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ABSTRACT

Background: Chronic kidney disease is frequently diagnosed late because traditional biomarkers have limited
sensitivity for early renal damage. Serum uromodulin and a-klotho have emerged as potential indicators of early tubular
injury and kidney function.

Materials and Methods: A cross-sectional study was conducted on patients diagnosed with CKD stages 1-5 according
to KDIGO 2012 guidelines. Serum uromodulin and o-klotho levels were measured by ELISA method. Routine
biochemical parameters were measured by automated analyzers and eGFR was calculated by the CKD-EPI equation.
Statistical Analysis: Data were analyzed using SPSS v 26.0. Normality was tested using the Kolmogorov—Smirnov test.
One Way ANOVA and Kruskal-Wallis test was applied. Correlation analysis assessed relationships between variables.
A p-value < 0.05 was considered statistically significant.

Results: Serum uromodulin and a-klotho levels showed a significant progressive decline with advancing CKD stages (p
<0.001). Both biomarkers demonstrated a strong positive correlation with eGFR (r >0.7, p <0.001) and negative
correlations with serum creatinine and urea. Iron and ferritin levels were also altered across CKD stages. ROC curve
analysis showed a higher diagnostic performance for serum uromodulin compared with a-klotho, with AUC values of
0.921 and 0.854, respectively. The sensitivity was 87.5% for uromodulin and 77.5% for a-klotho at cut-off values
<144.6 ng/ml and <4.1 ng/ml, respectively.

Conclusion: Serum uromodulin and o-klotho serve as promising early biomarkers for detecting CKD and monitoring
disease progression. Their combined assessment may enhance diagnostic accuracy and facilitate timely therapeutic
interventions to prevent end-stage renal disease. Associated with CKD severity and renal function in this cross-sectional
cohort.
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INTRODUCTION: A gradual decline in renal or a GFR of less than 60 ml/min/1.73 m2 are markers

function is known as chronic kidney disease (CKD).
Infections, autoimmune illnesses, diabetes,
hypertension, cancer, and toxic substances can all cause
the kidneys to lose their normal function, especially
excretory and regulatory functions. CKD is rapidly
acquiring epidemic proportions worldwide and is on
the threshold of becoming a serious health issue'.CKD
affects more than 850 million people globally and is
predicted to rank fifth overall in terms of years of life
lost by 20402. More than three months of renal damage
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of chronic kidney disease (CKD)?>. For it to improve the
effectiveness of therapy, biochemical markers are
necessary for appropriate diagnosis, evaluation of risk,
and treatment application. The mass of the protein
uromodulin (Umod) is 95 KD. The thick ascending
limb and distal tubule cells of the kidney produce it.
Urine from healthy individuals often contains this
protein. Uromodulin is released by the basolateral
region of tubular cells, goes to the interstitial space of
the kidney, and is usually present in blood at detectable
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concentrations?. The uromodulin gene (UMOD) has
been identified as one of the major genes associated
with end-stage renal failure. Serum uromodulin levels
have been demonstrated to gradually decline in patients
with chronic renal disorders and those with
deteriorating  kidney function®.Alpha-Klotho  (o-
Klotho), a transmembrane (TM) protein, occurs mainly
in the kidney's distal tubular cells®. Based on the
pathogenic mechanism of o-Klotho deficiency and
declining blood levels of a-Klotho even in stage 1 of
CKD, Xianjin B et al. observed that o-Klotho is a
sensitive indicator for impaired renal function and an
alternative predictor of the risk of overall mortality of
CVD events related to CKD. On the other hand
however, the loss of a-Klotho associated with kidney
disease has a significant effect on the progressive
development of CKD and CVD’. u-Klotho is regarded
as a highly sensitive indicator for early detection of
chronic kidney disease (CKD), demonstrating a decline
in serum levels even in the early stages of the disease,
indicating high sensitivity. However, its specificity may
vary depending on the research population and cut-off
value utilized, indicating that additional clinical testing
may be required to confirm the diagnosis because it
may not always clearly differentiate CKD from other
illnesses®.Creatinine  tests quantify the level of
creatinine phosphate in the blood and identify impaired
renal function. An increase in the serum is an indication
of renal disease, while urea and creatinine are reliable
markers of a healthy kidney. The most extensively used
indicators to evaluate renal function are BUN and
serum creatinine. Due to the invasive nature of blood
collection for serum analysis, patients experience
nervousness and discomfort as a result of blood loss
from repetitive blood sampling, which may raise the
risk of infections caused by blood for both patients and
medical professionals. Therefore, an affordable
diagnostic test that offers an accurate assessment of the
disease status and stages and is beneficial to patients as
well as physicians will be required. The most often
used indicators to evaluate renal and chronic kidney
disease (CKD) status are urea and creatinine !,

