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Aim: to analyze histological kidney features in patients with chronic glomerulonephritis (CGN) with and without arterial hyper-
tension (AH) and to assess the relationship between serum cystatin C, neutrophil gelatinase-associated lipocalin (NGAL), and
interleukin-18 (IL-18) levels and histological signs of glomerular and tubulointerstitial kidney injury in patients with preserved
renal function.

Material and methods. This observational study included 219 patients with biopsy-proven CGN and preserved renal function.
Patients were stratified into two groups: CGN with AH (n = 149) and CGN without AH (n = 70). A control group consisted of 60
apparently healthy individuals. Serum levels of cystatin C, NGAL, and IL-18 were measured using enzyme-linked immuno-
sorbent assay. Renal biopsy specimens were evaluated using standard semi-quantitative criteria. Statistical analyses included
group comparisons, Spearman’s rank correlation and receiver operating characteristic curve analysis.

Results. Patients with CGN and AH demonstrated significantly higher serum levels of IL-18, cystatin C, and NGAL compared
with patients without AH and controls (p < 0.05). Median IL-18 levels were highest in the CGN with AH group, followed by
the CGN without AH group and controls. Similar patterns were observed for cystatin C and NGAL. Serum cystatin C levels
correlated with histological markers of glomerular injury, whereas NGAL and IL-18 were associated with tubulointerstitial
damage. Biomarker elevations were more pronounced in patients with concomitant AH.

Conclusions. A serum multimarker approach combining cystatin C, NGAL, and IL-18 effectively reflects compartment-specific
glomerular and tubulointerstitial kidney injury in patients with CGN and preserved renal function. Arterial hypertension significantly
enhances biomarker expression and structural kidney damage, supporting the clinical value of multimarker strategies for non-
invasive assessment of renal injury in CGN.

ManeAb cupoBaTKOBUX GiomapkepiB AN HeiHBa3UBHOI OLIHKN TAOMEPYAAPHOTO
Ta TYOYAO-iHTePCTULIIAAbHOrO YIIKOAXKEHHA HUPOK Y NauieHTiB
i3 XpPOHIUHUM rAoMepyAOHePpPUTOM 3 apTepiaAbHOLO rinepTeHsicto Ta 6e3 Hei
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Merta pobotn — npoaHaniayBaTi ricTonoriyHi 0COBNIMBOCTI HAPOK Y MaUieHTIB i3 XPOHIYHUM rnomepynoHedputom (XIH) 3
apTepianbHoto rineptensieto (AlN) Ta 6e3 Hei, @ TakoX OLHUTM 3B’A30K MiX PIBHSMM CUPOBATKOBOrO LcTaTuHy C, ninokaniHy,
acouinoBaHoro 3 xenatuHasoto Hentpodinis (NGAL), Ta iHTepnieikiHy-18 (IL-18) i ricTonoriyHnmMm 03Hakamm rnomepynsipHoro
Ta TyOyno-iHTEPCTULIANBHOTO YLUKOMKEHHS Y NaLiEHTIB 3i 30epeeHO (DYHKLIEID HUPOK.

Marepianu i metoau. ObctexkeHo 219 nauieHTis i3 BionciiHo ninTeepmkeHm XI'H Ta 36epexeHoro dyHKLUie HUPOK. MNavieHTiB
noginunun Ha agi rpynu: XMH 3 Al (n = 149) Ta XI'H 6e3 Al (n = 70). [lo KOHTPOmbHOI rpynu 3anyyeHo 60 yMOBHO 30,0pOBUX
ocib. PieHi unctatuHy C, NGAL Ta IL-18 Bu3HayeHo imyHodepmeHTHUM MeTogom (ELISA). 3paskw Gioncii Hupku ouiHeHo 3a
CTaHZAPTHUMY HaniBKINbKICHMK KpuTepisMu. CTaTUCTUYHUIA aHani3 nepenbayaB NOPIBHAHHA rpyn, KOPENAUAHWA aHani3
CnipmeHa Ta ROC-aHanis.

