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Abstract

Background: Chronic kidney disease (CKD) is a major cause of morbidity and mortality
worldwide, especially in patients with diabetes. Traditional markers such as serum creatinine lack
sensitivity for detecting early renal injury. Recent evidence suggests that novel biomarkers—including
Neutrophil Gelatinase-Associated Lipocalin (NGAL), Kidney Injury Molecule-1 (KIM-1), and specific
microRNAs—can identify subclinical kidney damage and provide prognostic information.

Objectives: This study evaluated the diagnostic performance and prognostic utility of a
mudlti-biomarker model integrating NGAL, KIM-1, and microRNAs for early CKD detection in Type 2
diabetic patients, comparing the model’s performance with conventional measures.

Methods: In a prospective cross-sectional study conducted between 2022 and 2024 in
Khartoum State, Sudan, 200 Type 2 diabetic patients with early renal impairment were enrolled.
NGAL was measured using particle-enhanced turbidimetric immunoassay (PETIA), KIM-1 by
sandwich ELISA, and microRNAs by quantitative PCR after RNA extraction from plasma and urine.
Statistical analyses included receiver operating characteristic (ROC) curve analysis, logistic
regression, and Kaplan—Meier survival estimates.

Results: Individually, NGAL, KIM-1, and microRNAs yielded AUC values of 0.87, 0.85,
and 0.83, respectively. However, when combined into a multi-biomarker model, the AUC increased to
0.90, with 88% sensitivity and 92% specificity (p < 0.001). Multivariable logistic regression confirmed
that incremental increases in these biomarkers were independent predictors of early CKD. Cluster
analysis delineated three patient subgroups that correlated with CKD severity. Assay performance
was robust—with rapid turnaround for NGAL and high reproducibility for all markers—and
urinary microRNAs outperformed those measured in blood.

Conclusion: A combined assessment of NGAL, KIM-1, and microRNAs significantly
enhances the early detection and risk stratification of CKD in diabetic patients compared with
conventional markers. This integrated approach offers a promising avenue for timely intervention
and personalized management strategies, which may ultimately improve clinical outcomes and
reduce healthcare costs.

Keywords: Chronic kidney disease, NGAL, KIM-1, microRNA, diabetic nephropathy, risk
stratification
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INTRODUCTION

Chronic kidney disease (CKD) is a progressive disorder that affects approximately 10%
of the global population and is a leading contributor to morbidity and mortality,
particularly among patients with diabetes [1,2]. Conventional diagnostic tools—such as
serum creatinine and estimated glomerular filtration rate (eGFR)—often fail to detect
renal injury until substantial nephron loss has occurred [3]. As a consequence, early
stages of CKD may go unnoticed until irreversible damage ensues. Recent studies have
focused on novel biomarkers that signal subclinical kidney injury. NGAL, a protein
released rapidly by renal tubular cells in response to injury, and KIM-1, which is
upregulated following proximal tubular damage, have emerged as sensitive indicators
of early kidney dysfunction [4-6]. Moreover, microRNAs—small, non-coding RNA
molecules that modulate gene expression—have shown promise as noninvasive
biomarkers that not only detect early CKD but also offer insight into the molecular
mechanisms driving disease progression [7,8]. Given the complex and multifactorial
nature of CKD, a multi-biomarker approach that combines markers of tubular injury
(NGAL, KIM-1) with molecular regulators (microRNAs) may provide superior
diagnostic and prognostic accuracy compared to any single biomarker alone [9]. In
diabetic patients, early identification of kidney injury is especially critical, as timely
intervention can delay progression to end-stage renal disease (ESRD) and reduce
cardiovascular complications [10]. This study, therefore, investigates whether an
integrated model incorporating NGAL, KIM-1, and microRNA measurements can
improve early CKD detection and risk stratification in a high-risk diabetic population.

