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SUMMARY - Hypertensive nephropathy (HN) is characterized by kidney damage due to chronic
high blood pressure. Podocytes play a crucial role in the pathogenesis of HN, thus, nephrin could be
important in the early diagnosis of HN.The aim of the study was to investigate the association of urinary
nephrin (u-nephrin) levels with clinical and laboratory characteristics in patients with HN and to test
diagnostic relevance of u-nephrin as an early biomarker of HN. In this cross-sectional study, 114 subjects
were recruited, 84 patients with chronic hypertension (CH) and 30 healthy controls. All patients with
CH were classified according to the urinary microalbumin/creatinine ratio (UM/CR) and according to
the chronic kidney disease (CKD) stage. Urine samples were collected to estimate the u-nephrin level
by ELISA and to determine UM/CR. Blood samples were used for biochemical analyses. We found
elevated u-nephrin in 78.3% of normoalbuminuric subjects with CH. The levels of u-nephrin increased
gradually with the stage of CKDD. ROC curve plotted for u-nephrin showed 89.7% sensitivity and 88.8%
specificity, while UM/CR showed a sensitivity of 44.8% and specificity of 86.1% to detect HN in the

early stage. It is concluded that u-nephrin can be useful as an early biomarker of HN.
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Introduction

Hypertensive renal disease or hypertensive ne-
phropathy (HN) is the second most common cause
of chronic kidney disease (CKD) and end-stage renal
disease (ESRD), requiring dialysis or renal transplan-
tation, outnumbered only by diabetic nephropathy.
More than 20% of patients with chronic hypertension
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(CH) have HN". The early course of HN is often as-
ymptomatic, these patients do not regularly undergo
a medical check-up, and so at the time of first medi-
cal examination, most of them have CKD in the early
stage. Once the clinical manifestations or routine test-
ing results have been detected to be irregular, multiple
renal lesions might have already formed. Although
HN may occur in newly diagnosed hypertension pa-
tients, often the clinical manifestations of HN appear
after 10- to 15-year duration of hypertensive disease.
Therefore, early diagnosis of HN is essential®. Screen-
ing of high-risk populations, which include individ-
uals with hypertension, diabetes mellitus, and those
older than 65 years, is recommended, including two
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laboratory tests, glomerular filtration rate (GFR) as a
measure of kidney function, and urinary microalbumin
to creatinine ratio (UM/CR) as a measure of kidney
damage’. Microalbuminuria has been proposed as a
possible marker of early renal dysfunction and a pre-
dictor for ESRD and cardiovascular disease. Micro-
albuminuria is a non-specific marker often present in
other pathologic conditions, thus HN may reflect en-
dothelial dysfunction and be a better predictor of car-
diovascular risk than CKD progression®*. HN is char-
acterized by the combination of pathologic changes of
the vasculature, glomeruli, tubulointerstitium, capillary
endothelial cells, podocytes, and immune cells®. Over
the last two decades, multiple animal studies have
demonstrated that podocyte cell damage is crucial in
the pathogenetic mechanisms of HN. A possible ex-
planation is that elevated blood pressure may cause
podocyte injury due to the mechanical effects of glo-
merular hypertension, hyperfiltration, and glomerular
hypertrophy, which lead to detachment of podocytes
from the glomerular basement membrane and their
shedding through urine’. Human data are limited, but
some studies show that podocyte damage appears in
the early course of hypertensive renal injury. Podocytes
are highly differentiated cells crucial for maintaining
the glomerular filtration barrier, and recently investi-
gated mechanisms showed podocyte effacement and
loss, leading to increased protein leakage and decreased
GFR. Thus, in HN, podocyturia predicted clinical
outcomes®’. A damage and detachment of podocytes
from the glomerular basement membrane lead to the
presence of podocytes and their specific proteins such
as nephrin in urine. Nephrin is a transmembrane gly-
coprotein located at the slit diaphragm, which serves
as a size-selective barrier, preventing plasma protein
leakage'®'". Thus, the measurement of urinary nephrin
(u-nephrin) could be a promising tool in the early de-
tection of podocyte damage in HHN. Early detection of
podocyte damage will permit early treatment and slow
the progression to ESRD. Our study aimed to inves-
tigate the association of u-nephrin levels with clinical
and laboratory characteristics in patients with HN and
to test diagnostic value of u-nephrin as an early bio-

marker of HN.
Patients and Methods

Subjects
This cross-sectional study was conducted between
March 2016 and May 2017 at the Department of