Pesyabraru. Mauientn 3 XI'H 1a Al Manm gocToBipHO BuLi piBHi IL-18, umctatnHy C Ta NGAL nopiBHsiHO 3 naujieHTamu 6e3
AT i rpynoto koHTponto (p < 0,05). Megiana pieHst IL-18 HavBuwwa B rpyni XI'H 3 AT, Hwkua y rpyni XI'H 6e3 AT, HalHmkya — B
KOHTponi. AHanorivHi natepHn 3adikcoBaHo ans unctatnHy C ta NGAL. PiBeHb cupoBaTkoBoro uuctatuHy C kopentoBas i3
MapKepamu rromepynsipHoro ywkomkeHHs, a NGAL Ta IL-18 acouitoBanucs 3 Ty6yno-iHTepcTuLiansHnm ypaxkeHHsm. Mig-
BULLIEHHS piBHIB GiomapkepiB OinbLL BUpaxeHe Y NaLieHTiB i3 CynyTHLO ATl

BucHoBku. MynsTumapkepHuii nigxia, wo noeaHye unctatnd C, NGAL Ta IL-18, ehekTBHO XapakTepuaye KOMnapTMeHT-cre-
LmchivHe rnomepynsipHe Ta Tybyno-iHTepcTuuianbHe YIWKOMKEHHS HUPOK Y navlieHTiB i3 XIH i 36epeeHot (hyHKLIE HUPOK.
ApTepianbHa rinepTeH3is 3Ha4HO NOCUITIOE eKCPECito GioMapKepiB | CTPYKTYPHE YpayKeHHs! HUPOK, L0 MIATBEPIKYE KNiHIYHY
LiHHICTb MyNbTUMapKepHWX CTpaTerin Ans HeiHBa3BHOTO OLIHIOBAHHS HUPKOBOTO YLLKOMKEHHS npu XIH.
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Chronic glomerulonephritis (CGN) remains a major cause
of chronic kidney disease (CKD) worldwide and is associ-
ated with substantial morbidity, particularly among patients
of working age. Importantly, structural kidney damage may
already be present at early stages of CGN, even when
glomerular filtration rate (GFR) is preserved, contributing
to long-term disease progression and adverse outcomes
[1,2]. In this context, the identification of non-invasive bio-
markers capable of reflecting subclinical glomerular and
tubulointerstitial injury is of significant clinical importance.

Renal biopsy is considered the gold standard for
assessing histopathological changes in CGN, providing
essential information on disease activity, chronicity, prog-
nosis, and therapeutic decision-making [3]. However, the
invasive nature of biopsy, limited repeatability, and poten-
tial complications restrict its routine use, particularly for
longitudinal monitoring. These limitations have stimulated
increasing interest in circulating biomarkers that may
serve as surrogates for histological kidney injury [4,5,6].

Traditional laboratory parameters, including serum
creatinine, estimated GFR, and proteinuria, have well-rec-
ognized limitations in detecting early kidney damage.
Serum creatinine is influenced by non-renal factors and
lacks sensitivity in patients with preserved renal function,
while proteinuria demonstrates limited specificity for the
underlying structural lesions [5,7,8]. Consequently, con-
temporary nephrology has increasingly focused on bio-
markers that reflect distinct compartments of renal injury.

Cystatin C has emerged as a sensitive marker of glo-
merular dysfunction and structural damage. Beyond its role
as an alternative marker of GFR, elevated serum cystatin C
levels have been associated with glomerulosclerosis and
increased renal risk, even in patients with preserved renal
function [7,8]. These properties make cystatin C a valuable
indicator of early glomerular injury in CGN.

