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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.




REQUIREMENTS

Please note, materials submitted to the Editorial Office Staff are supposed to meet the following requirements:

1. Articles must be provided with a double copy, in English or Russian languages and typed or
compu-ter-printed on a single side of standard typing paper, with the left margin of 3 centimeters width,
and 1.5 spacing between the lines, typeface - Times New Roman (Cyrillic), print size - 12 (referring to
Georgian and Russian materials). With computer-printed texts please enclose a CD carrying the same file titled
with Latin symbols.

2. Size of the article, including index and resume in English, Russian and Georgian languages must
be at least 10 pages and not exceed the limit of 20 pages of typed or computer-printed text.

3. Submitted material must include a coverage of a topical subject, research methods, results,
and review.

Authors of the scientific-research works must indicate the number of experimental biological spe-
cies drawn in, list the employed methods of anesthetization and soporific means used during acute tests.

4. Articles must have a short (half page) abstract in English, Russian and Georgian (including the
following sections: aim of study, material and methods, results and conclusions) and a list of key words.

5. Tables must be presented in an original typed or computer-printed form, instead of a photocopied
version. Numbers, totals, percentile data on the tables must coincide with those in the texts of the
articles. Tables and graphs must be headed.

6. Photographs are required to be contrasted and must be submitted with doubles. Please number
each photograph with a pencil on its back, indicate author’s name, title of the article (short version), and
mark out its top and bottom parts. Drawings must be accurate, drafts and diagrams drawn in Indian ink
(or black ink). Photocopies of the X-ray photographs must be presented in a positive image in tiff format.

Accurately numbered subtitles for each illustration must be listed on a separate sheet of paper. In
the subtitles for the microphotographs please indicate the ocular and objective lens magnification power,
method of coloring or impregnation of the microscopic sections (preparations).

7. Please indicate last names, first and middle initials of the native authors, present names and initials
of the foreign authors in the transcription of the original language, enclose in parenthesis corresponding
number under which the author is listed in the reference materials.

8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
tion available online at: http://www.nlm.nih.gov/bsd/uniform_requirements.html
http://www.icmje.org/urm_full.pdf
In GMN style for each work cited in the text, a bibliographic reference is given, and this is located at the end
of the article under the title “References”. All references cited in the text must be listed. The list of refer-
ences should be arranged alphabetically and then numbered. References are numbered in the text [numbers
in square brackets] and in the reference list and numbers are repeated throughout the text as needed. The
bibliographic description is given in the language of publication (citations in Georgian script are followed
by Cyrillic and Latin).

9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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Abstract.

Background: Uncontrolled Hypertension (UHTN) is a major
cause of rapidly deteriorating kidney function. Typical clinical
indicators often lack the sensitivity necessary for early detection
oftubular changes preceding irreversible damage to the nephrons.
Objective: To evaluate the diagnostic performance of a novel
kidney damage index derived from the integrated values of
Neutrophil gelatinase-associated lipocalin (NGAL) and Kidney
injury molecule-1 (KIM-1), alongside Caspase-3 and Advanced
protein oxidation products (AOPP), focusing on how disease
duration of UHTN influences these molecular signatures of
kidney injury. Methods: 90 participants were categorized
into three groups (n=30): healthy controls, short-term UHTN
(<5 years), and long-term UHTN (>10 years). NGAL, KIM-1,
Caspase-3, and AOPP were quantified using ELISA.

Results: Significant progressive elevations in serum NGAL,
KIM-1, and Caspase-3 were observed in UHTN patients
compared to controls (P<0.05). Conclusion: UHTN triggers
'silent' tubular deterioration. These structural markers offer a
superior diagnostic advantage by detecting subclinical damage
at an early stage of UHTN. The clinical application of these
sensitive biomarkers could be instrumental in preventing the
rapid progression of HTN to overt chronic kidney disease and
avoiding long-term complications.

Key words. Uncontrolled hypertension, neutrophil gelatinase-
associated lipocalin, kidney injury molecule-1, caspase-3,
advanced protein oxidation products.

Introduction.

