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Chronically high blood pressure-related kidney injury is known as hypertensive nephropathy (HN).
Podocyte damage in the pathogenesis of this disease can result in the release of the sialoglycoprotein podo-
calyxin into the urine, so podocalyxin may be useful in the early diagnosis of HN. The purpose of the study
was to examine the relationships between urine podocalyxin level and clinical and biochemical parameters
in individuals with HN and to assess the diagnostic utility of urinary podocalyxin as an early marker of HN.
Participants (114 individuals) were enrolled in this cross-sectional study, including 30 healthy controls and
84 patients with clinically proven chronic hypertension (CH). Biochemical tests were performed on the blood
samples. Urinary microalbumin and creatinine levels were measured using immunoturbidimetric and spec-
trophotometric methods, respectively; urinary podocalyxin level was estimated with ELISA. All CH patients
were classified into subgroups according to urine microalbumin/creatinine ratio (UM/CR) and the stage of
chronic kidney disease (CKD). The results obtained showed that urinary podocalyxin level was significantly
increased in both UM/CR and CKD staging subgroups compared with the healthy control group. A gradual
increase in urinary podocalyxin level with CKD stage, especially in IV and V stages, and the higher sensitivi-
ty of urinary podocalyxin as compared to UM/CR ratio in early detection of HN was demonstrated. It was
concluded that urinary podocalyxin may be an important and highly sensitive marker for early diagnosis of
hypertensive nephropathy in patients with chronic hypertension.

Keywords: hypertensive nephropathy, urine, podocalyxin, microalbumin, creatinine, diagnostic marker.

most common cause of end-stage renal

disease (ESRD) after diabetes. The pro-
portion of hypertensive patients who develop end-
stage renal disease increases significantly if blood
pressure levels are uncontrolled for long periods or
if kidney disease is already present. Over 20% of
patients with chronic hypertension (CH) have hy-
pertensive nephropathy [1]. Because the early course
of HN is often asymptomatic and these patients do
not have regular medical evaluations, most patients
have early-stage chronic kidney disease at the time
of their first medical evaluation. Multiple kidney
lesions may have formed before clinical symptoms
and routine laboratory results were found to be ab-
normal. HN can also occur in newly diagnosed hy-
pertensive patients, but the clinical manifestations
of HN often appear 10-15 years after the diagnosis

I I ypertensive nephropathy (HN) is the second

of hypertension. Hence, early diagnosis of HN is
crucial [2]. Screening of high-risk populations, in-
cluding those with hypertension, diabetes mellitus,
and people over the age of 65, is recommended and
includes two laboratory tests: glomerular filtration
rate (GFR) and urinary microalbumin as measures
of renal function, and urinary microalbumin to cre-
atinine ratio (UM/CR), as a measure of renal impair-
ment [3]. It has been suggested that microalbuminu-
ria may be a marker of early renal dysfunction and
a predictor of ESRD and cardiovascular disease, al-
though microalbuminuria is commonly seen in other
pathological conditions. Therefore, HN reflects en-
dothelial dysfunction and may be a better predictor
of cardiovascular risk than CKD progression [4].
HN is characterized by a combination of pathologi-
cal changes in vasculature, glomeruli, tubular inter-
stitium, capillary endothelial cells, podocytes, and
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immune cells. Over the past two decades, several
animal studies have shown that damage to podo-
cytes is important for the pathogenesis of HN [5]. A
possible explanation is that increased blood pressure
causes podocyte damage through the mechanical
effects of glomerular hypertension, hyperfiltration,
and glomerular hypertrophy, which results in the
detachment of podocytes from the glomerular base-
ment membrane and their excretion through urine
[6]. Although human data are limited, several studies
have shown that podocyte damage occurs during
the early stages of hypertensive renal injury. Podo-
cytes are highly differentiated cells and are critical
in maintaining the glomerular filtration barrier. A
recently studied mechanism revealed that podocyte
extinction and loss led to increased protein leakage
and decreased GFR. Therefore, in HN, podocytu-
ria could be a predictor of the clinical outcomes [7].
Podocytes and their specific proteins (such as podo-
calyxin) are present in the urine when the podocytes
are damaged or detached from the glomerular base-
ment membrane. An anionic transmembrane sialo-
glycoprotein called podocalyxin (PDX) belongs to
the CD34 protein family. It is a crucial part of the slit
diaphragm structure and is expressed on the apical
side of podocyte foot processes. Due to this, urine
podocalyxin may serve as a biomarker of podocyte
malfunction that can be used to determine the health
of the kidney’s filtration barrier [8]. Therefore, the
measurement of urinary podocalyxin may be a
promising tool for the early detection of podocyte
injury in HN. Early detection of podocyte damage
can enable early treatment and slow the progression
of end-stage renal disease. Our study aimed to inves-
tigate the association between urinary podocalyxin
levels and clinical and laboratory characteristics in
patients with HN and to test the diagnostic signifi-
cance of urinary podocalyxin as an early biomarker
for HN.