In parallel, biomarkers of tubular and tubulointerstitial
injury have attracted growing attention, given the pivotal
role of tubulointerstitial damage in CKD progression. Neu-
trophil gelatinase-associated lipocalin (NGAL) is widely
recognized as a marker of tubular injury and interstitial
fibrosis. Initially investigated in the setting of acute kidney
injury, NGAL has subsequently demonstrated diagnostic
and prognostic relevance in chronic kidney diseases,
including glomerulonephritis [9,10]. Elevated serum
NGAL levels have been associated with tubulointerstitial
structural alterations and disease severity, independent
of conventional renal function measures [6].

Interleukin-18 (IL-18), a pro-inflammatory cytokine
involved in innate and adaptive immune responses, has
also been implicated in kidney injury. Experimental and
clinical data indicate that IL-18 contributes to tubular
epithelial cell damage and inflammatory processes within
the renal interstitium. Increased circulating levels of IL-18
have been linked to tubular injury and fibrosis, support-
ing its potential role as a biomarker of tubulointerstitial
involvement in CGN [11,12].

While individual biomarkers provide valuable informa-
tion, accumulating evidence suggests that a multimarker
approach may offer superior diagnostic performance
compared with single-marker strategies. Given the
heterogeneous nature of CGN, no single biomarker can
comprehensively reflect the full spectrum of glomerular
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and tubulointerstitial injury. The combined assessment
of markers reflecting different structural compartments
of the kidney may therefore improve non-invasive evalu-
ation and strengthen correlations with histopathological
findings [4,6,13].

Arterial hypertension (AH) represents a critical mod-
ifier of disease severity in CGN and is closely associated
with accelerated structural kidney damage. Patients
with CGN and concomitant hypertension frequently ex-
hibit more pronounced glomerular and tubulointerstitial
lesions, emphasizing the importance of accounting for
blood pressure status when interpreting biomarkers of
renal injury [14,15].

Despite growing interest in non-invasive biomarkers,
data integrating serum cystatin C, NGAL, and IL-18 within
a unified, histology-correlated framework in patients with
CGN and preserved renal function remain limited. In par-
ticular, the combined evaluation of glomerular and tubular
injury markers in relation to renal histopathology and
arterial hypertension has not been sufficiently explored.

Aim

To analyze histological kidney features in patients with
CGN with and without arterial hypertension and to assess
the relationship between serum cystatin C, neutrophil
gelatinase-associated lipocalin, and interleukin-18 levels
and histological signs of glomerular and tubulointerstitial
kidney injury in patients with preserved renal function.

Material and methods

This observational study included a total of 219 patients
with biopsy-proven CGN who were examined at Munic-
ipal Nonprofit Enterprise Zaporizhizha Regional Clinical
Hospital of Zaporizhzhia Regional Council. The diagnosis
of CGN was established based on clinical presentation,
laboratory findings and renal histopathology. All included
patients had preserved renal function.

Patients were stratified into two clinical groups accord-
ing to the presence or absence of AH: Group 1 (CGN with
AH) included 149 patients, of whom 101 were men and
48 were women; Group 2 (CGN without AH) included 70
patients, including 52 men and 18 women.

A control group of 60 apparently healthy individuals
without a history of kidney disease, AH, diabetes mellitus
or cardiovascular disorders was included for comparison
of serum biomarker levels. Hemoglobin and total choles-
terol levels were within normal reference ranges.

Arterial hypertension was defined as systolic blood
pressure 2140 mmHg and/or diastolic blood pressure
>90 mmHg, or current use of antihypertensive medication.

Inclusion criteria: age 218 years; biopsy-con-
firmed diagnosis of CGN; preserved renal function,
defined as estimated glomerular filtration rate (eGFR)
>60 mL/min/1.73 m?; availability of renal biopsy material
suitable for histopathological evaluation.