636

Medical and Experimental Biochemistry, Faculty of
Medicine in Skopije. The study was performed accord-
ing to the Declaration of Helsinki, and was approved
by the Ethics Committee of the Faculty of Medicine
in Skopje, North Macedonia (No.03-5515/8 as of De-
cember 9, 2015). The current study included 84 pa-
tients with CH (23 with clinically proven HN and 61
without clinically proven HN) and 30 healthy controls.
Patients with clinically proven HN were selected from
the Department of Nephrology, Faculty of Medicine
in Skopje. Inclusion criteria for patients with CH and
HN were clinically diagnosed and manifested HN,
characterized by high blood pressure and abnormal-
ities of kidney structure or function (defined by the
presence of macroalbuminuria or microalbuminuria or
decreased GFR) present for >3 months'. Exclusion
criteria were diabetes mellitus type 2 and presence of
any other kind of kidney disease. Patients with CH
without clinically proven HN were recruited from the
primary health care offices as new-onset cases with
high blood pressure, not reported to the nephrologists
for examination of renal function, i.e., without clini-
cally proven HN. Informed consent was obtained from
all subjects included in this study.

Patients with CH were divided into three sub-
groups according to UM/CR, as follows: (1) macro-
albuminuric group, UM/CR greater than 300 mg/g
(n=4); (2) microalbuminuric group, UM/CR 30-300
mg/g (n=20); and (3) normoalbuminuric group, UM/
CR less than 30 mg/g (n=60).

Another classification of all patients with CH was
performed according to CKD stage into five sub-
groups: (1) stage V, eGFR <15 mL/min per 1.73 m?
(n=1); (2) stage IV, eGFR 15-29 mL/min per 1.73 m?
(n=6); (3) stage III a & b, eGFR 30-59 mL/min per
1.73 m? (n=30); (4) stage II, eGFR 60-89 mL/min per
1.73 m? (n=38); and (5) stage I, eGFR 90 mL/min per
1.73 m? and above (n=9).

Both classifications of patients were performed
according to the Kidney Disease: Improving Global
Outcomes (KDIGO) guidelines'".

Baseline demographics and clinical data (age, sex,
height and weight, duration of disease, comorbidities,
laboratory investigations, and blood pressure measure-
ments) were collected on all subjects included in the
study.

Urine analysis

First morning urine samples (10 mL) were collected
into a plastic sterile tube. Urine samples were divided

Acta Clin Croat, Vol. 62, No. 4, 2023



I. Kostovska e al.

Urinary nephrin and hypertensive nephropathy

into two aliquots, as follows: 5 mL for measurement
of urine creatinine and microalbumin, and 5 mL was
stored at -80 °C for future measurement of u-nephrin
by enzyme-linked immunosorbent assay (ELISA). Uri-
nary microalbumin was measured by the immunoturbi-
dimetric method, and urinary creatinine concentration
by Jaffe’s reaction on a ChemWell biochemical analyz-
er (2910° Awareness Technology, Inc., Palm City, FL,
USA). The UM/CR was calculated by dividing urinary
microalbumin concentration in milligrams by urinary
creatinine concentration in grams. The GFR was esti-
mated by the Cocroft and Gault equation™.