Material and Methods

Subjects. The Department of Medical and Ex-
perimental Biochemistry at the Faculty of Medicine
in Skopje conducted this cross-sectional study from
March 2016 to May 2017. The research was carried
out by the Declaration of Helsinki, and it received
approval from the Faculty of Medicine’s Ethical
Committee in Skopje, North Macedonia (No. 03-
5515/8 from 09.12.2015). Participants (84 indi-
viduals) with chronic hypertension (CH) (23 with
clinically established HN and 61 without clinically
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proven HN) and 30 healthy controls were included
in the current study. From the University Clinic of
Nephrology at the Faculty of Medicine in Skopje, pa-
tients with HN that had been clinically verified were
chosen. The existence of high blood pressure and ab-
normalities in kidney structure or function (defined
by the presence of macroalbuminuria, microalbumi-
nuria, or decreased GFR) present for more than three
months met the inclusion criteria for individuals with
CH and HN [9]. Diabetes mellitus type 2 and the ex-
istence of any other kidney condition met the exclu-
sion criteria. From the Primary Health Care Offices,
patients with CH without clinically established HN
were sought out as new-onset cases with high blood
pressure who had not been seen by nephrologists
for the evaluation of renal function, in other words,
without clinically proven HN. Each participant in
this study gave their informed consent.

According to UM/CR, patients with CH were
categorized into three subgroups as follows: 1 — mac-
roalbuminuric subgroup with UM/CR > 300 mg/g
(n = 4); 2 — subgroup of people with microalbuminu-
ria, UM/CR 30-300 mg/g (n = 20); 3 — normolbumi-
nuric subgroup (n = 60), UM/CR 30 mg/g.

Five subgroups were created by further cate-
gorizing all CH patients according to the stage of
CKD: 1 - patient subgroup in stage V with an eGFR
of less than 15 ml/min per 1.73 m? (n = 1); 2 — pa-
tients in stage 1V who fall into the eGFR range of 15
to 29 ml/min per 1.73 m? (n = 6); 3 —stage Illaand b
subgroup, individuals with an eGFR of 30 to 59 ml/
min per 1.73 m? (n = 30); 4 — stage Il patient sub-
group, eGFR 60 to 89 ml/min per 1.73 m? (n = 38);
5 — subgroup of patients in stage | who fall into the
¢GFR 90 ml/min per 1.73 m? and higher (n = 9).

Both patient classifications were made
according to the guidelines of KDIGO — Kidney
Disease: Improving Global Outcomes Guidelines
[10].

Demographic and clinical data (age, sex, height
and weight, duration of illness, comorbidities, labo-
ratory tests, and blood pressure measurements) were
collected from all subjects included in this study.

Analysis of urine. As a material, 10 ml of the
first voided morning urine samples were collected
in a sterile plastic tube and divided: 5 ml for direct
estimation of urinary creatinine and microalbumin,
and 5 ml after centrifugation for 20 min at 1000 rpm
were stored at 80°C. for future measurement of
urinary podocalyxin by enzyme-linked immuno-
sorbent assay (ELISA). Urinary microalbumin was
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measured using an immunoturbidimetric method,
while urinary creatinine was measured using the
Jaffe reaction on a ChemWell biochemical analyzer
(2910® Awareness Technology, Inc. Palm City, FL,
USA). UM/CR was calculated by dividing the uri-
nary microalbumin concentration in milligrams by
the urinary creatinine concentration in grams. GFR
was estimated by the Cocroft and Gault equation
[11].

Frozen urine samples were prepared and
evaluated according to the manufacturer’s instruc-
tions for the urine podocalyx ELISA kit (Exocell
Inc., Philadelphia, PA, USA). The method for de-
tecting urinary podocalyxin levels was an indirect
competitive ELISA using a rabbit primary anti-
body against podocalyxin and horseradish peroxi-
dase (HRP)-conjugated anti-rabbit antibody. As an
antigen, urinary podocalyxin, competed with po-
docalyxin antigens immobilized on the bottom of
polystyrene microtiter plates with added primary an-
tibodies. Detection of urinary podocalyxin-restricted
primary antibodies was achieved using anti-rabbit
HRP antibodies. Several washing steps removed
unbound antibodies, and then the chromogenic sub-
strate was added, resulting in color development.
The intensity of the developed color was inversely
proportional to the concentration of podocalyxin in
the urine sample and was measured photometrically
at 450 nm. Urine podocalyxin levels were estimated
from a standard curve determined using commercial
standards provided by the ELISA kit. Urinary podo-
calyxin levels were expressed as ng/ml.