"End-stage renal disease (ESRD) is regarded as a most
serious outcome"'?. "Anaemia is an undesirable and
frequent consequence of chronic kidney disease (CKD)
and causes increased morbidity and mortality"'3. "The
prevalence of anaemia in stage 3—5 CKD was 12.0%,
and it has recently been noted that anaemia begin to
develop early in the progression of CKD"'4. In addition
to chronic blood loss, decreased intestinal absorption,
inflammation, infection, decreased red blood cell
(RBC) survival, hyperparathyroidism, bone marrow
depression, folate, iron, and vitamin B12 deficiencies,
the main cause of anaemia in stages 4-5 of CKD is the
reduced production of erythropoietin by failing
kidneys'>!®. Patients with chronic renal disease
frequently suffer from anaemia as the outcome of iron
insufficiency. Poor food intake, occult bleeding, or an
imbalance between the actual iron supply and the iron
requirements of the erythroid marrow are some of the
major causes of iron insufficiency. Anaemia in chronic

kidney disease (CKD) can also be caused by uremic
inhibitors such as parathyroid hormone and
inflammatory cytokines'”.

Although previous studies have reported associations
between serum uromodulin, o-Klotho, and kidney
function, data from Indian CKD populations remain
limited, particularly across different CKD stages. The
present study aimed to evaluate the relationship of
serum uromodulin and a-Klotho with CKD severity
and eGFR in a cross-sectional cohort of patients with
CKD stages 1-5. We additionally compared the
diagnostic discrimination of these biomarkers across
CKD stages and explored their association with
conventional biochemical markers of kidney function
and iron metabolism.

MATERIALS AND METHODS:

This single-centre, observational cross-sectional study
was conducted in the Department of Nephrology after
obtaining ethical approval from the Human Research
Ethics Committee (Ref: GU/HREC/EC/2024/2438).
The study included 90 adult patients with an
established diagnosis of chronic kidney disease (CKD)
across all stages. Comprehensive clinical histories were
recorded for all participants, and written informed
consent was obtained before to their inclusion in the
study.

Included those who were older than 18 years of age,
and who did not have a history of atherosclerotic
cardiovascular disease. Exclusion criteria included a
history of heart failure, chronic inflammation, Patients
on renal replacement therapy, Treatment with
Immunosuppressive  drugs, Systemic autoimmune
disease and after renal transplantation.

Diagnostic Criteria and Staging of Chronic Kidney
Disease:

The diagnosis and staging of chronic kidney disease
were carried out in accordance with the 2012 Kidney
Disease: Improving Global Outcomes (KDIGO)
clinical practice guidelines. For each participant, the
estimated glomerular filtration rate (eGFR) was
calculated using a standard, validated equation. Patients
were then classified into six CKD stages based on their
corresponding eGFR values'®.

® Stage 1: GFR >90 mL/min/1.73 m2 with evidence
of kidney damage

Stage 2: GFR 60 to 89 mL/min/1.73 m2

Stage 3a: GFR 45 to 59 mL/min/1.73 m2

Stage 3b: GFR 30 to 44 mL/min/1.73 m2

Stage 4: GFR 15 to 29 mL/min/1.73 m2

Stage 5: GFR <15 mL/min/1.73 m2 or treatment
by dialysis.

Sample Collection and Analysis: Venous blood
samples were obtained from all participants using
standard phlebotomy techniques. The collected samples
were processed in the central laboratory for the
measurement of a comprehensive panel of biochemical
parameters. Serum uromodulin and serum a-klotho
were measured by a commercially available ELISA kit.
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According to the manufacturer’s instructions. Other
serum biomarkers were determined by a fully
automated Cobas Pro Analyzer.

