with a high-risk pregnancy. U-nephrin and u-PDX levels were sig-
nificantly increased in women with a high-risk pregnancy and women with PE compared with a control group (p<0.001). A significant
difference was found between the subgroups of pregnant women classified according to gestational age in their u-nephrin and u-PDX
levels. There was a significant positive correlation between the levels of both markers and glomerular filtration rate, and significant
negative correlation between the levels of both markers and gestational age. ROC analysis revealed that the cut-off value of 304.6 ng/
ml of u-nephrin had a sensitivity (Se) of 96.7%, specificity (Sp) of 96.7% (for both Se and Sp 95% confidence interval (CI) 82.8-99.9),
while the cut-off value of 59.5 ng/ml of u-PDX had a sensitivity of 100% and Sp of 93.3% (Se - 95% CI 88.4-100, Sp - 95% CI 77.9-99.2),
in distinguishing women with PE and healthy pregnancies. Both markers showed excellent clinical utility (CUI>0.81), for u-nephrin
(CUI+ and CUI- is 0.934), for u-PDX (CUI+ is 0.938; CUI- is 0.933).

Conclusions: U-nephrin and U-PDX levels could be useful as predictors of PE in women with a high-risk pregnancy.
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INTRODUCTION

Pre-eclampsia (PE) is a leading cause of maternal and
perinatal morbidity and mortality worldwide, particu-
larly in low- and middle-income countries due to poor
antenatal care of pregnant women. Pre-eclampsia affects
2-8% of pregnancies, overall, 10-15% of all direct maternal
deaths are associated with PE in low and middle-income
countries.! In the past decade, the incidence of PE has in-
creased as aresult of the increased prevalence of predispos-
ing factors, namely maternal age, chronic hypertension, PE
in a previous pregnancy or a family history of PE, diabe-
tes, pre-pregnancy obesity, and multiple gestations.* PE is
defined as the presence of systolic blood pressure >140
mm Hg and/or diastolic blood pressure 290 mm Hg on
two occasions at least 4 hours apart in previously normo-
tensive women, and is accompanied by one or more of the
following new-onset conditions at or after 20 weeks of
gestation:

1. Proteinuria (=300 mg/24 hours; protein:creatinine
ratio of 230 mg/mol; or a urine dipstick protein of >2+);

2. Evidence of other maternal organ dysfunction,
including acute kidney injury (creatinine 290 pmol/L; 1
mg/dL); liver involvement (elevated transaminases, alanine
aminotransferase or aspartate aminotransferase >40 IU/L)
with or without right upper quadrant or epigastric abdomi-
nal pain; neurological complications (e.g. eclampsia, altered
mental status, blindness, stroke, clonus, severe headaches,
and persistent visual scotomata); or hematological compli-
cations (thrombocytopenia - platelet count <150 000/pL,
disseminated intravascular coagulation, hemolysis);

3. Uteroplacental dysfunction (such as intrauterine
growth restriction, abnormal umbilical artery Doppler
waveform analysis, or stillbirth).>