Frozen urine samples were prepared and estimated
according to the guidelines set in the u-nephrin ELISA
kit manufacturer’s instructions (Exocell Inc., Philadel-
phia, PA, USA). The method for detection of u-neph-
rin levels was an indirect competitive ELISA with a
primary antibody raised in rabbit against the nephrin
and an anti-rabbit secondary antibody conjugated to
horseradish peroxidase (HRP). As an antigen, u-neph-
rin competed with nephrin antigens immobilized at the
bottom of polystyrene microtiter plates for the added
primary antibodies. Detection of primary antibodies
bound to u-nephrin was achieved using anti-rabbit
HRP secondary antibodies. Several wash steps removed
unbound antibodies, and then a chromogenic substrate
was added, resulting in color development. The intensi-
ty of developed color corresponded inversely to nephrin
concentration in the urine sample and was measured
at a 450 nm wavelength. The u-nephrin levels were
estimated from the standard curve established using
commercial standards provided by the ELISA kit. The
u-nephrin levels were expressed in ng/mL.

Blood analysis

In all subjects, 5 mL of venous blood samples was
collected aseptically into commercial serum tubes and
left to clot for 10-15 min. Serum was separated by
centrifugation at 3000 rounds per minute for 10 min.
Blood glucose levels, low-density lipoproteins (LDL),
high-density lipoproteins (HDL), total cholesterol,
triglycerides, blood urea, serum creatinine, total pro-
teins, and albumin were measured on a ChemWell
biochemical analyzer (2910° Awareness Technology,
Inc., Palm City, FL, USA). We used commercial re-
agents and quality control was performed according to
the ISO 15189 standard quality assurance program.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, version 20 (IBM Corp., Ar-
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monk, NY, USA) and MedCalc for Windows version
15.0 (MedCalc Software, Ostend, Belgium). Numeri-
cal data were presented with median and interquartile
range (IQR) (25-75 percentile) due to non-normal
distribution of all data detected by the Kolmogor-
ov-Smirnov test. We used the Kruskal-Wallis test to
compare differences among more than two groups in
terms of clinical and laboratory data, and Mann-Whit-
ney U test to compare differences between two groups
in terms of clinical and laboratory data. Mann-Whitney
U test was employed as a post-hoc test of Kruskal-Wal-
lis test to detect the groups responding significantly
different. Bonferroni corrections were used where mul-
tiple comparisons were performed in the same data set.
Spearman’s correlation coefficient was used to measure
the relationship between quantitative variables. Receiv-
er operating characteristic (ROC) curve analysis was
performed to determine the optimal cut-off values of
u-nephrin and UM/CR and to measure their diagnos-
tic accuracy in patients with HN. The values of p<0.05
were considered to be statistically significant.

Results

Clinical and biochemical characteristics of study sub-
groups

Statistical analysis showed a significant difference
according to age, serum creatinine, body mass index
(BMI), systolic blood pressure (SBP), diastolic blood
pressure (DBP), blood glucose levels, LDL, total cho-
lesterol, triglycerides, urea, UM/CR, total proteins, al-
bumin, and u-nephrin among the subgroups of subjects
divided according to UM/CR. Among the subgroups
of patients divided according to CKD stage, there was
a significant difference according to age, duration of
disease, serum creatinine, BMI, SBP, DBP, blood glu-
cose levels, HDL, total cholesterol, triglycerides, urea,
UMY/CR, total proteins, albumin, and u-nephrin. The
results of difference tests on clinical and biochemical
data in patients with CH divided according to UM/
CR and according to CKD stage, and healthy controls
are shown in Tables 1 and 2.

U-nephrin levels in study subgroups

In the subgroups of subjects divided according to
UMY/CR, the u-nephrin level was significantly ele-
vated compared to healthy controls (p<0.05) (Fig. 1).
The u-nephrin level was also significantly elevated in
the subgroups of patients with CH divided according
to CKD stage compared to healthy controls (p<0.05)
(Fig. 2).

