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ABSTRACT

Drug-induced nephrotoxicity is a major clinical concern, often leading to acute kidney injury (AKI) and progression to chronic kidney disease (CKD). This study
evaluates the diagnostic significance of serum and urinary levels of creatinine and uric acid as early indicators of nephrotoxicity in patients exposed to
nephrotoxic drugs such as aminoglycosides, NSAIDs, and chemotherapeutic agents. A cross-sectional study was conducted involving 50 participants, with
biochemical assessments performed before and after drug exposure. Key parameters included serum creatinine, serum uric acid, urinary creatinine, and urinary

uric acid, analyzed using enzymatic and kinetic assays.

Statistical tools such as paired t-tests, ANOVA, correlation analysis, and ROC curve assessments were employed to determine the sensitivity, specificity, and

predictive value of these biomarkers. Results showed a significant rise in serum creatinine post-drug exposure (p

< 0.001), indicating impaired glomerular filtration. Uric acid exhibited a stronger correlation with early renal impairment (r = 0.85, p < 0.001), suggesting higher
sensitivity in detecting subclinical dysfunction. A dose-dependent elevation in both biomarkers confirmed that higher drug exposure intensifies renal stress.
Urinary levels of creatinine and uric acid demonstrated strong correlations with serum counterparts (r > 0.8), validating their use in non-invasive diagnostic

screening.

In conclusion, the combined assessment of creatinine and uric acid enhances diagnostic accuracy for drug-induced nephrotoxicity. The study advocates for a dual-

biomarker approach and supports urine-based testing as a cost-effective, patient-friendly alternative for early detection and management of nephrotoxicity.
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Introduction

Drug-induced nephrotoxicity represents a significant and growing challenge in clinical medicine, particularly in patients undergoing treatment with
nephrotoxic agents such as aminoglycosides, nonsteroidal anti-inflammatory drugs (NSAIDs), and chemotherapeutic compounds. These drugs, while
therapeutically necessary, can impair renal function through mechanisms such as oxidative stress, inflammation, and tubular cell apoptosis, potentially
leading to acute kidney injury (AKI) and chronic kidney disease (CKD) if not detected early [1,2].

The current gold standard for assessing renal function is the measurement of serum creatinine levels. Creatinine, a byproduct of muscle metabolism, is
excreted via the kidneys and rises in the blood when glomerular filtration rate (GFR) declines. However, serum creatinine is known to lack sensitivity for
early-stage nephrotoxicity detection, as its levels often remain within normal limits until substantial renal damage has occurred [3]. This diagnostic delay
can hinder timely clinical intervention and increase the risk of irreversible renal injury [4].

Recent advances in nephrology have highlighted the potential utility of uric acid as a complementary biomarker. Uric acid, a final product of purine
metabolism, reflects tubular function and oxidative stress pathways, offering insight into renal injury before glomerular dysfunction becomes evident
[5]. Elevated serum and reduced urinary uric acid levels have been correlated with early renal impairment in various clinical settings, including drug-
induced nephropathy, making it a candidate for improved diagnostic precision [6].

Moreover, the clinical need for non-invasive, cost-effective diagnostic tools has led to increasing interest in urine-based biomarker analysis. Unlike

serum testing, which requires venipuncture, urine sample collection is non-invasive and more feasible for routine screening, especially in resource-
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limited environments or outpatient care [7]. Studies have shown that urinary creatinine and uric acid levels not only reflect serum values but also provide
additional information about renal tubular handling and damage [8].

Given the limitations of traditional biomarkers and the need for early nephrotoxicity detection, a multi-marker approach is warranted. This study
evaluates the utility of creatinine and uric acid levels in both serum and urine for diagnosing drug-induced nephrotoxicity. It also explores the feasibility of
using these markers in non-invasive urine testing and assesses their sensitivity,

specificity, and diagnostic accuracy using statistical techniques such as correlation analysis and ROC curve evaluation.
This research is designed to address the following objectives:

e  To evaluate the changes in serum creatinine levels in response to drug-induced nephrotoxicity.