PE clinically has been recognized since the time of Hip-
pocrates, but the etiology and pathophysiology of this dis-
ease remains enigmatic.® PE is still a significant public health
threat, and the only effective treatment remains delivery of
the baby, by induction of labour or by prelabour cesarean
section (CS), but novel therapeutic strategies such as aspirin
and statins have been recommended as a preventive therapy
for preterm pre-eclampsia. Accordingly, early prediction of
PE in women with a high-risk pregnancy might prevent pro-
gression of disease and reduce maternal and fetal morbidity
and mortality. A high-risk pregnancy is defined by presence
of one or more of the following risk factors: a family history
of pre-eclampsia, nulliparity, multiple pregnancy, advanced
maternal age, in vitro fertilization, maternal comorbidities
such as diabetes mellitus, chronic hypertension, obesity,
chronic kidney disease, history of acute kidney injury or
systemic lupus erythematosus, previous placental abrup-
tion or intrauterine fetal growth restriction, trisomy 13, and
molar pregnancies.” PE screening should be performed in
the first trimester of pregnancy, including assessment of
risk for development of PE, measurement of blood pressure,
ultrasound Doppler of uterine arteries, and blood and urine
biochemical analysis.® Over the years, numerous stud-
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ies have attempted to define biomarkers for PE screening,
diagnosis, and treatment. A screening test need to be highly
sensitive and specific and must provide an adequate posi-
tive predictive value. Today, several potential biomarkers
have been described, alone or in combination, that might
meet these criteria such as increased levels of soluble fms-
like tyrosine kinase 1 (sFlt-1) and reduced levels of placental
growth factor (PIGF)*!0, serum alpha-fetoprotein (AFP)!},
reduced plasma levels of placental protein 13 (PP13) and
urinary glycosaminoglycans/proteoglycans (GAGs and
PGs)!213, low maternal serum levels of pregnancy-associ-
ated plasma protein-A (PAPP-A)', endoglin, cystatin C
and free fetal hemoglobin (HbF)'®, vascular endothelial
growth factor (VEGF), P-selectin, A disintegrin and metal-
loprotease 12 (ADAM12), Pentraxin 3 (PTX3)'¢, and kid-
ney markers!”. Although different biomarkers have been
described as promising screening tools of PE, data came
often with heterogeneous results, therefore, reliable bio-
markers for prediction of PE in women with high risk-preg-
nancy are required.

Endothelial dysfunction plays a major role in the
pathogenesis of PE, and multiorgan involvement includ-
ing kidneys.!® Recent data suggest that podocyte damage
has an important role to play in the renal involvement in
PE including structural damage of podocyte cells due to
increased oxidative stress'® dysregulation, and detachment
from the glomerular basement membrane (GBM) and their
shedding through urine - podocyturia.?’ Podocyturia had
a significantly greater sensitivity and specificity (100% Se
and 100% Sp) for the subsequent diagnosis of PE than any
single angiogenic marker, or a combination thereof, thus
podocyturia may allow prediction of PE in women with
high-risk pregnancy.!®*! Podocytes are terminally differen-
tiated visceral epithelial cells, which form the glomerular
filtration barrier together with the opposing fenestrated
endothelium in the vascular space and GBM in between.
Podocyte cells form the final barrier to plasma protein leak-
age. Nephrin as the main component of filtration slit-di-
aphragm forms a physical barrier, while podocalyxin as a
sialoglycoprotein forms an electrostatic barrier to plasma
proteins.?? Nephrin and podocalyxin appear in urine in the
early course of renal dysfunction in PE and may precede
the microalbuminuria rendering them as possible useful
predictive markers of PE. The most recent studies have
described the role of urinary nephrin and podocalyxin as
predictive biomarkers of PE.?*2¢ To our knowledge, simul-
taneous measurement of urinary nephrin (u-nephrin) and
urinary podocalyxin (u-PDX) in a pregnancy complicated
by PE, various high-risk pregnancies, and a healthy preg-
nancy has not been attempted.

AIM

This study aimed to evaluate the potential role of
u-nephrin and u-PDX in predicting PE in women with a
high-risk pregnancy.
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MATERIALS AND METHODS