Exclusion criteria: acute kidney injury or rapidly pro-
gressive glomerulonephritis; diabetes mellitus; systemic
inflammatory or autoimmune diseases other than CGN;
active infection or malignancy; advanced chronic kidney
disease (eGFR <60 mL/min/1.73 m?).
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Table 1. Baseline clinical and laboratory characteristics of the study population

Parameter, units of measurement CGN with AH, CGN without AH, | Control,
n =149 n=70 n =60

Age, years

Male, n (%)

Female, n (%)

Disease duration, months
Nephrotic syndrome, %
Urinary syndrome, %
Remission, %
Proteinuria >1 g/day, %
Proteinuria, g/day
Hemoglobin, g/L

Serum albumin, g/L
Total cholesterol, mmol/L
Serum creatinine, pmol/L
Serum urea, mmol/L

eGFR (CKD-EPI), mL/min/1.73 m?

34.6+3.4 39.248.1 32842
101 (67.8) 52 (74.3) 42 (70.0)
48 (32.2) 18 (25.7) 18 (30.0)
96.5+7.8 493472 -

10 - -

88 - -

- 71 -

8 — —
1.1£0.1 0.3+0.02 -

1324 £1.1 1355405 =
422105 450403 -
54403 48403 =
101.2£3.0 95.1£2.0 -
55£0.2 56101 -
90.5+2.0 92.042.2 -

Data are presented as mean + SD or n (%).
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All participants underwent standardized clinical
evaluation, including medical history and blood pressure
measurement. Routine laboratory testing included serum
creatinine, blood urea nitrogen, serum albumin, lipid
profile and daily proteinuria assessment.

Estimated glomerular filtration rate was calculated
using the CKD-EPI equation. Renal function parameters
were assessed at the time of blood sampling for biomarker
analysis.

Measurement of serum biomarkers. Serum concen-
trations of cystatin C, NGAL, and IL-18 were measured
using commercially available enzyme-linked immuno-
sorbent assay kits (IL-18 — Bender Medsystems (Aus-
tria); cystatin C, NGAL — BioVendor (Czech Republic)
according to the manufacturers’ protocols. All samples
were analyzed in duplicate, and mean values were used
for statistical analysis.

Renal biopsy was performed using a percutaneous
ultrasound-guided technique according to standard clin-
ical practice. Biopsy specimens were fixed in buffered
formalin, embedded in paraffin, and processed for light
microscopic evaluation.

Histopathological analysis of renal biopsy specimens
was performed at the Laboratory of Pathohistological and
Immunohistochemical Diagnostics of the Educational
and Scientific Medical Center “University Clinic” of Zapo-
rizhzhia State Medical and Pharmaceutical University
under the supervision of Professor Valerii O. Tumanskyi,
MD, PhD, DSc.

Glomerular and tubulointerstitial injury was evaluated
using light, immunofluorescence, and electron microscopy
blinded to biomarker data. Serial sections were stained
with hematoxylin and eosin, Masson’s trichrome, Van
Gieson, periodic acid—Schiff (PAS), and periodic acid —
methenamine silver (PAMS).

Histological assessment focused on parameters
reflecting glomerular and tubulointerstitial injury. Glomer-
ular lesions were evaluated using the following criteria:
mesangial cellularity score; expansion of mesangial
matrix; presence of glomerulosclerosis; endocapillary
hypercellularity; thickening of the glomerular basement
membrane; presence of fibrocellular crescents.

https://pat.zsmu.edu.ua

Tubulointerstitial lesions were assessed based on
dystrophic and necrotic changes in tubular epithelial cells;
thickening of the tubular basement membrane; interstitial
inflammatory infiltration; interstitial fibrosis.

Histological findings were graded according to stand-
ard semi-quantitative criteria.