STATISTICAL ANALYSIS: All data were analyzed
using SPSS statistical software (version 20.0).
Quantitative variables were expressed as mean =+
standard deviation (SD). Differences in biomarker
levels across the various stages of chronic kidney
disease were assessed using one-way analysis of
variance. For variables that did not follow a normal
distribution, the Kruskal-Wallis test was applied.
Associations between serum biomarker levels and
estimated glomerular filtration rate (eGFR) were
examined using Pearson’s or Spearman’s correlation
coefficients, as appropriate. A two-tailed p-value of <
0.05 was considered statistically significant for all
analyses.

RESULTS:

Demographics and Clinical Characteristics of the
Study Cohort:

A total of 90 patients with chronic kidney disease
(CKD) were included in the study. The mean age of the

participants was 50.90 £ 14.33 years. Males constituted
61.1% (n=55) of the study population, whereas females
accounted for 38.9% (n=35).

As summarized in Table 1, the distribution of
participants across CKD stages was uneven and
predominantly represented advanced disease. Stage 5
CKD comprised the largest subgroup (42.2%, n=38),
followed by Stage 4 (22.2%, n=20) and Stage 3b
(14.4%, n=13). Early-stage CKD was relatively
underrepresented, with only 4.4% (n=4) in Stage 1,
11.1% (n=10) in Stage 2, and 5.6% (n=5) in Stage
3a.The distribution of participants was uneven across
CKD stages, with a predominance of Stage 4-5 disease
(64.4%). Consequently, estimates for early-stage CKD
should be interpreted cautiously due to the limited
number of participants in Stages 1-3a.The
predominance of advanced CKD stages should be
considered when interpreting the findings, as estimates
for early-stage disease are based on a limited number of
participants.

Table 1: Demographic and Clinical Characteristics of Study Population.

Age (Years) Male Female

Variables (n=90)

Stage 1

(n=55) | (n=35) (n=4)

Stage 2 | Stage
3a
n=10) | (n=95) (n=20) | (n=38)

Stage 3b Stage 4 | Stage 5

(n=13)

50.90+14.33 | 61.1% | 38.9% 4.4%

11.1% | 5.6% | 14.4% 22.2% 42.2%

As shown in Table 2, serum a-Klotho and uromodulin
concentrations  progressively  decreased  across
increasing CKD stages.Mean serum o-Klotho levels
declined from 7.03 + 1.12 ng/mL in Stage 1 to 1.66 +
0.93 ng/mL in Stage 5 (p < 0.001). Similarly, mean
serum uromodulin levels decreased from 255.77 +
39.87 ng/mL in Stage 1 to 36.16 + 22.69 ng/mL in
Stage 5 (p <0.001).

In contrast, conventional renal function markers
showed progressive increases with advancing CKD

severity. Mean serum urea increased from 24.62 + 0.47
mg/dL in Stage 1 to 189.74 + 50.28 mg/dL in Stage 5,
while serum creatinine increased from 0.95 + 0.97
mg/dL to 7.91 + 3.70 mg/dL (both p < 0.001). Both
urea and creatinine demonstrated strong inverse
relationships with renal function. Serum urea showed a
strong negative correlation with eGFR (r =—-0.914, p <
0.001), and serum creatinine was similarly negatively
correlated with eGFR (r=—0.783, p <0.001).

Table 2: Mean Levels of Serum Biomarkers across CKD Stages.

Variables Stage 1 (n=4) Stage 2 (n=10) Stage 3a Stage Stage 4 Stage P
(n=5) 3b (n=20) 5 value
(n=13) (n=38)
a-Klotho (ng/ml) 7.03£1.117 5.13£1.35 4.41+£0.85 4.05+1 3.34£1.2 1.66+0 <0.00
21 3 .93 1*
Uromodulin (ng/ml) 255.77+39.87 184.27+44.96 155.24+2 119.11 73.23+1 36.16+ <0.00
5.78 +28.66 3.47 22.69 1*
Urea (mg/dl) 24.62+0.47 32.7143.2 43.4+3.57 68.02+ 109.15¢ 189.74 <0.00
7 12.85 16.45 +50.28 1*
Creatinine (mg/dl) 0.95+0.97 1.23+0.316 1.48+0.27 2.42+0 4.17+1.6 7.91+3 <0.00

76 5 704 1*

* Statistically significance
IJDDT, Volumel6 Issue 69s, 2026
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These findings demonstrate a significant association
between lower serum uromodulin and o-Klotho
concentrations and greater CKD severity. However,
because of the cross-sectional study design, the
observed associations should not be interpreted as
evidence of disease progression or predictive utility.