In this cross-sectional study, a total of 101 pregnant wom-
en were included and classified into three groups: pregnant
women at high risk of developing pre-eclampsia (n=41),
pregnant women with pre-eclampsia (n=30), and healthy
pregnant women (n=30) as a control group. The study was
conducted from March 2016 to May 2017 in the Medical
Faculty at the Institute of Medical and Experimental Bio-
chemistry in Skopje, following the ethical principles of the
current Declaration of Helsinki, and approved by the Ethi-
cal Committee of the Faculty of Medicine in Skopje, North
Macedonia (No 03-5515/8 from 09.12.2015). Written
informed consent was obtained for each participant before
enrolment into the study. Women with PE were recruited
from the University Clinic of Gynecology and Obstetrics
at the Medical Faculty in Skopje. Inclusion criteria for this
group of women were de novo hypertension >140/90 mm
Hg, proteinuria >300 mg/24 hours, and presence of ede-
ma after 20 weeks of gestation.® This group consisted of 10
women in the second trimester (15-26 weeks of gestation)
and 20 women in the third trimester (27-38 weeks of ges-
tation) of pregnancy. Exclusion criteria were a history for
renal diseases and pregnant women younger than 18. The
women with PE were used to determine whether u-neph-
rin and u-PDX levels are elevated in all women with PE
and to test the diagnostic performance of u-nephrin and
u-PDX in women with PE. The women with a high-risk
pregnancy were selected from the University Clinic of
Gynecology and Obstetrics at the Medical Faculty in Sko-
pje, and from the Primary Health Care Offices in Sko-
pje, North Macedonia. Inclusion criteria for this group
of women were gestational week >15, a history of PE in a
previous pregnancy, pre-existing diabetes type 1 or 2 (di-
agnosed at least 20 weeks before pregnancy), pre-existing
hypertension (blood pressure >140/90 mm Hg detected at
least 20 weeks before pregnancy), multiple gestations, pri-
or placental abruption, obesity women (BMI >30 kg/m?),
nulliparity, maternal age >35 years, and a family history
of PE.?” This group consisted of 18 women in the second
trimester and 23 women in the third trimester of pregnan-
cy. The healthy controls were selected from the Primary
Health Care Offices and this group consisted of 15 preg-
nant women in the second and 15 pregnant women in the
third trimester of pregnancy. The control group consisted
of healthy pregnant women or women with low-risk preg-
nancy which means there were no active complications
and that there were no maternal or fetal factors that in-
creased the risk for complications.

As materials, we used the first midstream morning
urine and venous blood. Urine samples (10 ml) were col-
lected in plastic clean tubes, without preservatives. Blood
samples were collected in 1.5 ml Eppendorf tubes, and
centrifuged for 10 min at 3.000 rpm. First, a chemical
urinalysis was performed using dipsticks. Then, urinary
microalbumin was measured by the immunoturbidimet-
ric method while the urinary creatinine concentration

was measured by Jaffe’s reaction on biochemical analyzer
ChemWell (2910 Awareness Technology, Inc.). The residu-
al urine samples after centrifugation were stored at —80°C
for future measurement of the u-nephrin and u-PDX. Uri-
nary microalbumin-to-creatinine ratio (UM/CR) was de-
termined as the urinary microalbumin concentration di-
vided by the urinary creatinine concentration (mg/g). The
glomerular filtration rate (¢GFR) was estimated by the Co-
croft and Gault formula.?® U-nephrin and u-PDX were es-
timated using commercially available ELISA kits (Exocell
Inc., Philadelphia, PA). Urine samples were diluted with
dilution buffer provided by the ELISA kits, and samples
were measured in duplicate. The method for estimation of
u-nephrin and u-PDX was an indirect competitive ELISA,
wherein polyclonal antibodies against u-nephrin/u-PDX
were used. U-nephrin/u-PDX (antigens) and immobi-
lized nephrin/PDX antigens (at the bottom of polystyrene
plates) competed for anti-u-nephrin/anti-u-PDX rabbit
antibodies. Anti-rabbit horseradish peroxidase (HRP)
conjugate was used for detection of bounded antibodies.
Unbounded antibodies were removed by washing, and the
remaining bounded antibodies to immobilized u-neph-
rin/u-PDX antigens were measured photometrically at 450
nm wavelength. The intensity of the colour was inversely
proportional to the concentration of u-nephrin/u-PDX.
The concentration of u-nephrin/u-PDX was read from a
standard curve constructed using commercially available
standards. The values were expressed as ng/ml.