637



I. Kostovska ez al.

Urinary nephrin and hypertensive nephropathy

Table 1. Clinical and biochemical characteristics of chronic hypertensive patients divided according to UM/CR and

healthy controls
Macroalbuminuric Microalbuminuric | Normoalbuminuric | Healthy controls, %:ﬁkal_
patients, n=4 patients, n=20 patients, n=60 n=30 p—valllie
Age (years) 64.5 (59.5-72.5) 57.5 (46-60.5) 59.5 (54-62) 48 (41-55) <0.001
Duration of
discase (years) 8.5 (5-10) 5(1-5) 5(2-5) / 0.570
BMI (kg/mz) 32.9 (27.5-35.5) 27.4(26.2-30.2) 28.5 (26.5-31.8) 25.7(23.1-27.8) 0.001
Blood glucose
(mmol/L) 6.06 (4.9-6.56) 5.87 (4.7-8.2) 5.7 (4.6-6.9) 3.9 (3.61-4.87) <0.001
UM/CR (mg/g) 686.7 (525.6-715.2) 76.9 (52.4-144.6) | 11.9 (7.35-18.7) 11 (8.3-16.1) <0.05
SBP (mm Hg) 155 (145-165) 147.5 (140-155) 140 (140-150) 120 (110-130) <0.001
DBP (mm Hg) 90 (90-95) 90 (90-100) 90 (90-100) 80 (70-90) <0.001
Total cholesterol
(mmol/L) 6.06 (4.83-7.58) 4.8 (3.64-5.17) 4.42 (3.46-4.96) 3.35(2.59-4.11) <0.001
Triglycerides
(mmol/L) 2.24 (1.33-4.58) 2.18 (1.55-3.68) 1.36 (0.84-2.22) 1.22 (0.66-1.64) <0.001
HDL (mmol/L) 1.27 (0.92-1.7) 1.24 (0.93-1.3) 1.25(0.92-1.56) 1.22 (0.9-1.56) 0.938
LDL (mmol/L) 3.36 (2.89-4.21) 2.51(1.7-2.76) 2.33(1.5-3.0) 1.73 (1.0-2.09) 0.005
g;tf; proteins 68 (61.5-74.5) 70 (64.5-72) 65.5 (57-74) 74.5 (70-78) 0.001
Albumin (g/L) 39 (36.5-40) 40 (38.5-44.5) 39 (35.5-44) 47 (45-48) <0.001
Urea (mmol/L) 10.25 (6.03-14.8) 6.12 (5.13-10.0) 6.44 (5.47-8.61) 4.39 (3.47-4.97) <0.001
Serum creatinine
(umol/L) 171.5 (84.1-243.8) 84.1 (68.6-97.2) 76.7 (69-91.5) 76.8 (65.3-84.1) 0.001
eGFR (mL/min
per 173 m?) 35.5 (16.9-58.5) 58.4 (40.9-72.5) 63.8 (54.9-73.1) 91.14 (86.6-95.5) <0.001
“m'l’jjphrin (ng/ 1291.8 (461.4-2739.8) | 403 (308.3-512.5) | 444.9 (234.4-797.9) | 136.2 (109.4-189.2) 0.002

Results are presented as median and interquartile range (IQR); BMI = body mass index; UM/CR = urinary microalbumin to creatinine
ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL = high-density lipoprotein; LDL = low-density lipoprotein;
eGFR = estimated glomerular filtration rate; u-nephrin = urinary nephrin

Correlation between u-nephrin levels and clinical
and biochemical data of subjects

A weak positive correlation was found between
u-nephrin levels and SBP (rho=0.252, p=0.01) and
between u-nephrin and DBP (rho=0.273, p=0.01),
whereas a weak negative correlation was recorded be-
tween u-nephrin and eGFR (rho=-0.241, p=0.02).

Diagnostic performance of u-nephrin and UM/CR
in patients with CH

To test diagnostic performance of u-nephrin and
UM/CR and to detect the optimal cut-off value for
u-nephrin and UM/CR, ROC analysis was per-
formed. To determine the best cut-off, we maximized

both sensitivity (Se) and specificity (Sp) with their
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summation (Se + Sp). At this point, Youden index (Se
+ Sp — 1) was also maximum, so the optimal cut-off
was calculated from the maximum Youden index (sen-
sitivity + specificity — 1)%°. Total accuracy of u-nephrin
was 71%, while UM/CR total accuracy was 57.8% in
early diagnosis of HHN. Results are shown in Table 3.

