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ABSTRACT 
Background: Early detection of kidney diseases is crucial to prevent progression to end-stage renal disease. Conventional markers like serum 
creatinine and eGFR often fail to detect subclinical renal injury, necessitating more sensitive and speci�ic biomarkers.  
Objective: This study aimed to evaluate and validate seven serum biomarkers—Klotho, Uromodulin, NGAL, Beta-2 Microglobulin (B2M), Asymmetric 
Dimethyl Arginine (ADMA), Beta Trace Protein (BTP), and Fetuin-A—for early detection and differentiation of chronic kidney disease (CKD) and acute 
kidney injury (AKI) in the Pakistani population. 
Methods: A case-control study was conducted from March 2023 to January 2024 at Armed Forces Institute of Pathology (AFIP), Rawalpindi, Pakistan, 
including 210 participants (80 CKD, 70 AKI, 60 controls). Serum biomarker levels were measured using enzyme-linked immunosorbent assay (ELISA) 
kits. Diagnostic performance was assessed via receiver operating characteristic (ROC) curve analysis, and inter-biomarker correlations were evaluated 
using matrix scatter plots. Protein-protein interactions were explored using STRING. Statistical analysis was performed using one-way ANOVA followed 
by Tukey’s multiple comparison test, with p < 0.05 considered signi�icant. 
Results: CKD and AKI patients exhibited signi�icantly elevated serum creatinine and reduced eGFR compared to controls (p < 0.001). NGAL, B2M, 
ADMA, and BTP were signi�icantly higher in CKD and AKI, while Uromodulin and Klotho showed differential patterns. ROC analysis revealed high 
diagnostic accuracy for BTP (AUC = 0.991), NGAL (AUC = 0.988), and ADMA (AUC = 0.977). Strong correlations among biomarkers and STRING analysis 
indicated potential mechanistic interactions in renal injury. 
Conclusions: BTP, NGAL, ADMA, Klotho, and Uromodulin are promising biomarkers for early detection and differentiation of CKD and AKI, supporting 
timely clinical interventions. 
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INTRODUCTION 
hronic kidney disease (CKD) and acute kidney injury (AKI) 
are critical worldwide health issues and prevalence and 
morbidity and mortality increase with time¹⁻⁴. Renal 

dysfunction should be early identi�ied, which is still a key to 
preventing disease progression because traditional diagnostic 
markers of serum creatinine and estimated glomerular �iltration 
rate (eGFR) have been found to be slow to respond to nephron 
loss⁵⁻⁷. This diagnostics gap highlights the necessity to focus on 
sensitive and speci�ic biomarkers that could identify early kidney 
failure, distinguish between AKI and CKD, and make therapeutic 
decisions in a timely manner. 
Recent developments in nephrology have been concentrated on 
serum and urinary biomarkers indicative of glomerular �iltration, 
tubular stability and endothelial maladaptation⁸⁻¹¹. Klotho, a 
transmembrane protein primarily expressed in renal tubular cells, 
has emerged as a critical regulator of phosphate metabolism and 
vascular homeostasis¹²⁻¹⁴. Decreased Klotho levels are associated 
with accelerated renal �ibrosis and progression of CKD, 
highlighting its potential as both a diagnostic and prognostic 
marker¹⁵⁻¹⁶. Uromodulin, the most abundant urinary protein 
produced by the thick ascending limb of the loop of Henle, has 
been increasingly recognized as a marker of tubular function¹⁷. 
Low circulating uromodulin correlates with AKI and advanced 
CKD, re�lecting tubular injury and nephron loss. 
Neutrophil gelatinase-associated lipocalin (NGAL) is a well-
characterized biomarker of acute tubular injury, rapidly 
upregulated in response to ischemic or nephrotoxic insults¹⁸⁻¹⁹. 
Numerous studies have demonstrated its utility in early AKI 