Blood analysis. From all subjects, 5 ml ve-
nous blood samples were aseptically collected into a
standard tube and allowed to clot for 10-15 min. The
serum was separated by centrifugation at 3000 rpm
for 10 min. Isolated serum was measured for blood
glucose, low-density lipoprotein (LDL), high-density
lipoprotein (HDL), total cholesterol, triglycerides,
blood urea, serum creatinine, total protein, and albu-
min using a ChemWell biochemical analyzer (2910®
Awareness Technology, Inc. Palm City, FL, USA).

Statistics. Statistical analysis was performed
using IBM SPSS Statistics for Windows version XX
(IBM Corp., Armonk, N.Y., USA) and MedCalc for
Windows version 15.0 (MedCalc Software, Ostend,
Belgium). Numerical data are presented as the me-
dian and interquartile range (IQR) (25" to 75" per-
centile), as all data identified by the Kolmogorov-
Smirnov test are non-normally distributed. We used
the Kruskal-Wallis test to compare differences be-

tween more than two groups for clinical and labora-
tory data and the Mann-Whitney U test to compare
differences between two groups for clinical and labo-
ratory data. The Mann-Whitney U test was used as
a post-hoc test for the Kruskal-Wallis test to identify
significantly different responses. Bonferroni correc-
tions were used when multiple comparisons were
made with the same data set. The receiver operating
characteristic (ROC) curve analysis was performed
to determine the optimal cut-off values for urinary
podocalyxin and UM/CR and to measure their diag-
nostic accuracy in patients with HN. P values < 0.05
were considered statistically significant.

Results

Clinical and biochemical characteristics of
study subgroups. Statistical analysis showed a
significant difference in age, serum creatinine, body
mass index (BMI), systolic blood pressure (SBP),
diastolic blood pressure (DBP), blood glucose, LDL,
total cholesterol, triglycerides, blood urea, UM/CR,
total protein, aloumin, and urinary podocalyxin of
UM/CR divided between subgroups of subjects.
There was a significant difference in subgroups of
patients divided by CKD stage according to age,
disease duration, serum creatinine, BMI, SBP,
DBP, blood glucose level, HDL, total cholesterol,
triglycerides, blood urea, UM/CR, total proteins,
albumin, and urinary podocalyxin. Tables 1 and 2
show the results of tests of differences for clinical
and biochemical data in patients stratified by UM/
CR and stage of CKD and healthy controls.

Urinary podocalyxin levels in study subgroups.
In subgroups of subjects divided according to UM/
CR, the urinary podocalyxin level was significantly
elevated compared to healthy controls (P < 0.05),
Fig. 1. The urinary podocalyxin level was also sig-
nificantly elevated in subgroups of patients with
CH divided according to CKD stage compared to
healthy controls (P < 0.05), Fig. 2.

Diagnostic performance of urinary podoca-
lyxin and UM/CR in patients with CH. To test the
diagnostic performance of urinary podocalyxin and
UM/CR and detect the optimal cut-off value for uri-
nary podocalyxin and UM/CR, ROC analysis was
performed. To determine the best cut-off, we maxi-
mize both Se and Sp with their summation (Se +
Sp). At this point, Youden’s index (Se + Sp — 1) is
also maximum, so the optimal cut-off was calcu-
lated from the maximum Youden index (sensitivity
+ specificity — 1) [12]. The total accuracy of urinary
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Fig. 2. Comparison of urinary podocalyxin levels among subgroups of patients with CH divided according to

CKD stage

podocalyxin was 66.6%, while UM/CR’s total accu-
racy was 57.8% in early diagnosis of HN. Results are
presented in Table 3.

Percentage of subjects with elevated urinary
podocalyxin in study subgroups. In subgroups of
patients divided according to UM/CR, urinary po-
docalyxin levels were higher than the cut-off value
(>58.9 ng/ml) in 25% of patients with normoalbu-
minuria, in 75% of patients with microalouminuria
and 90% of patients with macroalbuminuria (Fig. 4).
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In subgroups of patients divided according to CKD
stage, urinary podocalyxin levels were higher than
the cut-off value in patients in CKD stages V, in 85%
of 1V stages, in 20% of patients in CKD stage I,
25% of patients in CKD stage 11 and 70% of patients
in CKD stage | (Fig. 5).