The blood samples were used for measurement of urea,
creatinine, glucose, total protein, and albumin. Biochemical
parameters were measured photometrically on biochemi-
cal analyzer ChemWell. Medical history and information
on age, height, weight, blood pressure, and glycaemic con-
trol were obtained by completing questionnaires adminis-
tered to the patients.

Statistical analysis

Statistical analyses were performed using the statistical
package SPSS, version 17.0 and MedCalc for Windows,
version 15.0 (MedCalc Software, Ostend, Belgium). Kolm-
ogorov-Smirnov test was first performed for assessing
whether data were normally distributed or not. All data
were not normally distributed, so we used non-paramet-
ric statistical tests, Kruskal-Wallis (one-way analysis of
variance, ANOVA) to compare the differences between
the groups in terms of clinical data between more than
two groups, and Mann-Whitney U test - to compare the
differences in the groups in terms of clinical data between
two groups. Data were expressed as mean + SD or median.
The association between u-nephrin and u-PDX, and eGFR
and gestational age were calculated by the Spearman rank-
order correlation. The diagnostic performance of u-neph-
rin and u-PDX in predicting PE was tested and compared
by receiver operative characteristic (ROC) analysis. Differ-
ences between groups were considered to be statistically
significant at p<0.05.
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RESULTS

Comparison of clinical and biochemical
data among groups of pregnant women

We compared the clinical and biochemical data of the
groups of pregnant women and found statistically signif-
icant differences between groups for the following data:
body mass index (BMI), blood glucose, UM/CR, systolic
blood pressure (SBP), diastolic blood pressure (DBP), albu-
min, blood urea, blood creatinine, u-nephrin, and u-PDX.
Regarding age, total proteins in serum, and eGFR we did
not found statistically significant differences between the
evaluated groups of pregnant women. Post-hoc analysis
showed statistically significant differences between women
with PE and women with a high-risk pregnancy in their
blood glucose (p=0.042), UM/CR (p=0.004), u-nephrin
(p<0.001), and u-PDX (p<0.001). The comparison of the
clinical and biochemical data of the groups of pregnant
women is shown in Table 1.

Comparison of the u-nephrin / u-PDX
levels of the groups of pregnant women

The level of u-nephrin was statistically significantly elevat-
ed in groups of women with PE and high-risk pregnancy
compared to healthy subjects (p<0.001). The results are
shown in Fig. 1. The level of u-PDX was statistically signifi-
cantly elevated in groups of women with PE and women
with a high-risk pregnancy compared to healthy subjects
(p<0.001). The results are shown in Fig. 2.

Urinary Nephrin and Podocalyxin in Pre-eclampsia

Comparison of the u-nephrin/u-PDX lev-
els of the subgroups of pregnant women
according to gestational age

We found statistically significant differences in the u-neph-
rin and u-PDX levels between women with PE and women
with a high-risk pregnancy in the second and third trimes-
ter (u-nephrin, p=0.016, u-PDX p=0.050).

Correlation between u-nephrin/u-PDX
levels and eGFR

The correlation between u-nephrin/u-PDX levels and
eGFR in groups of pregnant women was weak negative
and not statistically significant for u-nephrin (Spear-
man p=-0.152, p=0.129), and also for u-PDX (Spearman
p=-0.194, p=0.051).

Correlation between u-nephrin/u-PDX
levels and gestational age

We found a weak positive and statistically significant cor-
relation between u-nephrin levels and gestational age
(Spearman p=0.321, p=0.001), also between u-PDX levels
and gestational age (Spearman p=0.259, p=0.009).