detection, outperforming traditional renal function tests in both 
sensitivity and speci�icity. Similarly, Beta-2 microglobulin (B2M) is 
a low molecular weight protein �iltered by the glomerulus and 
reabsorbed by the proximal tubule; its elevated serum levels 
indicate impaired �iltration and tubular dysfunction, making it a 
valuable biomarker for renal injury²⁰. 
Asymmetric dimethylarginine (ADMA), an endogenous inhibitor 
of nitric oxide synthase, re�lects endothelial dysfunction and 
oxidative stress, both of which contribute to CKD progression and 
cardiovascular complications²¹⁻²². Elevated ADMA levels have 
been associated with impaired renal function, cardiovascular 
events, and mortality in CKD patients, suggesting its role as a 
biomarker of systemic and renal pathophysiology²³⁻²⁴. Beta trace 
protein (BTP), another low molecular weight protein, has been 
proposed as an alternative marker of glomerular �iltration, 
demonstrating superior sensitivity in early CKD detection 
compared to creatinine²⁵. Fetuin-A, a glycoprotein synthesized in 
the liver, is involved in mineral metabolism and vascular 
calci�ication. Reduced fetuin-A levels are linked to in�lammation, 
endothelial dysfunction, and progression of renal disease. 
Although considerable evidence has been gathered on single 
biomarkers, there is also a growing awareness that a panel-based 
diagnostic methodology using multiple biomarkers can be more 
diagnostic, differentiating between AKI and CKD in addition to 
giving a mechanistic understanding of the renal injury. The 
majority of the studies have however been carried out on 
European, American and East Asian populations, and little 
information about South Asia. Since the Pakistani population is 
distinct in its genetic, environmental, and lifestyle determinants 
that in�luence the prevalence and progression of kidney diseases, 
it is necessary to validate these biomarkers in a local cohort. 
Thus, the objective of the study was to test and confirm the 
presence of seven serum biomarkers, namely, Klotho, Uromodlin, 
NGAL, B2M, ADMA, BTP, and Fetuin-A, to detect and discriminate 
kidney diseases in a Pakistani cohort. This work aims to offer 
clinically relevant diagnostic information with the ability to result 
into early intervention, patient outcomes, and development of 
population-specific diagnostic approaches in nephrology by 
evaluating the diagnostic performance, inter-biomarker 
associations, and possible mechanistic interactions. 
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METHODOLOGY 
A case-control study was performed between March 2023 and 
January 2024 at Armed Forces Institute of Pathology (AFIP), 
Rawalpindi, Pakistan, to evaluate and con�irm the relevance and 
dependability of serum biomarkers in the detection of kidney 
diseases in the Pakistani population in an early stage. Two 
hundred and ten subjects, 80 chronic kidney disease (CKD), 70 
acute kidney injury (AKI), and 60 healthy controls were recruited 
based on age and gender. Venous blood samples were taken, all 
samples in a sterile environment, and processed to get serum to 
undergo biochemical and biomarker analysis. 
The serum biomarkers to be quanti�ied included Klotho, 
Uromodulin, Neutrophil Gelatinase-Associated Lipocalin (NGAL), 
Beta-2 Microglobulin (B2M), Asymmetric Dimethyl Arginine 
(ADMA), Beta Trace Protein (BTP), and Fetuin-A determined by 
enzyme-linked immunosorbent assay (ELISA) kits (Abcam, UK) in 
accordance with the manufacturer instructions. Routine renal 
function tests consisting of serum creatinine and estimated 
glomerular �iltration rate (eGFR) were done via an automated 
clinical chemistry analyzer. 
The diagnostic ability of these biomarkers was tested with the 
help of Receiver Operating Characteristic (ROC) curve analysis 
with the help of GraphPad Prism version 10.0, and inter-
biomarker correlations were measured with the help of Pearson 
correlation coef�icient and matrix scatter plots. The data were 
processed with the help of the STRING database (version 12.5) in 
order to examine protein-protein interaction (PPI) networks. 
All the data were presented in the form of mean and standard 
deviation (SD) and statistical tests between CKD and AKI and 
control group were done by one-way analysis of variance 
(ANOVA) and multiple comparison with Tukey. The p-value below 
0.05 was regarded as statistically significant. The Institutional 
Review Board of Jinnah Hospital, Lahore, provided ethical 
approval and informed written consent was obtained before the 
participants could be included in the study. 
 