Discussion

Patients with CKD up to stage 3, and most
cases of stage 4 CKD, are usually asymptomatic,
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Table 3. ROC analysis diagnostic performance data of urinary podocalyxin and UM/CR in patients with
HN

Diagnostic performance data \ Urinary podocalyxin UM/CR

The area under the ROC curve (AUC) 0.586 0.626
95% Confidence interval (95% CI) 0.474 to 0.693 0.531 to 0.715
Significance level P (Area = 0.5) 0.227 0.0148
Youden index J 0.2431 0.3098
Cut-off value >58.9 ng/ml >30.0 mg/g
Sensitivity 52.1% 44.8%
Specificity 72.1% 86.1%
NPV negative predictive value 80% 87.5%
PPV positive predictive value 41.3% 41.8%
Diagnostic effectiveness (accuracy) 66.65% 57.8%

Note. NPV — negative predictive value, PPV — positive predictive value, UM/CR — urinary microalbumin to creatinine
ratio, HN — hypertensive nephropathy
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Fig. 3. Elevated urinary podocalyxin in subgroups of patients divided according to UM/CR
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Fig. 4. Elevated urinary podocalyxin in subgroups of patients divided according to CKD stage
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which is why CKD is often referred to as the “silent
killer”. Early detection of CKD in asymptomatic in-
dividuals can be accomplished with simple tests such
as eGFR and UM/CR, and the necessary measures
should be taken to reduce progression to ESRD [13].
Microalbuminuria in CH patients has been described
as an early marker of renal injury and a predictor of
ESRD and cardiovascular disease with an incidence
of approximately 50% [4]. However, some patients
with CH may have decreased eGFR and progress to
ESRD without significant microalbuminuria or mac-
roalbuminuria, whereas some patients with normal
albuminuria or microalbuminuria have progressive
renal pathological changes suggest microalbuminu-
ria [14]. In animal models of hypertension, damage
to leg cells has been observed with the onset of kid-
ney disease [15, 16]. In contrast, human data on uri-
nary foot cell damage and loss in patients with CH
are scarce. A recent study showed that podocyturia
occurs in the early stages of hypertensive renal in-
jury and may be a sensitive predictor of HN [5, 6]. In
our study, urinary podocalyxin concentrations were
estimated in hypertensive patients with and without
clinically proven HN to investigate the role of uri-
nary podocalyxin in the early diagnosis of HN. The
results of our study showed significant differences
in most of the clinical and biochemical parameters
(shown in Tables 1 and 2). A significant difference
was found regarding urinary podocalyxin between
the CH groups divided by CKD stage and the hy-
pertensive patient groups divided by UM/CR. In
addition, urinary podocalyxin concentrations were
significantly increased in the UM/CR subgroups and
the CKD staging subgroups compared with healthy
controls (P < 0.05). Our results show that urine po-
docalyxin levels gradually increase with the stage of
chronic kidney disease and kidney damage, making
it an early marker of HN. The severity of kidney
damage is often related to the extent and duration
of high blood pressure. Microalbuminuria had a
lower sensitivity and total diagnostic accuracy for
predicting HN than urinary podocalyxin, according
to ROC analysis. For UM/CR 30 mg/g detection, the
reported sensitivity, specificity, and positive/negative
predictive values were 44.8, 86.1, 87.5, and 41.5%,
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respectively. The urinary podocalyxin sensitivity,
specificity, and positive/negative predictive values
were 52.1, 72.1, 80.0, and 41.3%, respectively. The
total diagnostic accuracy was higher for urinary po-
docalyxin than UM/CR and the values were 66.6 and
57.8%, respectively.