Percentage of subjects with elevated u-nephrin in
study subgroups

In the subgroups of patients divided according to
UM/CR, u-nephrin levels were higher than the cut-
off value (>210.3 ng/mL) in 78.3% of patients with
normoalbuminuria, 95% of patients with microalbu-
minuria, and 100% of patients with macroalbuminuria

(Fig. 3). In the subgroups of patients divided accord-
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Table 2. Clinical and biochemical characteristics of chronic hypertensive patients divided according to CKD stage and

healthy controls

Stage I Stage I1 Stage II1 Stage IV ‘S; age Healthy controls \If\;;]i}(al_

n=9 n=38 n=30 n=6 n=30 8

n=1 p-value
Age (years) 54 (39-59.5) 59 (53-61) 60 (58-64) 64.5 (59-78) 56 48 (41-55) <0.001
Duration of
disease (years) 4(1-5) 4.5 (2-5) 5(2-5) 10 (7-20) 20 / 0.036
BMI (kg/m?)  [30.2 (28.8-37.4) [29.1 (27-32.6) |27.5 (24.8-29.4) |25.5 (23.7-26.9) [26.8 |25.7 (23.1-27.8) |<0.001
Blood glucose
(mmol/L) 6.7 (4.4-8.3) 5.8 (4.5-6.9) 5.4 (4.73-7) 6.1 (5.7-6.9) 7.6 3.9 (3.61-4.87) 0.002
gnl\,;l//gc;):R 27.4 (15.4-67.5) |14.6 (7.7-22.6) [17.25 (8.9-30.4) [135.3 (23.2-365.7) |85.8 11 (8.3-16.1) 0.003
SBP (mm Hg) |140 (135-147.5) |140 (140-150) |140 (140-160) |150 (145-160) 150 120 (110-130) <0.001
DBP (mm Hg) |90 (85-97.5) 90 (90-100) 90 (90-100) 95 (90-100) 90 80 (70-90) <0.001
Total
cholesterol 4.9 (3.9-6.6) 4.4 (3.4-4.9) 4.8 (4-5.29) 4.7 (3.5-6.9) 4.7 3.35(2.59-4.11) |0.002
(mmol/L)
Triglycerides
(mmol/L) 3.58 (1.54-6.6) |1.47 (0.9-2.1) [1.23(0.93-2.89) (2.1 (0.74-4.71) 4.6 1.22 (0.66-1.64) |[<0.001
HDL
(mmol/L) 1.15(0.84-1.28) |1.13 (0.8-1.5) [1.27(1.0-1.5) [1.73(1.56-1.85) (1.3 1.22 (0.9-1.56)  [0.022
LDL (mmol/L) |2.17 (1.61-2.72) g'éz)(l'AM- 2.55(2.13-3.07) {1.8 (1.2-3.8) 1.3 1.73 (1.0-2.09) 0.086
Z;f; proteins |74 (5g_7g) 65 (56-73) |67 (61-73) 75.5 (70-80) 70 |74.5 (70-78) <0.001
Albumin (g/L) |40 (34.5-44) 38 (35-41) 40 (38-45) 43.5 (40-48) 40 47 (45-48) <0.001
Urea (mmol/) [7.09 (5.22-8.6) |6.06 (5.1-7.6) [6.56 (5.85-8.77) [12.5 (9.41-16.6) 16.6 4.39 (3.47-4.97) |<0.001
Serum 71.8 (67.8-
creatinine 62.1 (51.5-80.5) : ’ 87 (73.5-103) 247.4 (237-260) 467.1 |76.8 (65.3-84.1) |<0.001
83.3)

(umol/L)
eGFR (mL/min|79.2 (93.05- 69.7 (64.2-
per 1.73 m?) 108.5) 73.4) 53.5(48.5-55.7) |16.9 (16.02-18.12) [12.4  |91.14 (86.6-95.5) [<0.001
u-nephrin (ng/ (218.3 (196.3- 451.2 (292.5- |471.5 (247.3- 2508.7 (425- 425 136.2 (109.4- <0.001
mL) 377.7) 789.6) 634.2) 3471.8) 189.2) )