Statistical analysis was performed using SPSS
software (version 17.0; SPSS Inc., Chicago, IL, USA).
Continuous variables were tested for normality using
the Shapiro-Wilk test. Data with normal distribution
were expressed as mean + standard deviation, while
non-normally distributed variables were presented as
median with interquartile range (25";75" percentile).
Categorical variables were reported as counts and
percentages. Comparisons between groups (CGN
with AH vs. CGN without AH) were conducted using
the Student’s t test or Mann—-Whitney U test, as appro-
priate. Comparisons between patient groups and the
control group were performed using one-way analysis of
variance (ANOVA) or the Kruskal-Wallis test with post
hoc analysis. Associations between serum biomarker
levels (cystatin C, NGAL, and IL-18) and histopatho-
logical parameters were evaluated using Spearman’s
rank correlation coefficient. Diagnostic performance of
serum biomarkers for the detection of specific histo-
logical lesions was assessed using receiver operating
characteristic curve analysis. Sensitivity, specificity,
and area under the curve (AUC) were calculated, and
optimal cut-off values were identified using the Youd-
en index. A two-sided p value <0.05 was considered
statistically significant.

Results

Baseline clinical and laboratory characteristics. The study
included 219 patients with biopsy-proven CGN. Among
them, 149 patients had AH (101 men and 48 women),
while 70 patients had CGN without AH (52 men and
18 women). A control group consisted of 60 apparently
healthy individuals (42 men and 18 women).

In the CGN with AH group, the mean age was
34.6 £ 3.4 years, and the mean disease duration was
96.5 + 7.8 months. In patients with CGN without AH, the
mean age was 39.2 + 8.1 years, with a mean disease
duration of 49.3 + 7.2 months. The mean age of the control
group was 32.8 + 4.2 years.

In the CGN with AH group, nephrotic syndrome was
observed in 10 % of patients, while urinary syndrome
was present in 88 %. Proteinuria exceeding 1 g/day was
detected in 8 % of cases, with a mean daily proteinuria
of 1.1 £ 0.1 g/day.

In the CGN without AH group, clinical remission was
documented in 71 % of patients, and mean daily protein-
uria was significantly lower (0.30 + 0.02 g/day).

Routine laboratory parameters demonstrated pre-
served renal function in both patient groups. Hemoglobin,
serum albumin, cholesterol, creatinine, urea levels, and
eGFR (CKD-EPI) were within ranges consistent with
preserved kidney function, with no clinically meaningful
differences between groups (Table 1).

Histopathological examination revealed that 91 % of
patients had mesangial proliferative glomerulonephritis,
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Fig. 1. Renal biopsy specimen from a patient with chronic glomerulonephritis and arterial hypertension.

Fig. 2. Renal biopsy specimen from a patient with chronic glomerulonephritis without arterial hypertension.

5 % membranous nephropathy, and 4 % membranous
proliferative glomerulonephritis. Renal biopsy analysis
revealed distinct differences in the severity of glomerular
and tubulointerstitial lesions between patients with CGN
with and without AH.

The glomerulus demonstrates pronounced diffuse
mesangial cell proliferation with marked expansion of
the mesangial matrix, leading to compression of capil-
lary lumina. Thickening and structural irregularity of the
glomerular basement membrane were evident. Features
of extracapillary proliferation with crescent formation may
be observed, indicating advanced and active glomerular
injury. Light microscopy, hematoxylin and eosin / PAS
staining, x400.

The microscopic findings in patients with CGN without
AH differed from those of the previous group and showed
the following features: focal mesangial cell proliferation
was identified in 66 % of patients, and a moderate
degree of mesangial cell proliferation was observed
in 70 % of patients. Focal expansion of the mesangial
matrix was noted in 52 % of patients, and the presence
of glomerulosclerosis was confirmed in only 10 % of
patients. Thickening of peripheral capillary loops and/
or their adhesion to Bowman’s capsule was detected in
26 % patients, thickening and/or splitting of the glomerular
basement membrane in 59 % patients, and an extracap-
illary component within the lumen of Bowman'’s capsule
was observed in 16 % patients. Fibrous crescents were
absent. Fig. 2demonstrated a milder pattern of glomerular
injury in patients with CGN without AH.