Hypertension (HTN) is a widespread global problem resulting
from genetic reasons or from an unhealthy lifestyle; it is
considered a chronic medical state characterised by considerably
high blood pressure that constantly flows through vessels,
predominantly leading to gradual damage of multiple organs,
mainly the renal and cardiovascular systems [1]. Uncontrolled
hypertension (UHTN) remains a difficult global health challenge,
with a high prevalence rate, mostly in the countries of the
Eastern Mediterranean [2]. The constant increase in systemic
blood pressure equal to or more than 140/90 mmHg subjects the
microvessels in the kidney to stress, leading to barotrauma, as
a sequence of accelerated nephrosclerosis and tubular atrophy
[3]. This state of hemodynamic instability activates numerous
sequences of molecular changes which occur long before the
clinical symptoms of kidney damage appear [4].

It is well-established that the clinical assessment of kidney
function relies primarily on blood creatinine and urea levels, as
well as the estimated glomerular filtration rate (GFR). However,
considering creatinine as an indicator of kidney injury has several
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limitations, including its inaccurate correlation with eGFR [5].
Furthermore, it is not considered a reliable biomarker for early
detection of kidney damage, as creatinine levels remain within
normal limits until a significant portion of the nephrons are
damaged, leading to permanent impairment of their function.
This delay in diagnosis makes treatment more difficult. [6]

Both neutrophil gelatinase-associated lipocalin (NGAL)
and kidney injury molecule-1 (KIM-1) are novel biomarkers
reflecting renal tubular stress and injury. Therefore, they are
considered promising diagnostic biomarkers [7]. NGAL serves
as an essential component of the innate immune system and acts
as a homeostatic regulator of low-grade inflammation responses
to modulate immunity under physiological conditions. Elevated
NGAL levels associate with the impairment of the kidney;
therefore, it helps to monitor disease progression for patients
with kidney disease [8].

Similarly, KIM-1 is a transmembrane glycoprotein; when the
body is functioning normally, KIM-1 plays an important role in
maintaining the balance of the immune system despite its low
gene expression, but its elevation in blood is closely associated
with the severity of proximal tubule damage in both acute and
chronic kidney injury [9].

On the other hand, UHTN plays a significant role in kidney
damage due to increased oxidative stress resulting from the
overproduction of reactive oxygen species (ROS) [10]. This,
in turn, leads to the oxidation of plasma proteins, resulting in
the formation of advanced protein oxidation products (AOPPs).
AOPPs are biomarkers of protein damage and trigger further
renal inflammation; furthermore, oxidative stress is not limited
to this role; it also sustains a pivotal role in inducing apoptotic
pathways as a result of cell damage [11]. Caspase-3 acts as the
final executive protease of apoptosis, reflecting the final stage of
cellular stress and irreversible tubular cell death [12].

Despite the high prevalence of hypertension, it presents a
clinical challenge in managing its complications, which are
proportional to the duration and severity of the condition.
Therefore, the relationship between UHTN duration and these
biomolecular markers warrants further investigation to clarify
their interrelationship with disease complications. This study
aimed to investigate the levels of specific biochemical markers
for evaluating structural kidney damage, such as NGAL and
KIM-1, in patients with UHTN. Furthermore, the study explored
the interrelationship between these biochemical factors and
the mechanisms of oxidative stress and cellular damage that
result from the hemodynamic instability of UHTN. Finding the
correlation between these biomarkers and disease duration can
establish their early diagnostic accuracy and facilitate better
control to prevent hypertensive complications. The study seeks
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to enable the early detection of subtle renal progression resulting
from UHTN, which is considered the most insidious form of the
condition.

Materials and Methods.

Study design: The study was conducted at Al-Diwaniyah
Teaching Hospital (the Outpatient Clinics of the Internal
Medicine), and at the University of AL-Qadisiyah (College
of Science/Advanced Research Laboratory), during the period
between January and April 2026.

The study included 90 male participants recruited from
hospital visitors, whether healthy or patients, categorised into
three groups (n=30 for each group): Healthy control group
with no history of hypertension and normal renal function
tests. Uncontrolled Hypertensive Group 1 (Gl): Patients
who were diagnosed with hypertension for less than 5 years,
and Uncontrolled Hypertensive Group 2 (G2): Patients who
were diagnosed with hypertension for more than 10 years.
Both patient groups with high blood pressure often had blood
pressure readings>140/90 mmHg; patient groups not suffering
from dyslipidemia depended on the analysis of the lipid profile.