Measures of diagnostic accuracy and
clinical utility of u-nephrin and u-PDX in
women with PE

Non-parametric ROC analysis was used to assess the diag-
nostic accuracy of u-nephrin and u-PDX and to calculate

Table 1. Comparison of clinical and biochemical data among groups of pregnant women

Pregnant women Women with a high-  Healthy pregnant Kruskal-Wallis

with PE risk pregnancy women

n=30 n=41 n=30 p value
Age (years) 27.7+4.7 29.14£5.6 29.4+6.0 0.376
BMI (kg/m?) 29.3+4.6 29.9+3.6 25.7+3.3 <0.001
Blood glucose (mmol/L) 5.240.5 59+1.2 4.6+0.5 <0.001
UM/CR (mg/g) 214.3+160.3 169.0+£271.7 15.8+11.0 <0.001
SBP (mm/Hg) 151.8+13.8 145.6£26.6 119+£5.4 <0.001
DBP (mm/Hg) 95.1+7.4 90.1£13 77.3£6.0 <0.001
Total proteins (g/L) 67.6+7.2 6946.2 68.3%5.5 0.562
Albumin (g/L) 34.2+5.1 35.4+4.7 39.1+4.1 0.001
Blood urea (mmol/L) 5.5+1.2 6.3+2.3 5.0+1.9 0.045
Blood creatinine (umol/L) 70.74£9.2 69.4+11.9 56.8+4.6 <0.001
eGFR (mL/min/1.73 m?) 91.3+15.1 97.5£26.9 95.5£9.6 0.372
u-nephrin (ng/ml) 1846.7+1248.2 455.94235.4 151.6+90.1 <0.001
u-PDX (ng/ml) 164.3+93.1 98.7£75.4 27.2+28.8 <0.001

Results are shown as mean + SD. BMI: body mass index; UM/CR: urinary microalbumin to creatinine ratio; SBP: systolic blood pressure;

DBP: diastolic blood pressure; eGFR: (estimated glomerular filtration rate); u-nephrin: urinary nephrin; u-PDX: urinary podocalyxin
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Figure 1. Levels of u-nephrin in groups of pregnant women.

Figure 2. Levels of u-PDX in groups of pregnant women.

the optimal cut-off value of u-nephrin and u-PDX with
maximum sensitivity and specificity for prediction of PE.
The optimal cut-oft value was obtained from the maximum
Youden Index (sensitivity + specificity — 1).2° The clinical
utility indexes (CUI+ and CUI-) for u-nephrin and u-PDX
were obtained using the Clinical Utility Index Calculator
(CUI+ CUI-) created by Dr Alex J. Mitchell.*° The results
are shown in Table 2 and Fig. 3.

Elevated u-nephrin and u-PDX levels in
groups of pregnant women

Using ROC analysis, we determined the optimal cut-oft for
u-nephrin (>304.6 ng/ml), and u-PDX (>59.5 ng/ml). The
u-nephrin level was higher than the cut-off value in 95% of
women with PE, and in 73% of women with a high-risk preg-
nancy, while u-PDX level was higher than the cut-off value
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in 100% of women with PE and in 63% of the women with a
high-risk pregnancy. The results are shown in Figs 4, 5.

DISCUSSION

Key findings of our study are high percentage of women
with a high-risk pregnancy and women with PE with ele-
vated levels of u-nephrin and u-PDX, statistically signifi-

Table 2. Diagnostic accuracy and clinical utility of u-nephrin
and u-PDX in women with PE

u-nephrin u-PDX
AUC 0.990 0.973
95% CI 0.922-1 0.895-0.998
Significance level p (Area=0.5) <0.0001 <0.0001
Youden index J 0.9333 0.9333
Cut-off value >304.6 >59.5
Sensitivity (%) 96.7 100
Specificity (%) 96.7 93.3
NPV (%) 96.7 100
PPV (%) 96.7 93.8
Diagnostic effectiveness (ac- 96.7 96.7
curacy) (%)
CUI (+) 0.934 0.938
CUI (-) 0.934 0.933

AUC: the area under the ROC curve; CI: confidence interval;
NPV: negative predictive value; PPV: positive predictive value;
CUL clinical utility index; u-nephrin: urinary nephrin; u-PDX:
urinary podocalyxin

Figure 3. ROC curve of u-nephrin and u-PDX in women with PE.