Results are presented as median and interquartile range (IQR); CKD = chronic kidney disease; BMI = body mass index; UM/CR = urinary
microalbumin to creatinine ratio; SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL = high-density lipoprotein; LDL =
low-density lipoprotein; eGFR = estimated glomerular filtration rate; u-nephrin = urinary nephrin

Table 3. ROC analysis diagnostic performance data of u-nephrin and UM/CR in patients with HN

Diagnostic performance data u-nephrin UM/CR
Area under ROC curve (AUC) 0.935 0.626

95% Confidence interval (95% CI) 0.873-0.973 0.531-0.715
Significance level p (area=0.5) <0.0001 0.0148
Youden index J 0.7863 0.3098
Cut-off value >210.1 ng/mL >30.0 mg/g
Sensitivity 89.7% 44.8%
Specificity 88.8% 86.1%
NPV 92.4% 87.5%
PPV 66.6% 41.8%
Diagnostic effectiveness (accuracy) 71% 57.8%

NPV = negative predictive value; PPV = positive predictive value; u-nephrin = urinary nephrin; UM/CR = urinary microalbumin to creat-
inine ratio; HN = hypertensive nephropathy
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Fig. 1. Comparison of u-nephrin levels among subgroups of patients with CH divided according to UM/CR and
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Fig. 2. Comparison of u-nephrin levels among subgroups of patients with CH divided according to CKD stage.
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Fig. 3. Elevated u-nephrin in subgroups of patients divided according to UM/CR.
UMY/CR = urinary microalbumin to creatinine ratio
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Fig. 4. Elevated u-nephrin in subgroups of patients divided according to CKD stage.
CKD = chronic kidney disease
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ing to CKD stage, u-nephrin levels were higher than
the cut-off value in all patients in CKD stages IV and
V, 86.7% of patients in CKD stage III, 82% of patients
in CKD stage II, and 67% of patients in CKD stage
I (Fig. 4).

Discussion

Patients with CKD up to stage III and most cas-
es in CKD stage IV usually are asymptomatic, thus
CKD is usually named a ‘silent killer’. Early detection
of CKD in asymptomatic individuals could be done
by simple tests such as eGFR and UM/CR, and nec-
essary steps to reduce progression to ESRD should be
taken'®. Microalbuminuria in patients with CH has
been described as an early sign of kidney damage and
a predictor of ESRD and cardiovascular disease with
a prevalence of approximately 50%°. However, some
patients with CH may have eGFR decline and may
progress to ESRD without having significant micro-
or macroalbuminuria, while some patients with nor-
moalbuminuria or microalbuminuria have advanced
renal pathologic changes indicating that microalbu-
minuria lacks both sensitivity and specificity to detect
HN in early stages'. In animal models of hyperten-
sion, podocyte injury has been noticed in the early
course of nephropathy'®". On the other hand, human
data on podocyte damage and their loss through urine
in patients with CH are scarce. A recent study suggests
that podocyturia occurs in the early stage of hyperten-
sive renal injury and could be a sensitive predictor of
HN. In the same study, urinary podocytes were de-
tected following positive staining of nephrin’. In our
study, u-nephrin levels were estimated in hypertensive
patients with and without clinically proven HN to in-
vestigate the role of u-nephrin in the early diagnosis
of HN. While many studies have focused on various
aspects of the subject, none of them deals entirely with
this particular idea*>”1%. Our study results showed a
significant difference regarding almost all clinical and
biochemical parameters (presented in Tables 1 and 2).
In the study by Poudel ez al., a significant difterence
was found according to age, SBP, DBP, serum creat-
inine, and eGFR among groups of subjects divided
according to UM/CR’. A significant difference was
found regarding u-nephrin among the subgroups of
patients with CH divided according to CKD stage and
subgroups of hypertensive patients divided according
to UM/CR; u-nephrin level also was significantly ele-
vated in the subgroups divided according to UM/CR
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and subgroups divided according to CKD stage com-
pared to healthy controls (p<0.05). Significant differ-
ences in u-nephrin levels between normoalbuminuric
and microalbuminuric hypertensive patients have been
reported in a recent study’. Our results showed that
u-nephrin levels were increasing gradually along with
the stage of CKD and kidney damage, rendering it as
a possible early marker in HN. The severity of renal
injury is usually related to the degree and duration of
elevated blood pressure’. ROC analysis showed high-
er specificity and sensitivity of u-nephrin than micro-
albuminuria in the prediction of HN. Comparably, the
sensitivity, specificity, and positive/negative predictive
values of UM/CR 230 mg/g detection have been re-
ported as 43.6%, 93.6%, 34.6% and 95.5%, respec-
tively, although urine dipstick was used in a recently
reported study®. In the literature, we could not find
data on diagnostic accuracy (sensitivity and specifici-
ty) of u-nephrin in patients with HN. We found that
u-nephrin level was elevated in 78.3% of patients with
normoalbuminuria and 67% of patients in CKD stage
I. These results indicate that nephrin appears in the
urine before microalbumin in the early stage of CKD
related to CH.