The study protocol, including each procedure related to blood
sample collection and laboratory analyses, was approved by the
Ethical Committee of the College of Science / University of Al-
Qadisiyah (QU/SC-IRB-916/ 20-1-2026). All participants were
fully informed about the study, and written informed consent
was obtained from each individual before enrollment in the
study and sample collection.

Inclusion criteria: Patients with confirmed uncontrolled
hypertension regardless of the type of medication used.

Exclusion criteria: Patients with secondary hypertension,
chronic kidney disease (CKD), diabetes mellitus, inflammatory
disorders, or any malignancy and Autoimmune diseases.

Sample collection and biochemical analysis: Serum obtained
from venous blood after collection in gel tubes, allowed to clot
for 15-20 minutes and then centrifuged at 3600 rpm. Serum was
divided into parts and stored at -20°C for biochemical analysis.
Serum creatinine (Cr) and blood urea (BU) were measured

Table 1. Characteristics of patients and healthy control groups.

Characteristic G1 Patients
Age, years 49.50 +4.18
BMI, kg/m? 27.17 £1.19
Duration of HTN, years 3.2+41.14
Systolic blood pressure, mmHg 149.57 +5.364
Diastolic blood pressure, mmHg 94.90+3.354
Blood Urea, mg/dl 34.64+2.874
Serum Creatinine, mg/dl 1.00+0.074

by an automated analyser (Abbott, USA). Quantification of
Molecular Biomarkers: NGAL, KIM-1, Caspase-3, and AOPP
were quantified using specific ELISA kits according to the
manufacturer's protocols of BT Lab kits (China).

Statistical analysis: The collected data were analysed using
the Statistical Package for the Social Sciences (SPSS) software,
v. 28. The mean levels of biomarkers and differences across
the study cohorts were determined via One-way Analysis of
Variance (ANOVA). Tukey's post hoc test comparisons were
applied to identify specific group differences. Additionally,
correlation analyses were calculated using Pearson's correlation
coefficient to assess the relationship between variables among
groups. The predictive performance of biomarkers was assessed
by calculating the area under the receiver operating characteristic
(ROC) curve. Statistical significance was maintained at p-value
<0.05.

Results.

Regarding age, there was no significant difference between
all groups (P=0.729). The duration of UHTN was significantly
lower in Gl compared to G2 (P=0.001). Regarding blood
pressure, the result shows the mean of both SBP and DBP were
significantly higher in both groups of patients (Gl and G2)
compared to the control group (P>0.05). Also, SBP showed
a significant difference between both groups of patients
themselves (P>0.05). Regarding renal function tests (urea and
Creatinine), results show the mean levels of both biomarkers
were significantly higher in G1 and G2 compared to control
(P<0.05), also between both groups of patients themselves
(P<0.05) (Table 1).

The oxidative stress AOPP and apoptotic Caspase-3 levels
were higher in both groups of patients (G1 and G2) compared to
the control group, and there is a significant difference between
G1 and G2 (P>0.05) (Table 2).

Functional marker (eGFR) and structural markers (NGAL
and KIM-1) were compared in Table 3 and Figure 1. Both
groups of patients exhibited significantly elevated major
parameters (NGAL and KIM-1) levels compared with healthy

G2 Patients Healthy P value
49.76+3.54 48.93 +4.62 0.729
27.36+1.35 26.49 +1.27 0.129
14.6+£3°B -- 0.001
162.70 £10.48 119.76+3.71¢ 0.001
102.97+4.874 79.03+£2.618 0.001
55.63+6.368 27.79+4.99¢ 0.001
1.14+0.118 0.83+0.07¢ 0.001

Means followed by different letters are significantly different according to Duncan’s multiple

range comparisons (DMRT); means followed by the same letter are not significantly different.

Table 2. Comparison of AOPP and Caspase-3 in patients and healthy control groups.

Groups AOPP, pmol/l
G1 patients 52.94+6.734
G2 patients 106.97+10.288
Control 26.31+£2.98¢
p-value 0.001%*

Data expressed as mean
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Caspase-3, ng/ml
2.39+0.4’A
4.05+0.628
1.26+0.11¢
0.001**



Table 3. Comparison of measured parameters in patients and healthy control groups.