We failed to find data regarding the sensitivity
and specificity of urine podocalyxin in HN patients
in the literature, as well as data on levels of urinary
podocalyxin in patients with hypertensive nephropa-
thy. The early data are encouraging, despite the fact
that the diagnostic value of urinary podocalyxin for
chronic renal disease is yet not fully understood. In
glomerular diseases, the level of urinary podocalyxin
and the number of urinary podocytes were associa-
ted with the proportion of segmental sclerosis. The
expression of the kidney function biomarkers serum
creatinine, eGFR, and albuminuria was linked with
urinary PDX mRNA [17]. We determined that 25%
of patients with normoalbuminuria and 70% of pa-
tients in stage | CKD have higher urine podocalyxin
levels. These findings suggest that in the early stages
of CH-related CKD, urinary podocalyxin first ap-
pears in the urine preceding microalbumin. Due to
the relatively small sample size of the population
we analyzed and the cross-sectional nature of our
study, additional research and follow-up are required
to support our findings. Urinary podocalyxin could
be used in common laboratory practice as an early
diagnostic marker of HN in patients with CH if ad-
ditional studies confirm our findings. Our major
conclusions include a high percentage of normoal-
buminuric patients with CH, and patients in CKD
stage I, with elevated urinary podocalyxin levels, a
gradual increase in urinary podocalyxin levels with
CKD stage, especially in IV and V stage, and higher
sensitivity of urinary podocalyxin in early detec-
tion of HN compared to UM/CR. We can conclude
that urinary podocalyxin may be an important and
highly sensitive marker for early diagnosis of HN in
CH patients.
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XpoHiUHE ypaKeHHs HHUPOK, IIOB’sI3aHE
3 BHCOKHM apTepiaJbHUM THUCKOM BiJJOMO SIK
rineproniyna Hedpomatis (I'H). Ilomkomxennas
MOAOLMUTIB B MATOT€He31 LIbOTO 3aXBOPIOBAHHS MPH-
3BOAMUTH JI0 BUIJICHHS B CEUY ClaJIOTIIKOMPOTEIHY
MTOJIOKATIKCUHY, TOMY TOAOKAIIKCHH MOXe OyTH
BAXIIMBUM Ui paHHBOI miarHoctukm ['H. Me-
TOI0 JOCHIKEHHSI OyJ0 BHUBYMTH B33a€MO3B’SI30K
MIK piBHEM IOJOKATIKCHHY B C€Yi Ta KIIHIYHUMHU
i OioxiMiyHMMH TlapameTpamu B oci6 i3 ['H,
a TaKOX OIIIHUTH JiarHOCTUYHY KOPHUCHICTH
MOAOKAJIKCUHY B C€4i SIK PaHHBOI'O Mapkepa
I'H. Cepen 114 yyacHWKIB LIBOTO TEPEXPECHOTO
nmociimkenHs, 0yio 30 310poBUX 0Ci® KOHTPOIBHOT
rpynu Ta 84 MaIieHTiB i3 KIIHIYHO T ATBEPIKEHOIO
XpOHIYHOIO aprepianbHOIO Tineprensiero (XI).
Y Bcix yd4acHHKIB Oylo TpOBEACHO OioXiMiuHE
JIOCTiPKeHHS KpoBi. PiBeHb MikpoanmbpOymiHy
Ta KpPEeaTWHIHYy B C€4i BHUMIpPIOBAJIH 3a JIOTIOMO-
o0  IMyHOTYpOIIMMETPUYHOTO Ta  CIIEKTPO-
(hOoTOMETPUYHOTO METOJIB BiJITIOBIIHO; PpiBEHb
MTOJIOKATIKCHHY B C€Yi OI[IHIOBAJH 3a JOTTOMOTOIO
ELISA. TlamientiB i3 XI' Oynmo posmofiieHo Ha
MIATPYNH 32 CITIBBiTHOMICHHSM MIKpOadb0yMiH/
kpearnnia cedi (UM/CR) Ta cramiero XpoHIYHOT
xBopobu HuUpok (XXH). OTtpumani pesynbraTu
MOKa3aJH, MO PiBEHb MOJOKATIKCHHY B cedi OyB
CYTTEBO TIBHINEHUH B 000X JOCITIIKyBaHUX
miarpymax UM/CR Ta XXH mnopiBHSHO 3 KOH-
TPOJIBHOIO Tpymoro. [IponemoncTpoBaHo moctyro-
B€ TIiIBUIIICHHS PiBHA NMOAOKAIIKCHHY B cedi 31 3p0-
cranaam crtagii XXH, ocoonmuBo BIV ta V cramisx,
a TAKOXX OLTBIII BUCOKY UYTIUBICTh MOJOKATIKCUHY
B cedi mopiBHAHO 3i cmiBBimHOmEHHIM UM/CR
npu panHboMy BusBieHHI ['H. 3pobneno BucHO-
BOK, IO ITOJIOKATIKCHH y Cedi MOXe OyTH BarKJIH-
BUM 1 BHCOKOUYTJIMBUM MAapKepoOM ISl PaHHBOI
JiarHOCTHKH TiepTOHIYHOT HepporaTii y marieHTiB
13 XpOHIYHOIO TiepTEH3IETO.

Knmouoni cioBa: rinepToHiyHa
Hedponarisi, ceva, MOJOKaJIIKCHH, MIKpOAJIbOYMiH,
KpEeaTHHiH, A1arHOCTUYHHI MapKep.
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