Urinary Nephrin and Podocalyxin in Pre-eclampsia

cant difference in the u-nephrin levels, respectively u-PDX
levels among studied groups of pregnant women and sub-
groups of pregnant women divided according to gestation-
al age, weak positive but significant correlation between
u-nephrin/u-PDX levels and gestational age, high diagnos-
tic sensitivity and specificity, and excellent clinical utility of
u-nephrin and u-PDX in prediction of PE. PE as second-
ary nephropathy includes podocyte damage which leads to
proteinuria, and the clinical diagnosis is established prin-
cipally on the basis of de novo hypertension and protein-
uria after 20 weeks’ gestation. Recent studies suggested that
podocyte shedding in the urine occur earlier than micro-
albuminuria and proteinuria, indicating that podocyturia
is an early sign for PE’!, and more sensitive and specific
marker than angiogenic markers'®, with a sensitivity and
specificity of 100% in early diagnosis of PE.2° Elevated
u-nephrin and u-PDX levels are associated with podocyte
damage in women with PE*>*2, hence, we aimed this study
to investigate the role of u-nephrin and u-PDX as predic-
tors of PE in women with a high-risk pregnancy.

The results of our study showed significant difference
in the u-nephrin and u-PDX levels between the groups of
pregnant women. It is particularly important that we found
a statistically significant difference in the u-nephrin and
u-PDX levels between women with high-risk pregnancy
and pregnant women with PE. Similar findings are pres-
ent in the study of Wang et al. wherein both u-nephrin and
u-PDX levels were significantly higher in the women with
PE compared to normal pregnancy group.? A significantly
higher u-PDX levels in women with PE were obtained in
another study.?® It is important to highlight that we found
elevated u-nephrin levels in 96% of women with PE, and
73% of women with a high-risk pregnancy, while u-PDX
was elevated in 100% of women with PE and 63.4% of
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Figure 4. Percentage of pregnant women with elevated u-nephrin level in studied groups.
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Figure 5. Percentage of pregnant women with elevated u-PDX level in studied groups.

women with a high risk of developing PE. Similar results
were demonstrated by another study'®, although measure-
ment of podocyte cell in urine was performed. Compari-
son of u-nephrin levels, respectively u-PDX levels, showed
significant differences among subgroups of pregnant wom-
en classified according to gestational age, these findings
are in line with another study wherein a significant rise of
u-nephrin levels compared to the controls was observed
in the third trimester of pregnancy in women who sub-
sequently developed PE.% Yung Y] et al. detected that the
more advanced the gestational age was, the higher were the
levels of u-nephrin.’> We observed weak positive but sig-
nificant correlation between u-nephrin levels, respectively
u-PDX levels, and gestational age. All these obtained results
indicate the significance of both markers in predicting PE
in women with a high-risk pregnancy.

Studies performed on normal pregnant women in all tri-

mesters have shown a progressive increase in GFR, while in
women with PE, a significant decline in GFR was observed.**
In our study, no significant correlation between u-nephrin
levels, respectively u-PDX levels and GFR was observed.
In the study of Amin et al. no significant correlation be-
tween eGFR and u-PDX was found.? The literature data on
correlation between u-nephrin levels and GFR are limited.

ROC analysis showed diagnostic accuracy of 96% of
u-nephrin, and 95% of u-PDX in women with PE. Both
markers have 100% accuracy in discriminating between
women with PE and healthy pregnant women. U-nephrin
had the highest accuracy in distinguishing PE from healthy
pregnancies with a cut-off value of 304.6 ng/ml, sensitivity
of 96.7%, specificity of 96.7%, while u-PDX had the high-
est accuracy in distinguishing PE from healthy pregnan-
cies with a cut-off value of 59.5 ng/ml, sensitivity of 100%
and specificity of 93.3%. In a recent study it was found that
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u-nephrin had a sensitivity of 57% and specificity of 58% in
diagnosing PE.* Similar results are reported in the study of
Yang et al. for u-nephrin in predicting PE, wherein sensi-
tivity, specificity, PPV, and NPV were 67%, 83%, 58%, and
76%, respectively.>® Another study reported sensitivity of
64% and specificity of 77% of u-PDX in making the diag-
nosis of PE.26 Both markers showed excellent clinical utili-
ty (CUI= 0.81) as diagnostic tests in distinguishing healthy
pregnant women from women with PE.