As shown in figure 1, Receiver operating characteristic
(ROC) analysis was performed to assess the ability of
serum uromodulin and a-Klotho to discriminate
advanced CKD (Stages 4-5) from earlier CKD stages

0.921 (95% CI: 0.864-0.978, p < 0.001). At a cut-off
value of <144.6 ng/mL, the sensitivity and specificity
were 87.5% and 90.0%, respectively. Serum a-Klotho
demonstrated good discriminatory performance with an
AUC of 0.854 (95% CI: 0.734-0.973, p < 0.001). At a
cut-off value of <4.1 ng/mL, sensitivity and specificity
were 77.5% and 90.0%, respectively. These findings
indicate that both biomarkers are associated with CKD
severity, with serum uromodulin showing greater
discriminatory ability than serum a-Klotho in this study

(Stages 1-3b). Serum uromodulin demonstrated population.
excellent discriminatory performance with an AUC of
ROC Curve
10
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Figure 1: Receiver Operating Characteristic (ROC) curves analysis the diagnostic performance of serum
Uromodulin and serum a-Klotho in relation to eGFR.

Table 3 shows significant alterations in iron
metabolism parameters across CKD stages. Mean
serum iron concentrations decreased progressively from
82.87 + 14.96 pg/dL in Stage 1 to 25.95 + 7.37 pg/dL
in Stage 5 (p < 0.001). Similarly, TIBC declined from

severity, rising from 198.25 + 46.21 ng/mL in Stage 1
to 724.63 +£219.11 ng/mL in Stage 5 (p < 0.001).These
findings are consistent with disturbances in iron
homeostasis commonly observed in advanced CKD;
however, the present study was not designed to

283.47 + 62.47 pg/mL to 186.48 = 54.12 pg/mL across determine  underlying mechanisms or  causal

the same stages (p < 0.001).In contrast, serum ferritin relationships.

levels increased progressively with worsening CKD

Table 3: Mean Levels of Iron Metabolism Markers in Different Stages of CKD.

. Stage 1 Stage 2 Stage 3a Stage 3b Stage 4 Stage 5
Variables (n=4) (n=10) (n=5) (n=13) (n=20) (n=38) p value
Iron (pg/dl) 8926'87i14 51.86+12.14 48.82+4.81 40.24+8.64 i;l.39i6. 25.95+7.37 <0.001*

+ + + + + +

Ferritin (ng/ml) é9281.25 4 558.05 101.2 233.38 101. §g6.39 56. ;10055.65 5 1%4.63 219. <0.001*
TIBC (ug/ml) 58437'47*6 2288242230 | 22048737 | 0D ;983é63i3 R R

“Statistically significance
IJDDT, Volumel6 Issue 69s, 2026
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TIBC- Total iron Binding Capacity

DISCUSSION: In our study, out of 90 patients, 61%
were male and 38.9% were female have CKD. In
contrast with our study, Michal Lewandowski et al.
investigated that the higher CKD prevalence is in
women'’. For stages 3-5, the frequency of CKD was
higher in women than in men. The eGFR calculations
adjust for sex to account for variations between men
and women. For example, increased muscle mass in
male results in a higher creatinine level and a lower
eGFR. Both sex evaluations of the eGFR formulas
revealed no sex-specific variations in estimating bias?’
Aligning with our results, Litvin et al. stated that
chronic kidney diseases (CKDs) are characterized by
impaired kidney function and structure lasting over
three months. The likelihood of developing CKD rises
with advancing age. Additionally, CKD significantly
increases the risk of cardiovascular illness and death?!.
In comparison to over-studying, according to Levey AS
and Coresh J investigated a decreasing eGFR indicates
ongoing nephron damage and reduced kidney function,
making it valuable for both diagnosis and prognosis. As
renal function deteriorates, eGFR becomes more
reliable in forecasting negative outcomes such as
cardiovascular complications, death, and progression to
end-stage kidney disease (ESKD)?.