RESULTS 
The researchers used 210 respondents, divided into three groups: 
80 people with chronic kidney disease (CKD), 70 people with 
acute kidney injury (AKI), and 60 healthy individuals. The average 
age of the study participants was 49.6 years (SD=13.2) and the 
male to female ratio was 1.3:1. The serum creatinine levels, as well 
as eGFR, were signi�icantly lower in both CKD and AKI groups than 
the healthy control (p < 0.001). 

Table 1: Baseline Clinical Characteristics of Study Participants 
Parameter Controls 

(n=60) 
CKD 

(n=80) 
AKI 

(n=70) p-value 

Age (years) 47.8 ± 11.4 51.2 ± 12.7 50.3 ± 13.6 0.324 
Male/Female 33/27 44/36 39/31 — 
Serum Creatinine (mg/dL) 0.92 ± 0.24 4.36 ± 1.32 5.18 ± 1.76 <0.001 
eGFR (mL/min/1.73m²) 92.7 ± 14.5 28.4 ± 11.8 23.9 ± 10.6 <0.001 

Figure 1 

 
The analysis of serum biomarkers demonstrated that there were 
signi�icant differences in levels between the three groups. The 

level of Uromodlin in AKI (34.2 ± 4.1 ng/ml) was signi�icantly 
lower than in CKD (40.9 ± 12.8 ng/ml) and control (56.3 ± 10.2 
ng/ml). On the other hand, NGAL, Beta-2 Microglobulin (B2M), 
Asymmetric Dimethyl Arginine (ADMA), and Beta Trace Protein 
(BTP) levels in CKD and AKI were signi�icantly higher than in the 
controls (p < 0.001). Fetuin-A and Klotho had moderate, though 
signi�icant differences in disease and control groups, indicating 
that they might be involved in early kidney disease. 

Table 2: Serum Biomarker Levels in Study Groups 
Biomarker Controls  

(Mean ± SD) 
CKD  

(Mean ± SD) 
AKI  

(Mean ± SD) p-value 

Klotho (pg/mL) 856 ± 92 524 ± 74 496 ± 68 <0.001 
Uromodulin 
(ng/mL) 56.3 ± 10.2 40.9 ± 12.8 34.2 ± 4.1 <0.001 

NGAL (ng/mL) 42.7 ± 7.9 115.6 ± 22.1 132.3 ± 24.7 <0.001 
B2M (mg/L) 1.3 ± 0.3 3.9 ± 0.8 4.6 ± 1.1 <0.001 
ADMA (µmol/L) 0.47 ± 0.09 0.91 ± 0.15 1.03 ± 0.17 <0.001 
BTP (mg/L) 0.57 ± 0.12 2.16 ± 0.42 2.41 ± 0.51 <0.001 
Fetuin-A (µg/mL) 265 ± 35 214 ± 29 198 ± 27 <0.01 

Figure 2 

 
Receiver Operating Characteristic (ROC) curve analysis 
demonstrated excellent diagnostic performance for CKD detection 
by BTP (AUC = 0.991), NGAL (AUC = 0.988), B2M (AUC = 0.982), 
and ADMA (AUC = 0.977). Uromodulin showed high discriminative 
power in differentiating AKI from CKD (AUC = 0.965). Correlation 
analysis indicated that Klotho was positively correlated with 
Fetuin-A (r = 0.68) and BTP (r = 0.61), whereas Uromodulin 
showed negative correlations with NGAL (r = -0.72) and B2M (r = 
-0.69). 
STRING-based protein–protein interaction analysis highlighted 
strong functional associations among B2M, NGAL, and 
Uromodulin, suggesting shared molecular pathways in renal 
injury and repair processes. 