Groups eGFR, mL/min/1.73 m? NGAL, ng/ml KIM-1, ng/ml
G1 patients 87.63+£3.9'A 76.66+8.814 0.28+0.08*
G2 patients 79.97+8.318 132.44+14.298 0.64+0.178
Control 101.3745.89¢ 54.57+8.12¢ 0.124+0.03¢
p-value 0.001** 0.001** 0.001**
Table 4. Correlation between measured parameters in GI patient group.

eGFR NGAL KIM-1

r P r P r P
eGFR 1
NGAL -0. 570 0.050 1
KIM-1 -0.510 0.031 0.276 0.061 1
SBP -0. 459 0.044* 0.57 0.042%* 0.45 0.057
DBP -0.280 0.053 0.460 0.0798 0.430 0.082
BMI 0.026 0.890 0.113 0.553 0.092 0.628
Urea -0.493 0.041* 0.094 0.620 0.359 0.051
Creatinine -0.523 0.011* 0.472 0.063 0.656 0.085
AOPP -0.365 0.047* 0.375 0.058 0.238 0.060
Caspase-3 -0.252 0.179 0.417 0.041* 0.679 0.079
Table 5. Correlation between measured parameters in G2 patient group.

eGFR NGAL KIM-1

R P r P r P
eGFR, 1
NGAL -0.577 0.034* 1
KIM-1 -0.427 0.05* 0.514 0.001* 1
SBP -0.574 0. 029* 0. 594 0. 025* 0. 582 0. 042*
DBP -0.380 0.041* 0.301 0. 046* 0.422 0.052
BMI 0.112 0.557 0.183 0.334 0.143 0.450
Urea -0.479 0. 047* 0.334 0.039* 0.393 0. 042*
Creatinine -0.626 0.036* 0.518 0.011* 0.409 0.025%
AOPP -0.353 0.047* 0.274 0.043* 0.216 0.059*
Caspase-3 -0.459 0.034* 0.588 0.039* 0.382 0.037*
Table 6. ROC curve of measured parameters in G1 patient group.
Characteristic eGFR NGAL (ng/ml) KIM-1 (ng/ml)
Cutoff value >94.74 <59.67 <0.133
P value 0.001 0.001 0.001
Sensitivity % 90.0 % 90.0% 83.3 %
Specificity % 93.3 % 86.7 % 86.7 %
PPV % 93.1 % 87.1% 86.2%
NPV % 90.3 % 89.7 % 83.9 %
AUC (95% CI) 0.901 (0.814- 0.986) 0.893 (0.810- 0.976) 0.882 (0.796- 0.968)

CI: Confidence interval, AUC: Area under curve.

Table 7. ROC curve of measured parameters in G2 patient group.

Characteristic eGFR NGAL (ng/ml) KIM-1 (ng/ml)
Cutoff value >94.74 <67.00 <0.132

P value 0.001 0.001 0.001

Sensitivity % 96.7 % 93.3% 93.3%

Specificity % 93.3% 93.3% 90.0%

PPV % 93.5% 93.3 % 90.3 %

NPV % 96.6 % 93.3% 93.1 %

AUC (95% CI) 0.977 (0.946- 1.000) 0.934 (0.883-0.991) 0.911 (0.841- 0.981)
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Figure 1. The means level of eGFR (A), NGAL(B), KIM-1(C), and KDI(D) in patients and control groups.

controls(P>0.05). Also, there is a significant difference between
both groups of patients themselves (P<0.05). The eGFR level
was lower in both groups of patients (Gl and G2) compared to
the control group, and the difference was significant (P<0.05).
Also, there was a significant difference between patient groups
themselves (P<0.05).

Correlation analysis for the Gl group (Table 4) revealed
that NGAL exhibited significant positive correlations with
SBP (r=0.553, P=0.039 and (r=0.570, P=0.042, respectively.
In contrast, eGFR showed a significant inverse correlation
with SBP (r=-0.459, P=0.044). Regarding oxidative and
apoptotic pathways, AOPP demonstrated a significant negative
correlation with eGFR (r=-0.365, P=0.047), while Caspase-3
exhibited significant positive associations with the primary
injury markers, NGAL (r=0.417, P=0.041).