There are two major limitations in this study: these
are the small sample size and the cross-sectional nature
of study. Therefore, there is a need for large, prospective
studies in order to further assess the value of these markers
in predicting PE. If further studies confirm that u-nephrin
and u-PDX or both are markers for prediction of PE, they
could be implemented in clinical and laboratory practice
as routine biomarkers used to predict PE in women with a
high-risk pregnancy.

CONCLUSIONS

U-nephrin and u-PDX levels could be useful as predictors
of PE in women with a high-risk pregnancy.
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Pe3tome

BeepeHue: Ipesxmammcus (I19) xapakTepusyeTcs MOSABIEHNEM apTepUaIbHOI TUIePTeH3UN U IpoTenHypun. Coobmanock o mno-
BPEXX/ICHNH TIOJOLMTOB Y XKEHIIVH C IIPeSKIaMIICHelt, U crenyuiecKye Iy IOfOLMUTOB 6e/IKM, TaKye KaK HePYH U ITOJOKaIMKCHH,
MOTYT OBITD IONIe3HBIMM 6VoMapKepamu 19,

Lensb: Vsyunts ponb HedpprHa B Mode (u-nephrin) n nogoxamkcuua B Mode (u-PDX) B nporrosupoBanuy I19 y XeHIIMH ¢ BBICO-
KIM PYCKOM 6epeMEeHHOCTH.

Martepuanbl 1 meToAbl: B nanHOe nccnegoBanue 6bi1a BKIoUeHa 101 6epeMeHHast SKeHIIMHA, KOTOPbIe OB pasfe/ieHbl Ha TPU
TpyHIBL: 1-51 rpymma - 6epeMeHHbIe ¢ BBICOKMM pucKoM pas3Butust 119 (n = 41), 2-a rpymma - 6epemennsle ¢ I19 (n = 30), u rpynma 3 -
KOHTPOJIbHAs, COCTOSIBILAS U3 3[J0POBBIX OepeMeHHbIX XeHIVH (n = 30). Kpurepusamu BKIoueHns XeHIIVH ¢ 11D 6bI1u runepTeHsns
de novo > 140/90 mmHg., mporennypus > 300 Mr / 24 4aca 1 HamdMe OTEKOB mocyte 20 Hellenb 6epeMeHHOCTH, B TO BpeMs KaK KpH-
TepUAMY MCKTIOYeHNs ObIIM Ha/ln4le B aHaMHe3e 3a00/IeBaHIs II0UeK 1 GepeMeHHBIX XKeHIIIH B Bo3pacTe Monoxe 18 et. Kputepun
BK/IIOUEHNS /A SKeHIIVH ¢ 6epeMeHHOCTAMN BBICOKOTO PHCKa: FeCTAallMOHHAsA Hefies > 15, [I9 B aHaMHe3e BO BpeMsI ITpelbIAyILelt
OepeMeHHOCTH, CYI[eCTBYOLIMII paHee AuabeT 1 wm 2 THUIA, CYLIECTBYIOLIasA paHee TMIEPTEH3UsA, MHOTOIUIOGHAsS OepeMeHHOCTb,
CYILIECTBYIOIas paHee OTC/IOIKA I/TALleHThI, TYYHbIe XEHI[MHbI, HEpOXKaBIIINe, BO3PACT MaTepu> 35 1eT 1 ceMeliHbIl anamHes I19. Vc-
CiIefloBaHye MPOBOAMIOCH ¢ MapTa 2016 rofa 1mo Mait 2017 rofja Ha MefUIMHCKOM daKy/abreTe VIHCTUTYTA MEUIIMHCKON U 9KCIIEPU-
MeHTa/IbHOJ 6uoxumuy B Ckonbe. O6pasiibl MOYY MCIIONIb30BATUCH /I UCCTIeNOBaHNUSA YPOBHelT HepyHA U IOTOKAIMKCUHA C IOMO-
I[bI0 MMMYHOGEPMEHTHOTO aHa/IN3a, KpeaTMHIHA ¥ MUKPOaIbOyMyHa. BbImn B3sATE 06pasLibl KPOBMU I OMOXMMUYECKOTO aHAIN3a.