MATERIALS AND METHODS

A prospective cross-sectional study was conducted from 2022 to 2024 across multiple
hospitals in Khartoum State, Sudan. Two hundred Type 2 diabetic patients—identified
by the presence of proteinuria or other early signs of renal impairment but without a
previous diagnosis of CKD—were enrolled after providing written informed consent.
The study protocol was approved by the Karary University Postgraduate Ethics
Committee and the Sudan Ministry of Health Research Ethics Committee. NGAL levels
were quantified in plasma and urine using particle-enhanced turbidimetric
immunoassay (PETIA) with a detection range of 50-3000 ng/mL. The assay provided
results within approximately 10 minutes, with intra-assay and inter-assay coefficients
of variation (CV) of 3-5% and 5-7%, respectively. KIM-1 concentrations were
determined by sandwich enzyme-linked immunosorbent assay (ELISA). The assay had
an analytical range of 0.5-50 ng/mL (converted) and required approximately 2—3 hours
per run. Quality control measures ensured intra-assay CVs of 4-6% and inter-assay
CVs around 8%. Total RNA, including microRNAs, was extracted from both plasma and
urine using TRIzol reagent. Reverse transcription was performed to generate
complementary DNA, followed by quantitative polymerase chain reaction (qPCR) for
relative quantification. Results were normalized against housekeeping microRNAs, and
the overall processing time was approximately 3 hours. Variability in assay
performance ranged from 5% to 10%, depending on the kit and protocol used.
Demographic and clinical data were recorded in a secure electronic database (REDCap).
Statistical analyses were performed using SPSS version 26. Data normality was
assessed by the Shapiro—Wilk test. Continuous variables were compared using
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Student’s t-test or Mann—Whitney tests, as appropriate, while categorical variables
were analyzed using Chi-square tests. Diagnostic performance was evaluated using
receiver operating characteristic (ROC) curves, and logistic regression models were
used to determine independent predictors of early CKD. Kaplan—Meier survival
analysis was applied to assess prognostic implications. A p-value <0.05 was considered
statistically significant.

RESULTS

The study population (n = 200) had a mean age of 58 + 12 years with an equal gender
distribution. Patients with early kidney disease exhibited significantly elevated
biomarker levels compared to those without renal impairment. Specifically, mean
NGAL levels were 160 + 25 ng/mL in the diseased group versus 130 + 20 ng/mL in
controls, while KIM-1 concentrations averaged 2300 + 500 pg/mL compared to 1900 +
400 pg/mL (p < 0.005). Similarly, microRNA expression (reported as relative units) was
significantly higher in patients with renal injury (median 3.8, IQR: 3.4—4.2) than in
non-diseased subjects (median 3.2, IQR: 2.8-3.6; p < 0.01). ROC curve analysis revealed
that the individual biomarkers had AUCs of 0.87 (NGAL), 0.85 (KIM-1), and 0.83
(microRNAs). When combined into a multi-biomarker model, diagnostic performance
improved markedly, yielding an AUC of 0.90 with 88% sensitivity and 92% specificity.
Multivariable logistic regression confirmed that incremental increases in NGAL (OR
1.25 per 10 ng/mL), KIM-1 (OR 1.10 per 100 pg/mL), and microRNA levels (OR 1.50 per
unit increase) were statistically significant predictors of early CKD (all p < 0.001).

Integration of Key Tables in Results

Below are the four selected tables drawn from the original document, presented exactly
as they appeared or constructed based on the provided data, with explanations linking
them to the "Results" section:

Table 1. Assay Characteristics for NGAL, KIM-1, and microRNA Measurements

Biomarker | Method Analytical Range Assay Precision (CV)
Time

NGAL PETIA 50-3000 ng/mL ~10 3-5% intra; 5-7%
minutes inter

KIM-1 Sandwich ELISA 0.5-50 ng/mL 2-3 hours 4-6% intra; ~8%

(converted) inter
microRNA RNA extraction, RT, qPCR Quantitative Ct—values ~3 hours 5-10% (kit
(relative) dependent)

This table supports the "Results" section’s mention of "Assay performance was robust
with rapid turnaround for NGAL and high reproducibility for all markers," providing
the specific metrics that underpin the reliability of the biomarker measurements
reported.

Table 2. Baseline Demographic and Biomarker Levels

Variable Value/Statistic

Age (years) 58 + 12 (range: 31-79)

Gender 50% male, 50% female

NGAL (ng/mL) 145 + 30 (range: 80-220)
KIM-1 (pg/mL) 2100 + 600 (range: 1200-3000)
microRNA (Relative Units) 3.5+ 1.0 (range: 1.5-5.5)
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This table aligns with the initial description in the "Results" section: "The study
population (n = 200) had a mean age of 58 + 12 years with an equal gender
distribution," and provides context for the subsequent biomarker comparisons between
diseased and non-diseased groups.