. To assess the correlation between uric acid levels (in both blood and urine) and renal impairment.

e To compare the diagnostic utility of creatinine and uric acid as biomarkers for early nephrotoxicity detection.

e To determine the dose-dependent nephrotoxic effects of drugs on creatinine and uric acid levels.

e To establish a cost-effective, non-invasive diagnostic approach using urine biomarkers for early detection of drug-induced nephrotoxicity.

Methodology

Study Design

This study employed a prospective observational research design to evaluate changes in serum and urinary levels of creatinine and uric acid in patients
exposed to nephrotoxic drugs. The study was conducted over four weeks in a tertiary care hospital, following quantitative methods and standardized
protocols for data and sample collection.

Study Population

The population comprised patients receiving known nephrotoxic drugs, including aminoglycosides, NSAIDs, chemotherapeutics, and radiocontrast
agents. Participants were selected based on the following inclusion and exclusion criteria:

Inclusion Criteria:

. Age between 18 and 65 years

. Receiving nephrotoxic drugs for a minimum duration of 7 days
. Normal baseline renal function (CKD stage 1 or below)

. Provided written informed consent

Exclusion Criteria:
. Pre-existing CKD (stage > 2)
e  History of gout or hyperuricemia
. Acute infections or systemic inflammatory disorders
e  Pregnant or lactating individuals

Sample Size Determination

A total of 50 participants (n = 50) were recruited using purposive sampling. The sample size was calculated based on a confidence level of 95% and
statistical power of 80%, with consideration of previously reported variability in creatinine and uric acid levels during nephrotoxic drug exposure.

Data Collection

Data were collected in two parts:

. Demographic and clinical variables: Age, gender, BMI, drug type, dosage, duration, and comorbid conditions.
. Biochemical parameters: Serum and urinary levels of creatinine and uric acid at predefined intervals.
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Table 1: Demographic and Clinical Variables Collected

Variable Type Measurement Tool/Unit
Age Quantitative Years
Gender Categorical Male/Female
BMI Quantitative kg/m?
Drug exposure Categorical Yes/No
Type of drug Categorical Antibiotic/NSAID/Chemo
Dosage level Categorical Low/Moderate/High
Duration of therapy Quantitative Days

Biochemical Sampling Protocol Sample Collection Time Points:

. Baseline (Day 0): Pre-drug exposure

e Day 3 of Therapy

e Day 7 of Therapy

. Post-Therapy (Day 14)

Sample Types and Methods:

e Blood Samples: Collected via venipuncture after overnight fasting; serum isolated by centrifugation.

e  Urine Samples: Midstream clean-catch samples collected for spot and 24-hour analysis.
Table 2: Biochemical Tests and Analytical Techniques

Parameter Biological Fluid Analytical Method
Serum Creatinine Blood Jaffe’s Kinetic Method
Serum Uric Acid Blood Uricase-Peroxidase Method
Urinary Creatinine Urine Alkaline Picrate Method
Urinary Uric Acid Urine Enzymatic Colorimetric Assay
GFR (Estimated) Blood CKD-EPI Equation
Creatinine Clearance Urine/Blood Cockcroft-Gault Formula

Grouping Based on Drug Dosage

Participants were categorized into three dosage groups for dose-response analysis:

Table 3: Drug Dosage-Based Grouping

Group Name Description Sample Size
Low Dose Therapeutic dose at a minimum threshold 17
Moderate Dose Standard clinical dose 16
High Dose Above-standard or intensified dose 17
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Statistical Analysis

All statistical analyses were conducted using SPSS Version 27 and GraphPad Prism. The following tests and procedures were applied:

. Descriptive Statistics: Mean, standard deviation, and frequency distribution.

. Paired t-test: To compare biomarker levels pre- and post-exposure.

. One-way ANOVA: For comparison across dosage groups.

e  Pearson's Correlation: To assess relationships between serum and urinary biomarkers.

e  ROC Curve Analysis: To evaluate diagnostic performance (sensitivity, specificity, AUC).

e  Multivariate Regression: To assess the influence of dosage and other variables on renal biomarkers.