NGAL and KIM-1 were significantly positively correlated
with Urea (r=0.303, 0.334, 0. 393), Creatinine (r=0.575,
0.518, 0.409), and Caspase (r=0.501, 0.588, 0.382) at P<0.05.
Additionally, there is a positive correlation of NGAL with DBP
(r= 0.424, r=0.301) and AOPP (r=0.363, 0.274) at P<0.05. In
contrast there is negative correlation between eGFR with DBP
(r=-0.380), Urea, (1=-0.479), Creatinine (r=-0.626), AOPP (r=-
0.353), and Caspase-3 (r=-0.459), with P<0.05.

In the G2 group (Table 5), the association between blood
pressure and renal injury intensified. SBP maintained strong
positive correlations with KIM-1 (r=0.582, P=0.042), whereas
eGFR was significantly negatively correlated with SBP (r =
-0. 574, P=0.029). Notably, the structural markers (NGAL and
KIM-1) showed robust positive correlations with traditional
indicators Urea and Creatinine as well as the apoptotic marker
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Caspase-3 (P<0.05). Conversely, eGFR demonstrated consistent
negative correlations across all parameters, including DBP
(r=-0.380), Urea (r=-0.479), Creatinine (r=-0.626), AOPP (r=-
0.353), and Caspase-3 r=-0.459), at P<0.05.

Table 6. illustrates the ROC curve of eGFR, NGAL, and
KIM-1. These markers exhibited the highest diagnostic
Discriminatory power from all variables with AUC=0.913 (95%
CI: 0.830-0.994), Exhibited greater predictive accuracy than the
traditional test of eGFR (AUC =0.901), as well as the structural
individual biomarkers NGAL (AUC = 0.893) and KIM-1 (AUC
= 0.882), all findings were reached statistical significance with
a P-value of 0.001.

In Table 7, G2 of the chronic stage of UHTN, eGFR exhibited
the highest diagnostic performance, with an AUC = 0.977 (95%
CI: 0.946-1.000). Nevertheless, NGAL (AUC = 0.934) and
KIM-1 (AUC = 0.911). All results were statistically significant
at P<0.05.

Discussion.

No significant differences were found in age and BMI across
the study groups. This consistency in demographic variables
such as age and weight ensures that they do not influence
biochemical parameters. Renal deterioration is a direct result
of hypertension, not a physiological decline associated with
ageing [13]. Regarding hemodynamic state, results showed both
systolic and diastolic blood pressure were significantly higher
in the two UHTN groups, G1 and G2, compared to the control
group (P<0.05). Furthermore, the large differences in systolic
blood pressure between G1 and G2 (P<0.05) reflect progressive
vascular damage associated with the prolonged duration of
hypertension, resulting in a loss of vascular elasticity [14].



The renal function parameters gradually increased with the
chronicity of hypertension, reflecting a progressive decline
in glomerular filtration competence related to the duration
of HT [15]. Chronic UHTN is considered the major cause
of the deterioration, which is primarily attributed to vascular
remodelling and structural thickening [16]. It is important
to depend on a more sensitive biomarker for early detection,
as creatinine is a late indicator that typically rises only after
approximately 50 % of nephron function deficiency [17].

The increase in AOPP and caspase-3 levels was observed
across the patient groups, which suggests a prolonged duration
of UHTN significantly exacerbates protein oxidation. In turn,
the oxidative stress triggers systemic apoptosis, as evidenced by
the progressive increase of Caspase-3 levels. These results align
with a previous study suggesting that high AOPP levels can
promote podocyte apoptosis, subsequently accelerating renal
tissue damage in hypertension patients [15].

The findings of the present study illustrated an important gap
between functional (eGFR) and structural (NGAL and KIM-1)
biomarkers. In G1, eGFR remained quite preserved, whereas
NGAL and KIM-1 were elevated; this disparity between
functional and structural biomarkers confirms that tubular injury
precedes the decline in glomerular filtration in UHTN patients,
even in the short duration of UHTN, less than five years.

The traditional indicators such as urea and creatinine levels
often stay within a near-normal range until substantial nephron
damage occurs [17,18], whereas results from new markers offer
a more comprehensive assessment of the renal status compared
to the assessment by either marker alone. These findings
support the practical application of these structural markers as a
reliable early warning marker for detecting and revealing early
subclinical damage in hypertensive nephropathy.