The glomerulus showed moderate focal mesangial
cell proliferation with limited expansion of the mesangial
matrix. The overall glomerular architecture was relatively
preserved, with less pronounced basement membrane
alterations and absence of extracapillary crescent for-
mation, reflecting a milder pattern of glomerular injury
compared to patients with concomitant arterial hyper-
tension. Light microscopy, hematoxylin and eosin / PAS
staining, x400.

Allindicators of glomerular apparatus injury and their
statistical analysis were presented in Table 2.

Matonoria. Tom 23, Ne 2(67), TpaBeHb - ceprieHb 2026 p.

Tubulointerstitial structural damage in CGN. The
morphological findings in the group of patients with CGN
and AH were characterized by the presence of tubular
dystrophic changes of varying severity in 94 % of patients.
In contrast, in the group of patients with CGN without AH,
dystrophy of the tubular epithelium was detected in only
13 % of patients.

Renal biopsy specimens from patients with CGN and
AH were characterized by necrotic changes of the tubular
epithelium in 35 % of patients, thickening and/or splitting
of the tubular basement membrane in 54 % of patients,
cellularinfiltrates in 17 % of patients, and interstitial fibrosis
in 97 % of cases.

Patients with CGN without AH demonstrated different
features: necrosis of the tubular epithelium was observed
in 13 % of patients, thickening and/or splitting of the tu-
bular basement membrane in 29 % of patients, interstitial
fibrosis in 14 % of patients, and cellular infiltrates in 13 %
of patients. Interstitial fibrosis was present in almost all
patients with CGN and AH, being focal in 45 % and
diffuse in 55 % of cases. In the group of patients with
CGN without AH, the presence of focal interstitial fibrosis
was confirmed in only 13 % of patients. All indicators of
tubulointerstitial tissue injury and their statistical analysis
were presented in Table 3.

These findings indicate that AH was associated with
more severe and diffuse glomerular and tubulointerstitial
structural damage in CGN, even in the presence of
preserved renal function. In patients with CGN and AH,
the severity of glomerular injury was accompanied by
pronounced tubulointerstitial damage, indicating a close
structural interrelationship between these compartments.
In contrast, in patients without AH, glomerular and tubu-
lointerstitial lesions were less severe and showed a more
focal and dissociated pattern.

Serum levels of cystatin C, NGAL, and IL-18 dif-
fered significantly between patient groups and controls
(Table 4).

Median serum IL-18 concentrations were highest in
patients with CGN and AH (804.2 [748.6; 991.0] pg/mL),
followed by patients with CGN without AH (120.6 [66.5;
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Table 2. Glomerular changes of the kidneys according to the results of morphological examination in patients with CGN

Results of satistcal analysis _Interpretation of results

Mesangial cell proliferation ¥?=14.9;p<0.05 More pronounced in patients with CGN and AH
¥>=18.5;p <0.05
¥x?=18.3;p<0.05
¥?=7.3;p<0.05
Thickening of peripheral capillary loops and/or their adhesion to Bowman’s capsule  x2=5.5; p > 0.05
Thickening and/or splitting of the glomerular basement membrane x2=14.9;p <0.05

Expansion of the mesangial matrix More pronounced in patients with CGN and AH

Glomerulosclerosis More pronounced in patients with CGN and AH
More pronounced in patients with CGN and AH
No statistically significant differences were found

More pronounced in patients with CGN and AH

Presence of fibrous crescents

Table 3. Tubulointerstitial changes of the kidneys according to the results of morphological examination in patients with CGN

Results of stastical analysis _Interpretation of resuits

Dystrophic changes of the tubular epithelium ¥?=40.9;p<0.05 More pronounced in patients with CGN and AH
Necrotic changes of the tubular epithelium ¥2=4.1;p<0.05 More pronounced in patients with CGN and AH
Thickening and/or splitting of the tubular basement membrane X2=9.5,p<0.05 More pronounced in patients with CGN and AH
Presence of cellular infiltrates ¥x2=0.73; p>0.05 No statistically significant differences were found