A limitation of our study was the relatively small
sample size of the study population and its cross-sec-
tional nature, thus, further follow-up and large re-
search are needed to confirm our results. If further
studies could confirm our results, u-nephrin could be
used in routine laboratory practice as an early diag-
nostic marker of HN in patients with CH. The key
findings of our study were the high percentage of nor-
moalbuminuric patients with CH and hypertensive
patients in CKD stage I who had elevated u-nephrin,
gradual increase of u-nephrin levels with CKD stage,
and higher sensitivity and specificity of u-nephrin in
early detection of HN compared to microalbuminuria.
We conclude that u-nephrin could be a significant,
highly sensitive, and specific marker for early detection

of HN in patients with CH.
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Sazetak

NEFRIN U MOKRACI KAO RANI BIOLOSKI BILJEG HIPERTENZIVNE NEFROPATTJE
1. Kostovska, K. Tosheska Trajkovska, D. Labudovic, O. Kostovski i G. Spasovski

Hipertenzivna nefropatija (HN) je obiljezena bubreznim oSte¢enjem zbog kroni¢no visokog krvnog tlaka. Podociti imaju
presudnu ulogu u patogenezi HB pa bi nefrin mogao biti vazan u ranoj dijagnostici HN. Cilj ovog istrazivanja bio je ispitati
povezanost razina nefrina u urinu (u-nefrin) s klinickim i laboratorijskim znac¢ajkama bolesnika s HN, kao i dijagnosticku
vaznost u-nefrina kao ranog bioloskog biljega HN. U ovu popre¢nu studiju ukljueno je 114 bolesnika, i to 84 bolesnika
s kroni¢nom hipertenzijom (KH) i 30 kontrolnih osoba. Svi bolesnici s KH podijeljeni su prema omjeru mikroalbumina/
kreatinina u mokrac¢i (UM/CR) i prema stadiju kroni¢ne bubrezne bolesti (KBB). Prikupljeni su uzorci mokrace kako bi se
procijenila razina u-nefrina tehnikom ELISA i odredio UM/CR. Uzorci krvi rabili su se za biokemijske analize. Utvrdili smo
povisenu razinu u-nefrina u 78,3% osoba s KH i normalbuminurijom. Razine u-nefrina postupno su rasle sa stadijem KBB.
Krivulja ROC za u-nefrin pokazala je osjetljivost od 89,7% i specifi¢nost od 88,8%, dok je UM/CR pokazao osjetljivost od
44,8% 1 specifi¢nost od 86,1% u otkrivanju HN u ranom stadiju. Zakljucuje se da bi u-nefrin mogao biti koristan kao rani
bioloski biljeg HIN.

Klju¢ne rijeci: Nefrin; Hipertenzivna nefropatija; Podociti; Mikroalbumin; Kronicna bolest bubrega
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