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ABSTRACT

Background & objective: Hypertensive nephropathy is a major global health concern, contributing to significant
morbidity and mortality. Early detection of kidney damage using specific biomarkers can aid in timely intervention
and improved patient outcomes. This study aimed to assess the diagnostic potential of serum Kidney Injury Molecule-
1 (KIM-1) as a biomarker for the early detection of nephropathy in hypertensive patients and its role in the
progression of the disease.

Materials and Methods: This study comprised 135 participants aged between 35 and 70 years, categorized into three
groups: 45 healthy individuals (control group), 45 hypertensive patients without clinically diagnosed nephropathy
(HP), and 45 hypertensive patients with clinically diagnosed nephropathy (HNP). The biomarker KIM-1 was measured
using enzyme-linked immunosorbent assay (ELISA). The study was conducted at Al-Sadr Teaching Hospital and Al-
Najaf Teaching Hospital.

Result: The HNP group had a mean KIM-1 level of 4.44 + 1.98 ng/mlL, significantly higher than both the HP group,
which had a mean of 1.55 £ 0.57 ng/mL, and the control group, which had a mean of 1.21 + 0.26 ng/mL. The
comparison yielded a P < 0.001, indicating a significant difference among the three groups, the highest in
hypertensive nephropathy compared to hypertension and control groups.

Conclusion: According to our results, KIM-1 is a potential biomarker for early detection and prognosis monitoring of
hypertensive nephropathy. Further studies are needed to validate its clinical utility and prognostic value in larger
patient cohorts.

Abbreviations: ACR: urine albumin-to-creatinine ratio, CKD: chronic kidney disease, ESRD: end-stage renal disease,
HNP: Hypertensive nephropathy, KIM-1: Kidney Injury Molecule-1, TIM: T-cell immunoglobulin and mucin domain
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1.1 NTRO DU CTI ON individuals is estimated to be approximately 34.97% (2).

Hypertensive nephropathy (HNP) refers to kidney This prevalence differs by region, with South America
damage caused by prolonged hypertension, which might  experiencing the highest rate at 60.10% and Europe the
lead to a reduction in its functionality that may lead to ~ lowest at 28.23%.> Hypertension induces structural
end-stage renal disease (ESRD).! The global prevalence ~ changes in the kidney, affecting the vasculature,
of chronic kidney disease (CKD) among hypertensive glomeruli, and tubules.* HN often progresses silently,
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with many patients remaining asymptomatic and thus not
seeking regular medical evaluations. Consequently, by
the time of their initial medical examination, a
significant number already have CKD in its early stages.
Once clinical symptoms or routine test abnormalities
become apparent, substantial renal damage may have
already occurred. While HN can develop in individuals
newly diagnosed with hypertension, its clinical
manifestations typically emerge after 10 to 15 years of
sustained high blood pressure. Therefore, early detection
of HN is crucial to prevent further kidney damage and
manage the condition effectively.*

Kidney Injury Molecule-1 (KIM-1), also known as T-cell
immunoglobulin and mucin domain 1 (TIM-1) is “a type
I transmembrane glycoprotein that belongs to the T-cell
immunoglobulin and mucin domain (TIM) family of
proteins”. KIM-1 is expressed by both immune and
epithelial cells, in contrast to other members of the TIM
family. Its expression is mostly noticed in proximal
tubular epithelial cells following kidney injury,
rendering it a vital biomarker for identifying renal
damage.>® People with normal renal function do not
have KIM-1 in their tubular cells. On the other hand,
KIM-1 levels are higher in urine and plasma samples
from patients with kidney injury, where the cells of
tubular epithelium undergo high differentiation and
proliferation.” KIM-1 is significantly upregulated in both
acute kidney injury and chronic kidney disease , where it
plays a crucial role in apoptotic cell clearance, reducing
inflammation, and contributing to tissue remodeling.> It
plays a vital role in the removal of apoptotic cells,
lowering inflammation, and promoting tissue
remodeling. Recent studies indicate that KIM-1 may also
serve as a potential biomarker for predicting how CKD
will progress.®

Our study aimed to indicate whether KIM-1 is a
predictive diagnostic molecule for nephropathy in
hypertensive patients.