Pesynbratbl: Yposens u-nephrin ysemmumicsa Ha 96.7% y xeHumyH ¢ 11D u Ha 73% Y >KeHIUH ¢ 6epeMEHHOCTAMMU BBICOKOTO PH-
cka. YpoBHU u-PDX 6butn yBe/mideHbl Ha 63% y sxeHiuH ¢ 119 1 Ha 100% y >keHIMH ¢ 6epeMeHHOCTAMM BBICOKOIO PUCKa. YPOBHU
u-nephrin u u-PDX 6b1m1 3HaYNTETBHO HOBBILIEHDI Y KEHIMH ¢ 6€peMEHHOCTAMMY C BBICOKMM PUCKOM 1 Y >KeHIuH ¢ I19 mo cpas-
HEHVIO ¢ KOHTPOJIbHON rpynnoii (p<0.001). bbta o6Hapy>keHa 3HaYMTEIbHAS PasHUIA MEXAY IOATPYNIIaMY OepeMeHHbIX XKEHIINH,
KTaccuULMPOBAHHBIX II0 CPOKY 6€peMEHHOCTH B COOTBETCTBUM C MX ypoBHAMM u-nephrin u y-PDX. O6Hapy>keHa 3HauMMas HOJIO-
JKUTENbHAA B3aMIMOCBA3b MEX/Y YPOBHAMM 000UX MapKepOB I CKOPOCTbIO KITy6OUKOBOI QU/IbTPALINY U 3HAYUTEIbHAS OTPULIATE b~
Hast KOppelALVA MeXy YPOBHAMYU 000X MapKepoB U TeCTalIOHHbIM BodpacToM. AHam3 ROC mokasas, 4To Ipee/ibHOe 3HaUeHe
304.6 ng/ml u-nephrin nmeno yyscTBuTenbHOCTH (Se) 96.7%, cnenuduaHocts (Sp) 96.7% (kak mna Se, Tak u A Sp 95% nosepu-
tenpHbll MHTEpBa (CI) 82.8-99.9), B TO BpeMs Kak IpefienibHOe 3HadeHue 59.5 ng/ml pia u-PDX umeno uyBcTBuTenbHOCTh 100%, a
Sp - 93.3% (Se - 95% CI 88.4-100, Sp - 95% CI 77.9-99.2), npu pasnmmaenun xxeHuuH ¢ [19 u 3goposas 6epemennocts. O6a Mapkepa
MIOKa3a/Iy OTIMYHYI0 KIMHIYecKyo monb3y (CUI > 0.81) mns u-nephrin (CUI + n CUI- 0.934), g u-PDX (CUI + 0.938; CUI- 0.933).

3akntoueHune: Yposuu U-uedpuna u u-PDX MoryT 6bITh IO/Ie3HbIMM IpeauKTopamy 119 y xKeHIMH ¢ 6epeMEeHHOCTAMI BBICOKOTO
puCcKa.

KnwoueBble cnoBa

6epeMeHHOCTb BBICOKOTO PUCKa, HedpH, TOIOKAINKCUH, IPeIK/IaMIICU
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