Interstitial fibrosis ¥x?=63.8; p<0.05 More pronounced in patients with CGN and AH

Table 4. Serum biomarker levels in patients with chronic glomerulonephritis and controls

Parameter, units of measurement CGN with AH, n =149 CGN without AH, n =70 Control, n = 60

Interleukin-18, pg/mL 804.2 [748.6; 991.0] 120.6 [66.5; 603.6] 78.1[60.1; 92.8]
Cystatin C, ng/mL 1804.2 [1223.6; 2014.9] 1063.6 [933.1; 1303.6] 992.1 [560.1; 1092.8]
NGAL, ng/mL 7.8[4.9;8.1] 42[3.8,7.0] 22[0.9; 2.8]

Data were presented as median [interquartile range].

114

603.6] pg/mL), and were lowest in the control group (78.1
[60.1; 92.8] pg/mL). Serum IL-18 levels were significantly
higher in the CGN with AH group compared with both the
CGN without AH group and controls (p < 0.05).

Median serum cystatin C levels were significantly
elevated in patients with CGN and AH (1804.2 [1223.6;
2014.9] ng/mL) compared with patients without AH
(1063.6[933.1; 1303.6] ng/mL) and controls (992.1 [560.1;
1092.8] ng/mL), p < 0.05.

Similarly, serum NGAL concentrations were highest
in the CGN with AH group (7.8 [4.9; 8.1] ng/mL), inter-
mediate in patients with CGN without AH (4.2 [3.8; 7.0]
ng/mL) and lowest in the control group (2.2 [0.9; 2.8]
ng/mL). Differences between groups were statistically
significant (p < 0.05).

Overall, patients with CGN and concomitant AH
exhibited the highest levels of all investigated serum
biomarkers, indicating more pronounced glomerular and
tubulointerstitial injury.

Correlation between serum biomarkers and histologi-
cal findings. Spearman’s rank correlation analysis demon-
strated significant associations between serum biomarker
levels and histopathological indicators of kidney injury.

Serum cystatin C levels correlated with markers of
glomerular damage, including glomerulosclerosis and
mesangial matrix expansion. Serum NGAL and IL-18
levels showed significant correlations with indices of tubu-
lointerstitial injury, particularly dystrophic tubular changes
and interstitial fibrosis. These associations were stronger
in patients with CGN and AH, supporting the role of arterial
hypertension as a modifier of structural kidney damage.

Diagnostic performance of serum biomarkers. Receiv-
er operating characteristic curve analysis demonstrated
good diagnostic performance of serum cystatin C, NGAL
and IL-18 for the identification of specific histological
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lesions. Each biomarker showed high sensitivity and
specificity for its corresponding compartment of renal
injury, with the highest diagnostic accuracy observed in
patients with CGN and AH.

Discussion

The present study demonstrated that CGN accompanied
by AH wajs associated with significantly more pronounced
structural kidney damage compared with normotensive
CGN, even in the presence of preserved renal function.
Morphological analysis revealed diffuse mesangial prolif-
eration, expansion of the mesangial matrix, glomeruloscle-
rosis, and pronounced tubulointerstitial injury in patients
with concomitant hypertension. These findings support the
concept that AH acts as an important modifier of structural
kidney damage in chronic glomerular diseases.

Our results were consistent with previous studies
demonstrating the key role of hypertension in accelerating
renal structural remodeling. Bazzi et al. reported that AH
in patients with CGN was associated with increased se-
verity of glomerulosclerosis and tubulointerstitial fibrosis,
contributing to faster disease progression [15]. Similar
observations have been described in studies of CKD,
where elevated intraglomerular pressure and microvascu-
lar injury promote progressive structural damage of both
glomerular and tubular compartments [5,16].