Our study was carried out on serum markers
(Uromodulin and a-klotho). The results of the current
study indicate that serum Uromodulin and a-klotho
levels were significantly decreased in patients with
CKD. There was a significant difference (p < 0.001) in
all groups of CKD patients. Dominic Stebl et al. found
that serum uromodulin levels are reduced in individuals
with chronic kidney disease (CKD). They reported that
people without CKD had significantly higher serum
uromodulin concentrations compared to those with
CKD at any stage?’.

Risch et al. reported that serum uromodulin levels
declined as kidney function worsened. Their study also
demonstrated that serum uromodulin was negatively
associated with creatinine levels and positively
correlated with eGFR, consistent with the findings of
the current study®*. Pracjczer et al. found a positive
correlation between eGFR and serum uromodulin
levels, aligning with the results of the current study.
They suggest that uromodulin may play an active role
in the progression of chronic kidney disease (CKD)®.Lv
L. et al. concluded that reduced serum uromodulin
levels were independently linked to a decline in kidney
function?.

Seibert et al. found that serum o-Klotho levels in
patients gradually declined across CKD stages 1 to 5.
Another study using immunohistochemical staining to
assess renal a-Klotho expression revealed a significant
decrease in kidney o-Klotho levels corresponding to
AKI severity?®. Erben RG and Andrukhova O reported
that serum a-Klotho levels were significantly elevated
in CKD patients compared to healthy controls?’ .
Supporting our findings, Lim et al. reported that serum

a-Klotho levels are initially reduced in patients with
CKD. Additionally, we observed a positive correlation
between serum a-Klotho and vascular calcification?®. In
line with our findings, Hu et al. reported that serum a-
Klotho could serve as a straightforward, quick, and
early biomarker for CKD%.

Mittal A et al. reported comparable findings in a study
showing a significant rise in mean serum creatinine and
urea levels in CKD patient®®. This is consistent with the
study by Rani BS et al. who found that the median
serum urea and creatinine level was higher in CKD
patients’!. Similar findings were reported by Onyango
A et al. which showed higher levels of serum urea and
creatinine in chronic kidney disease™.

Talwar et al. However, the mean serum ferritin levels
appear elevated due to an uneven distribution of values.
This elevation is also attributed to the fact that the
majority of cases in our study involved anaemia of
chronic disease, which is associated with lower mean
TIBC levels®®. In contrast to our findings, Singh et al.
observed lower serum ferritin levels and higher mean
serum iron levels. This discrepancy can be linked to the
patients' usage of EPO medication, as the decrease in
serum ferritin indicates that the erythroid cells
proliferation is utilizing iron. However, EPO was only
administered to a limited percentage of patients in our
trial, which accounts for the lack of a discernible drop
in mean blood ferritin levels®*.

Our ROC analysis demonstrated that serum uromodulin
and a-Klotho were capable of distinguishing advanced
CKD from earlier stages of disease, with serum
uromodulin showing superior performance. However,
because the study included only patients with
established CKD and relatively few participants in the
early stages of disease, these findings should not be
interpreted as evidence for population screening or
early detection of CKD. Prospective studies including
healthy controls and larger numbers of early-stage
CKD patients are required to evaluate their utility as
early diagnostic biomarkers.

Limitations of the study:

The cross-sectional design precludes assessment of
causality, disease progression, or prediction of renal
outcomes.

* The study was conducted at a single centre,
potentially limiting generalisability.

* The sample size was relatively small and unevenly
distributed across CKD stages, with a predominance of
advanced CKD.

*Potential confounding factors, including
comorbidities, medications, and duration of CKD, were
not comprehensively evaluated.

Conclusion:

Serum uromodulin  and o-Klotho levels were
significantly associated with CKD severity and renal
function in this cross-sectional cohort. Both biomarkers
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declined progressively with worsening CKD stage and
demonstrated significant correlations with eGFR.
Serum uromodulin showed stronger discriminatory
performance than a-Klotho in differentiating advanced
CKD from earlier stages. However, because of the
study's single-centre cross-sectional design, limited
sample size, and predominance of advanced CKD
stages, the findings should be regarded as exploratory.
Larger prospective multicentre studies are required to
determine whether these biomarkers provide clinically
meaningful information beyond conventional measures
of kidney function and whether they can predict CKD
progression or adverse renal outcomes.
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