Comprehensive correlation analysis revealed that these
structural markers serve as a sensitive indicator of early renal
stress in patients with UHTN, even within a short disease
duration (<Syears). A significant positive correlation between
SBP and these structural markers confirms that early-stage
hemodynamic stress is sufficient to induce structural damage
to renal tubules [19]. Although serum creatinine and eGFR
remained within near-normal ranges, these structural markers
correlated with the concept of 'subclinical acute kidney injury'.
In this state, tubular structural abnormalities precede any
apparent decline in glomerular function [17].

Furthermore, the moderate positive correlation between these
structural markers and Caspase-3 demonstrates a link between
structural damage and apoptosis; consistent with studies
indicating that the kidneys in this chronic stage of hypertension
undergo significant structural remodelling as a result of
programmed cell death [20], and oxidative stress mechanisms
play a key role in induced apoptosis by activation of caspase-3
in hypertension state [21]. Additionally, the inverse relationship
between the oxidative marker AOPP and eGFR highlights the
role of protein oxidation products as mediators of podocyte
injury, contributing to the gradual erosion of the glomerular
filtration barrier [22,23]

The correlation Analysis reflects the cumulative effect of
persistent hypertension for more than 10 years, with the result
showing a clear shift toward chronic renal changes. The strong
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positive correlation between these structural markers and SBP,
along with a strong significant inverse correlation with eGFR,
indicates that chronic UHTN over long periods makes kidney
tissue more susceptible to damage, which in turn facilitates
the constant release of tubular injury markers like NGAL and
KIM-1 [24]. Furthermore, there was a correlation between these
structural markers, serum creatinine and blood urea, suggesting
that the accumulation of the toxic waste products is directly
related to the structural damage detected by these structural
markers.

These structural markers demonstrated a positive correlation
with Caspase-3 and AOPP, reflecting that chronic oxidative
stress stemming from chronic UHTN causes renal cellular
dysfunction, subsequently leading to renal impairment and
apoptosis [25,26]. These structural markers correlated with
these biomarkers and can be considered a robust indicator
reflecting the damage resulting from the interplay between
prolonged UHTN and the gradual decline in eGFR, driven by
hemodynamic changes and continuous oxidative stress.

These structural markers demonstrated superior diagnostic
performance and outperformed all parameters related to the
renal status of UHTN patients suffering for less than 5 years,
such as eGFR, NGAL, and KIM-1. These results highlight that
these structural markers have exceptional efficiency in detecting
subclinical renal insult when the traditional markers such
as creatinine still remain insensitive. Renal damage became
more established with the chronicity of UHTN; therefore, the
diagnostic power of all markers increased in the ROC curve
analysis. These structural markers maintained their robust
accuracy with high sensitivity and specificity. While traditional
markers like eGFR became highly indicative in this advanced
stage, the results consistently demonstrate the important role of
these structural markers as a more sensitive and reliable tool for
identifying hypertensive nephropathy across different disease
stages of UHTN, with particular clinical utility in early-stage
intervention.

Despite integrated molecular evaluation of subclinical renal
injury using NGAL and KIM-1 in uncontrolled hypertension,
several limitations should be acknowledged. The study is
cross-sectional, limiting the determination of the relationships
between the duration of hypertension and the patterns of NGAL
and KIM-1 expression. The assay for NGAL and KIM-1 reflects
tubular injury rather than differentiating between hypertensive
nephrosclerosis or other coexisting glomerular or interstitial
pathologies. Being a single-centre study and the restriction of
samples to males limits the ethnicity and gender generalizability.
Early renal damage or subclinical stages are well correlated
with the levels of NGAL and KIM-1; however, these structural
markers are non-specific and cannot rule out infection, diabetes,
or other chronic systemic diseases.

Conclusion.

Depending on the results, this study concludes that NGAL
and KIM-1 offer important clinical value as an early diagnostic
tool for nephropathy resulting from UHTN, and suggests that
structural tubular damage occurs independently and prior to the
alterations in conventional markers like serum creatinine and
eGFR, particularly in the early stages of HTN. These structural



markers demonstrate high predictive power for identifying
subclinical renal impairment, facilitate early diagnosis, enable
timely intervention, and ensure better control of disease
progression.
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