An important finding of the present study is the
close relationship between serum biomarker levels and
histological indicators of kidney injury. Serum cystatin C
levels showed significant associations with markers of
glomerular damage, including glomerulosclerosis and
mesangial matrix expansion. Previous studies have
demonstrated that cystatin C is a sensitive marker of
early renal dysfunction and structural kidney injury, often
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detecting pathological changes earlier than conventional
markers such as serum creatinine or estimated GFR[7,8].

In contrast, NGAL and IL-18 were primarily associated
with tubulointerstitial injury. NGAL was widely recognized
as a marker of tubular epithelial damage and has been
shown to correlate with the severity of tubulointerstitial
fibrosis and inflammation in both acute and CKD [2,10].
Recent investigations have confirmed that elevated NGAL
levels may reflect ongoing tubular stress and structural
remodeling even in patients with relatively preserved
renal function [9].

Interleukin-18 represented another important bio-
marker reflecting inflammatory mechanisms of kidney
injury. Experimental and clinical studies indicated that
IL-18 contributes to inflammatory activation of tubular
epithelial cells and the development of interstitial fibrosis
[12]. Increased circulating IL-18 concentrations have been
observed in various forms of kidney disease and were
associated with progression of renal structural damage.

The combined evaluation of cystatin C, NGAL, and IL-18
provided a more comprehensive assessment of renal injury
compared with single-marker strategies. Recent studies
emphasize that multimarker approaches may improve the
non-invasive assessment of kidney pathology by simulta-
neously reflecting different structural compartments of the
kidney [4,17]. In patients with CGN, such strategies may be
particularly valuable for identifying early structural damage
when conventional markers remain within normal ranges.

Another important observation of the present study
was that hypertension amplifies both morphological
lesions and biomarker expression. Patients with CGN
and AH demonstrated higher levels of all investigated
biomarkers together with more pronounced histological
abnormalities. This finding supports the concept that
hypertension not only reflects disease severity but may
also actively contribute to structural kidney injury through
hemodynamic stress, endothelial dysfunction, and inflam-
matory activation [1,14].

Several limitations of the study should be acknowl-
edged. First, the cross-sectional design did not allow as-
sessment of longitudinal changes in biomarker levels and
structural kidney damage. Second, renal biopsy, although
considered the reference standard for histopathological
evaluation, is subject to sampling variability. Nevertheless,
the relatively large cohort of biopsy-confirmed CGN pa-
tients and the use of standardized histopathological evalu-
ation strengthen the validity of the observed associations.

Overall, the results of the present study supported
the clinical value of a multimarker approach for the
non-invasive assessment of renal injury in patients with
CGN. Integration of serum cystatin C, NGAL, and IL-18
into diagnostic strategies may improve early detection
of structural kidney damage and help identify patients at
increased risk of disease progression [5,18].

Conclusions

1. This study demonstrated that a serum multimarker
approach combining cystatin C, NGAL, and IL-18 provides
an effective non-invasive assessment of glomerular and
tubulointerstitial kidney injury in patients with CGN and
preserved renal function. Elevated levels of these bio-
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markers were associated with histological evidence of
structural kidney damage, despite relatively preserved
conventional renal function parameters.

2. Patients with AH exhibited significantly higher bio-
marker concentrations and more pronounced histopatho-
logical alterations, highlighting the role of hypertension as
a key modifier of renal injury in CGN. The differential asso-
ciations of cystatin C with glomerular damage and NGAL
and IL-18 with tubular and tubulointerstitial injury supported
the concept of compartment-specific biomarker profiling.

3. Overall, the integration of serum cystatin C, NGAL,
and IL-18 into a multimarker panel may enhance early
detection and characterization of renal injury in CGN and
represent a promising tool for non-invasive evaluation,
particularly in patients with preserved renal function and
limited indications for repeated renal biopsy.
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