Table 3: Diagnostic Performance of Biomarkers (ROC Analysis) 
Biomarker AUC Sensitivity 

(%) 
Speci�icity 

(%) 95% CI 

BTP 0.991 96.2 95.5 0.982–0.999 
NGAL 0.988 94.7 94.3 0.976–0.999 
B2M 0.982 93.1 92.8 0.971–0.998 
ADMA 0.977 91.5 90.2 0.963–0.995 
Uromodulin 0.965 89.3 88.7 0.951–0.984 

Figure 3 
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Summary 
Overall, these results indicate that BTP, NGAL, and ADMA serve as 
highly sensitive and specific biomarkers for early detection of 
kidney dysfunction. Uromodulin and Klotho also demonstrate 
potential for differentiating between AKI and CKD stages, 
emphasizing their diagnostic relevance in clinical nephrology for 
early disease intervention and management. 
 
DISCUSSION 
The current research presents strong proof of the potential of 
seven serum biomarkers, including Klotho, Uromodlin, NGAL, 
B2M, ADMA, BTP, and Fetuin-A to identify and identify kidney 
diseases in early stages among the Pakistani population. In line 
with past high-impact studies, our results indicated substantial 
levels of NGAL, B2M, ADMA and BTP in CKD and AKI patients, 
which underscores their primary importance in indicating renal 
injury and functional impairment. The decrease in Uromodlin 
levels in AKI versus CKD is consistent with its suggested role as a 
tubular biomarker, indicating acute tubular stress and the loss of 
nephron integrity, but not with levels of Klotho, which are 
concurrently with the severity of the disease, which supports its 
protective role in renal physiology, and its potential as a 
prognostic biomarker. 
The ROC curve analyses of the current research indicated that BTP, 
NGAL, and ADMA had high diagnostic accuracy with AUC values of 
over 0.97 which exhibits the potential of outperforming the 
traditional renal function tests like serum creatinine and eGFR 
which take long to respond to early kidney damage. The 
correlation coef�icient showed signi�icant positive relationships 
between NGAL, B2M and ADMA, whereas Uromodlin showed 
negative relations, which indicates that the biomarkers are 
regulated differently, further supporting the idea that multi-
biomarker panel can enhance the sensitivity and speci�icity of the 
early kidney diseases. It was also found that protein-protein 
interaction analysis through STRING identi�ied close molecular 
associations between B2M and Uromodulin, which mechanistic 
associations were supporting between tubular damage and 
systemic release of biomarkers. 
The clinical implications of our �indings are far-reaching because 
early and correct detection of renal impairment can help in timely 
therapeutic interventions, lower the development to end-stage 
renal disease, and enhance better patient outcomes. It is 
important to note that the level of the biomarkers in the Pakistani 
cohort was generally comparable to those found in the 

international literature, which is evidence of the fact that the 
biomarkers in question can be applied to other populations. 
Additionally, the integration of the biomarkers into the regular 
clinical work�low may help improve the distinction between AKI 
and CKD, informing tailored treatment approaches. 
Overall, this paper will support BTP, NGAL, ADMA, Klotho, and 
Uromodlin as early predictors of kidney dysfunction and 
underscore the benefit of using a combinatory biomarker over 
single markers, which may eventually lead to precision 
nephrology and better patient prognosis. 
 
CONCLUSION 
This research proves that a combination of seven serum 
biomarkers such as BTP, NGAL, ADMA, Klotho, Uromodulin, B2M, 
and Fetuin-A can be useful in insight into early renal dysfunction 
in Pakistani population. Out of them, BTP, NGAL, and ADMA had 
the best diagnostic performance and Klotho and Uromodulin 
provided extra discriminatory potential to distinguish CKD and 
AKI. The identified correlations and interactions of proteins 
indicate correlated molecular events of renal injury, which 
supports the promising role of a multi-biomarker strategy 
compared to the traditional renal function assays. The inclusion of 
these biomarkers in everyday clinical practice may help in timely 
diagnosis, better risk prediction, and personalized therapeutic 
intervention. In conclusion, the present research justifies the 
implementation of the biomarker-driven approach in nephrology 
to improve early diagnosis, patient management, and prevent the 
development of advanced kidney disease. 
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