2. METHODOLOGY

This case-control study was conducted at Al-Sadr
Teaching Hospital and Al-Najaf Teaching Hospital. The
research will begin in September 2024 and go until
March 2025. The research, followed a protocol
authorized by a local ethics committee at “Al-Furat Al-
Awsat Technical University/College of Health and
Medical Techniques/Kufa and Al-Najaf Health
Directorate” under reference number (34578) dated
2024-9-16.

The study included 135 participants, aged 35 to 70 years,
categorized into three groups: 45 healthy individuals
(control group), 45 hypertensive patients without
clinically diagnosed nephropathy (HP group), and 45
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hypertensive patients with clinically diagnosed
nephropathy confirmed by nephrologist (HNP group).

The exclusion criteria included: patients suffering from
diabetes mellitus, autoimmune diseases, cancers,
primary parathyroid disorders, pregnant women, or other
causes of chronic kidney disease such as polycystic
kidney disease, glomerulonephritis, kidney stones, or
other secondary causes

2.1. Sample Collection

After interviewing the participants from the study
groups, demographic data were collected using a
researcher-designed questionnaire. Each participant had
about 5 mL of venous blood drawn from them.
Following collection in gel tubes and coagulation time,
the blood samples were centrifuged at 3000 rpm for 15
minutes. The resultant serum was subsequently kept in
Eppendorf tubes at -20°C for further biochemical
analysis.’

Urine samples were collected from participants in sterile
containers. The samples were subsequently separated
into two sections: one for creatinine analysis and the
other for albumin measurement.

2.2. Measurement of Biomarkers

Serum urea and creatinine levels, along with urine
creatinine were measured using the Spin 200E analyzer
(SPINREACT)  following  the  manufacturer's
instructions. Urinary albumin levels were assessed in
random spot samples using the Ichroma II device
(Boditech Med). An automated sphygmomanometer was
used to measure blood pressure.

Using the sandwich enzyme-linked immunosorbent
assay (ELISA) method, the serum KIM-1 concentration
was determined in accordance with the manufacturer's
instructions (BT LAB company, China).

2.3. Statistical Analysis

Categorical variables were expressed as numbers and
percentages (%) and evaluated using the chi-square test
or Fisher’s exact test, as applicable. Continuous
variables were presented as mean = SD were analysed
using the Student’s t-test. One-way analysis of variance
(ANOVA) or the Kruskal-Wallis test was conducted for
comparisons involving three or more groups.
Correlations between biomarkers and clinical parameters
were evaluated wusing Pearson's or Spearman's
correlation coefficients. The predictive performance of
biomarkers was assessed by calculating the area under
the receiver operating characteristic (ROC) curve
(AUC). All statistical analyses were conducted using
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Table 1: Comparative demographic and clinical characteristics of three groups?

HNP group HP group Control group
(n = 45) (n = 45) (n = 45)
Age Mean+SD  52.44+10.7 51.42 +9.09 49.96 + 11.69 0.532*
(vears) 3544 12 (26.7) 16 (35.6) 17 (37.8) 212 0.715
45— 54 16 (35.6) 17 (37.8) 14 (31.1)
>55 17 (37.8) 12 (26.7) 14 (31.1)
Sex Male 20 (44.4) 21 (46.7) 26 (57.8) 1.84 0.399
Female 25 (55.6) 24 (53.3) 19 (42.2)
BMI Mean+SD  28.33 % 4.07 29.06 + 4.87 26.39 +3.23 0.008*
(kg/m?)
Normal 9 (20.0) 9 (20.0) 22 (48.9) 1366  0.008*
weight
Overweight 18 (40.0) 17 (37.8) 15 (33.3)
Obesity 18 (40.0) 19 (42.2) 8 (17.8)
Smoking history 16 (35.6) 12 (26.7) 8 (17.8) 3.64 0.162
Family history 10 (22.2) 13 (28.9) 6 (13.3) 3.25 0.197
SBP (mmHg) 147.84+1331  14478+1414  120.47 + 4.92 0.0001*
DBP (mmHg) 97.44 +8.73 96.78 + 9.38 78.89 + 4.49 0.0001*
BP Mean+SD  13.25+6.42 6.87  4.07 0 0.0001*
?y“r;a“on <5yr. 5(11.1) 16 (35.6) 0(0.0) 17.522  0.0001*
6-10 yr. 12 (26.7) 20 (44.4) 0(0.0)
> 10 yr. 28 (62.2) 9 (20.0) 0(0.0)

Significant differences at P <0.05; X?: Chi-Square test; a: Testing between patients only. # Testing between categories of Hyper.