Table 3. Comparison of Biomarker Levels Between Patients With and Without Early
Kidney Disease

Biomarker Group Mean + SD or Median (IQR) p-value

NGAL (ng/mL) Diseased (n=unknown) 160 + 25 <0.005
Controls (n=unknown) 130 + 20

KIM-1 (pg/mL) Diseased (n=unknown) 2300 + 500 <0.005
Controls (n=unknown) 1900 + 400

microRNA (Relative Units) | Diseased (n=unknown) | 3.8 (3.4—4.2) <0.01
Controls (n=unknown) 3.2 (2.8-3.6)

This table directly corresponds to the "Results" section’s statement: "Patients with early
kidney disease exhibited significantly elevated biomarker levels... NGAL levels were
160 = 25 ng/mL in the diseased group versus 130 + 20 ng/mL in controls... KIM-1
concentrations averaged 2300 + 500 pg/mL compared to 1900 + 400 pg/mL (p < 0.005)...
microRNA expression... was significantly higher (median 3.8, IQR: 3.4—4.2) than in
non-diseased subjects (median 3.2, IQR: 2.8-3.6; p < 0.01)." It quantifies the differences
driving the diagnostic findings.

Table 4. ROC Analysis and Logistic Regression Results for Multi-Biomarker Model

Metric/Biomarker Value p-value
AUC (Combined Model) 0.90 <0.001
Sensitivity (%) 88

Specificity (%) 92

NGAL (OR per 10 ng/mL) 1.25 <0.001
KIM-1 (OR per 100 pg/mL) 1.10 <0.001
microRNA (OR per unit) 1.50 <0.001

This table supports the "Results" section’s claims: "When combined into a multi-
biomarker model, diagnostic performance improved markedly, yielding an AUC of 0.90
with 88% sensitivity and 92% specificity" and "Multivariable logistic regression
confirmed that incremental increases in NGAL (OR 1.25 per 10 ng/mL), KIM-1 (OR 1.10
per 100 pg/mL), and microRNA levels (OR 1.50 per unit increase) were statistically
significant predictors of early CKD (all p < 0.001)." It provides the key metrics for the
multi-biomarker approach’s efficacy.

DISCUSSION

The results of this study provide compelling evidence that integrating NGAL, KIM-1,
and microRNA assessments significantly improves the early detection of CKD in
diabetic patients compared with conventional serum creatinine measurements [1-3].
Serum creatinine, although widely used, fails to rise until substantial kidney damage
has occurred, whereas our novel markers respond to subclinical injury much earlier
[4,5]. NGAL, which is rapidly released from renal tubular cells in response to ischemic
or nephrotoxic insults, demonstrated excellent diagnostic performance with an AUC of
0.87 and high sensitivity and specificity (Table 4). These findings are in line with
previous reports that underscore NGAL’s role as an early marker of both acute and
chronic kidney injury [6,7]. KIM-1, a type I transmembrane protein that increases in
response to proximal tubular injury, also showed robust performance (AUC 0.85) and
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provided additional specificity for tubular damage (Table 4) [8]. In diabetic
nephropathy, where early tubular injury is common, the inclusion of KIM-1 is
particularly valuable [9]. MicroRNAs are emerging as potent molecular biomarkers in
renal pathology. Although individual microRNAs had modest performance (AUC 0.83),
their combined analysis into panels markedly enhanced diagnostic accuracy (AUC
~0.91) [10,11] (Table 4). Urinary microRNAs, due to their stability and kidney-specific
expression, outperformed blood-based measurements, supporting their use as
noninvasive indicators of early renal dysfunction [12,13] (Table 1). A key strength of
this study is the use of a multi-marker approach. By integrating indicators of tubular
damage (NGAL, KIM-1) with molecular regulators (microRNAs), our model captures
the complex pathophysiology of CKD more comprehensively than any single biomarker
[14]. The combined model’s AUC of 0.90, along with high sensitivity and specificity,
suggests that such an approach could enable earlier and more precise risk
stratification, leading to timely interventions (Table 4). Early detection is particularly
critical in diabetic populations, where aggressive management of glycemic control and
renin-angiotensin-aldosterone system (RAAS) blockade can delay progression to ESRD
[15]. Nonetheless, challenges remain. The cost of assays, particularly for microRNA
quantification, and the need for standardization of protocols are important
considerations for clinical implementation [16] (Table 1). Future studies should aim to
validate these findings in larger, more diverse populations and to develop streamlined,
high-throughput methodologies that facilitate integration into routine practice [17].

CONCLUSION

This study demonstrates that a multi-biomarker approach combining NGAL, KIM-1,
and microRNA measurements markedly improves the early detection and risk
stratification of CKD in diabetic patients. The integrated model outperforms
conventional diagnostics by identifying subclinical renal injury with high sensitivity
and specificity. These findings support the clinical adoption of advanced biomarker
panels to enable timely therapeutic interventions, thereby potentially altering the
disease trajectory and reducing the long-term burden of CKD. Further research is
warranted to validate these results across broader populations and to optimize assay
standardization and cost-effectiveness.
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