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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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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 
of tubular 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 

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 



148

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 (G1): 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 

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 G1 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 (G1 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 

Characteristic G1 Patients G2 Patients Healthy P value
Age, years 49.50 ±4.18 49.76±3.54 48.93 ±4.62 0.729
BMI, kg/m2 27.17 ±1.19 27.36±1.35 26.49 ±1.27 0.129
Duration of HTN, years 3.2±1.1 A 14.6±3.5 B -- 0.001
Systolic blood pressure, mmHg 149.57 ±5.36A 162.70 ±10.4B 119.76±3.71C 0.001
Diastolic blood pressure, mmHg 94.90±3.35A 102.97±4.87A 79.03±2.61B 0.001
Blood Urea, mg/dl 34.64±2.87A 55.63±6.36B 27.79±4.99C 0.001
Serum Creatinine, mg/dl 1.00±0.07A 1.14±0.11B 0.83±0.07C 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 1. Characteristics of patients and healthy control groups.

Groups AOPP, µmol/l Caspase-3, ng/ml
G1 patients 52.94±6.73A 2.39±0.47A
G2 patients 106.97±10.28B 4.05±0.62B

Control 26.31±2.98C 1.26±0.11C

p-value 0.001** 0.001**
Data expressed as mean

Table 2. Comparison of AOPP and Caspase-3 in patients and healthy control groups.
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Groups eGFR, mL/min/1.73 m² NGAL, ng/ml KIM-1, ng/ml
G1 patients 87.63±3.91A 76.66±8.81A 0.28±0.08A

G2 patients 79.97±8.31B 132.44±14.29B 0.64±0.17B

Control 101.37±5.89C 54.57±8.12C 0.12±0.03C

p-value 0.001** 0.001** 0.001**

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

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 4. Correlation between measured parameters in G1 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 5. Correlation between measured parameters in G2 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 6. ROC curve of measured parameters in G1 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)

Table 7. ROC curve of measured parameters in G2 patient group.
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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 (G1 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 G1 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, (r=-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 

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].

Figure 1. The means level of eGFR (A), NGAL(B), KIM-1(C), and KDI(D) in patients and control groups.
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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 (<5years). 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 

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 
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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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