NP group only. ¥: ANOVA or Mann Whitney test.

SPSS v.28 (IBM, IL, USA), with statistical significance
established at P < 0.05.!!

3. RESULTS

Table 1 presents the demographic and clinical
characteristics of HNP, HP, and control groups. There
were no statistically significant differences in age (P =
0.715), sex (P = 0.399), smoking status (P = 0.162), or
family history (P = 0.197).

Nonetheless, HNP and HP groups showed a significant
difference (P = 0.008) in BMI, with higher obesity
prevalence as compared to controls. This aligns with
existing research showing that obesity is a common
comorbidity in individuals with hypertension and
chronic kidney disease. Both systolic and diastolic BP
were significantly elevated in patient groups (P
0.0001). With 62.2% of HNP patients having >10 years
of hypertension, the duration of hypertension was
significantly longer than that of the HP group (20%; P =
0.0001)

Table 2 presents a comparison of kidney function
biomarkers among three groups. Significant differences
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were observed across all parameters (P < 0.001). HNP
group patients exhibited elevated serum creatinine, urea,
and urine albumin-to-creatinine ratio (ACR) levels,
alongside significantly reduced eGFR, indicating
impaired kidney function. HP group showed mild or no
alterations compared to controls, suggesting an early or
less severe impact on renal function.
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Table 2: Comparative biochemical parameters of the kidney functions

S. creatinine (mg/dL) 272 £1.22A 0.69+0.13® 0.63+0.14°B < 0.001*
S. urea (mg/dL) 85.56 + 26.4 A 35+8.838 29.98+7.19 B < 0.001*
ACR (mg/g) 445.03 +304.09 A 12.28+7.06% 6.19+2.49°¢ < 0.001*
eGFR (mL/min/1.73 m?) 31.78 £17.06 A 95.27 £9.218 11351+1225¢ <0.001*

aSignificant differences at P < 0.05; All data expressed as mean + SD; Different capital letters show significant
difference by ANOVA with (Tukey's post hoc) or Kruskal test; ACR: urine albumin-to-creatinine ratio

Table 3: Comparison of biomarkers in three groups @

KIM-1 (ng/mL) 4.44 +1.98A 155+0578 1.21+0.26¢ < 0.001*

aSignificant differences at P < 0.05; All data expressed as mean + SD (standard division); Different capital letters

show significant difference by ANOVA with (Tukey's post hoc) or Kruskal test.

Table 4: Correlations of KIM-1 with kidney function parameters in both
HNP and HP group patients 2

e N S R

S. Creatinine (mg/dL) r 0.617** 0.443**
p 0.0001 0.002

S. Urea (mg/dL) r 0.329* 0.014
p 0.027 0.925

ACR (mg/g) r 0.443** 0.350*
p 0.002 0.019

aCorrelation is significant at the P < 0.05* and < 0.01** level
ACR: urine albumin-to-creatinine ratio

p=0.001*

KIM-1 (ng\ml)

HNP HP Control

Figure 1. Comparison of KIM- level in HNP, HP, and Healthy controls

Table 3 shows a significant
difference in KIM-1 levels
among HNP, HP, and
healthy control groups (P <
0.001). HNP patients had
the highest KIM-1 levels,
indicating severe kidney
injury, while HP
individuals showed
moderately elevated levels
compared to controls,
suggesting early signs of
kidney involvement.
Healthy controls had the
lowest levels, confirming
normal kidney function.
The statistical differences
between groups (A, B, C)
indicate that KIM-1 can
serve as a potential
biomarker  for  early
detecting of hypertensive
kidney injury and
monitoring of disease.

The results demonstrate
significant correlations
between biomarker and
kidney function parameters
in both HNP and HP
groups. In HNP patients,
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Table 5: ROC analysis of biomarkers for hypertensive nephropathy diagnosis in all patients to

healthy control.

Area P-value

Biomarkers

Asymptotic 95%
Confidence
Interval

Lower Upper
Bound Bound

KIM-1 0.82 0.0001 0.75 0.89

(ng/mL)

o
0.66

>1.68

1.00

process is further exacerbated by

1.0

0.6

Sensitivicy

0.4

0.2

0.0

ROC of KIM-1 (ng/ml) in All patients to Healthy conirols

Source of the Curve
0.8 —KTM-1 (ng/ml)
=——Reference Line

1 - Specificity

0.0 0.2 0.4 0.6 0.8 1.0

Renin-Angiotensin-Aldosterone
System (RAAS) activation, which
induces  vasoconstriction,  sodium
retention, and fibrosis, While oxidative
stress and inflammation contribute to
tubular damage and interstitial fibrosis,
ultimately progressing hypertensive
nephropathy.'>'* KIM-1 is a protein
that is upregulated in proximal tubular
cells in response to kidney stress.'
Therefore, a chronic hypertension-
induced renal tubular injury will lead to
elevated serum levels of KIM-1

In the present study, patients with HNP
exhibited significantly higher serum
KIM-1 levels (444 + 1.98 ng/mL)

Figure 2. Roc Curve of KIM-1 level in All patients to Healthy control

KIM-1 is positively correlated with S. Creatinine (r =
0.617, p < 0.001), and S. Urea (r = 0.329, P = 0.027),
while it shows a negative correlation with eGFR (r = -
0.483, P =0.001). In the HP group, KIM-1 is positively
correlated with S. Creatinine (r = 0.443, P = 0.002) but
negatively with eGFR (r=-0.488, P=0.001).

The receiver operator characteristic (ROC) are presented
in Table 5. The cut-off values for KIM-1 in the diagnosis
of hypertensive nephropathy were established through
the administration of a ROC curve analysis. The
sensitivity was 66%, the specificity was 100%, and the P
was 0.0001 for KIM-1 (ng/mL), with an area under the
curve (AUC) of 0.82 (95% CI: 0.75-0.89) and a cut-off
value of >1.68.

4. DISCUSSION

Chronic hypertension can lead to renal tubular injury
through increased intraglomerular pressure, causing
hyperfiltration and damage to the renal tubules. This
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compared to those with hypertension
alone (1.55 + 0.57 ng/mL) and healthy
controls (1.21 £+ 0.26 ng/mL). These
findings align with previous studies have reported
substantially increased KIM-1 concentrations in
individuals with chronic kidney disease (CKD) relative
to non-CKD participants.'®!”> reinforcing the possible
role of KIM-1 as a kidney injury biomarker.

Experimental evidence also supports the association
among KIM-1 elevation and hypertensive kidney injury.
A prior study investigating the impact of “angiotensin II
type 1A receptor “on KIM-1 expression in a mouse
model of renovascular  hypertension (2K1C)
demonstrated a substantial increase in KIM-1 levels in
the affected kidney.!® This observation suggests that
KIM-1 upregulation is related to established renal injury
in hypertensive conditions, further validating its role in
the pathophysiology of hypertensive nephropathy.

Interestingly, studies on kidney transplant dysfunction
have shown that upregulated KIM-1 expression may also
serve a reparative role in tubular epithelial cells.!® While
our study did not assess this aspect directly, KIM-1
upregulation represents an adaptive response to injury.
However, as the disease progresses, sustained KIM-1
expression may contribute to chronic inflammation and
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fibrosis, exacerbating renal damage. This aligns with
research indicating that KIM-1 is involved in
macrophage recruitment and inflammatory signaling
pathways such as STAT3 and ERK activation, which
may accelerate kidney injury in hypertensive
nephropathy.

Furthermore, the outcomes of this study confirm a
substantial correlation among serum KIM-1 levels and
established renal function markers. Consistent with
previous findings in CKD patients, KIM-1 demonstrated
a substantial positive correlation with creatinine and
blood urea nitrogen (BUN), while an inverse correlation
was observed with estimated glomerular filtration rate
(eGFR).!” These associations indicate that KIM-1 not
only serves as a marker of tubular injury but also reflects
renal function decline in hypertensive nephropathy.?%2!

Overall, these findings support the clinical utility of
KIM-1 as a biomarker for detecting early kidney injury
in hypertensive patients and monitoring disease
progression.

5. CONCLUSION

This study detects KIM-1 as a potential prognostic and
diagnostic biomarker for nephropathy in hypertensive
patients. The significant correlation between KIM-1 and
kidney function tests suggests that increased KIM-1
expression reflects renal injury severity and dysfunction
in hypertensive nephropathy. Furthermore, the study
offers valued insights into the clinical utility of KIM-1
for early diagnosis and disease monitoring. However,
additional studies with larger and more diverse patient
cohorts are required to validate its prognostic value and
optimize its application in clinical practice.
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