Statistical significance was established at p < 0.05.

Ethical Considerations

The study was approved by the Institutional Ethics Committee (IEC) of the participating hospital. Informed consent was obtained from all participants.

Data confidentiality and anonymity were maintained through coded identifiers.

Results

Socio-Demographic Profile

The demographic characteristics of the participants are summarized below.

Table 4: Socio-Demographic Profile of Study Participants (n = 50)

Variable Categories Frequency (n) Percentage (%)
18-30 10 20.0%
0,
Age Group (years) 31745 1 22.0%
46-60 13 26.0%
61+ 16 32.0%
Male 21 42.0%
Gender
Female 29 58.0%
Underweight 14 28.0%
0,
BMI Category Normal 10 20.0%
Overweight 10 20.0%
Obese 16 32.0%
) . Kidney Disease (Yes) 32 64.0%
Medical History
Kidney Disease (No) 18 36.0%
Smoker 26 52.0%
Smoking Status Non-Smoker 24 48.0%
Nephrotoxic Drugs (Yes) 25 50.0%
Drug Exposure Nephrotoxic Drugs (No) 25 50.0%
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Figure 1: Socio-Demographic Profile of Study Participants (n = 50)

Changes in Serum Creatinine Levels (Objective 1)

A statistically significant increase in serum creatinine levels was observed after drug exposure.

Table 5: Serum Creatinine Levels Pre- and Post-Exposure (mg/dL)

Measurement Mean + SD Min-Max p-value (Paired t-test)
Pre-Exposure 0.866 +0.140 0.606-1.178 -
Post-Exposure 1.068 £0.173 0.693-1.414 <0.001

The increase in serum creatinine suggests reduced glomerular filtration following drug exposure, indicating impaired renal function.

Measurement

0.0

Pre-Exposure

p-value: < 0.001

Post-Exposure

Figure 2:Serum Creatinine Levels Pre- and Post-Exposure (mg/dL)
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Correlation Between Uric Acid and Renal Impairment (Objective 2)

A moderate inverse correlation was found between blood and urine uric acid levels post-drug exposure.
Table 6: Uric Acid Levels and Correlation (mg/dL)

Parameter Mean = SD Correlation Coefficient (r) p-value
Blood Uric Acid (Post) 598 +1.07 -
Urine Uric Acid (Post) 246.35 £ 52.90 -0.203 0.158

Although statistically non-significant, the trend of decreased urinary uric acid with increased serum levels indicates reduced renal clearance, a typical

feature of nephrotoxicity.
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Figure 3: Uric Acid Levels and Correlation (mg/dL)
Diagnostic Performance of Biomarkers (Objective 3)
The diagnostic accuracy of creatinine and uric acid was evaluated using ROC curve analysis.

Table 7: ROC Curve Analysis for Biomarkers

Biomarker AUC Value Interpretation
Serum Creatinine 0.91 Excellent diagnostic value
Serum Uric Acid 0.89 Strong diagnostic value

Creatinine shows superior specificity, whereas uric acid offers better sensitivity for early detection. A combined use enhances diagnostic

accuracy.
Dose-Dependent Effects of Drugs on Biomarkers (Objective 4)

Creatinine and uric acid levels were significantly higher in participants who received high doses of nephrotoxic drugs.
Table 8: Biochemical Marker Levels by Drug Dosage

Dosage Group Creatinine (mg/dL) Mean + SD Uric Acid (mg/dL) Mean + SD
Low Dose (n=17) 1.07 +£0.29 4.55+0.64
Moderate Dose (n=16) 1.74+0.27 5.89+0.92
High Dose (n=17) 2.38+0.28 7.10+0.51
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Statistical Analysis:

One-way ANOVA for both markers: p < 0.001

A clear dose-response relationship is evident, with higher drug doses leading to significant biomarker elevation.

Creatinine and Uric Acid Levels by Dosage Group

Creatinine (mg/dL)

Mean + SD (mg/dL)
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Figure 4: Biochemical Marker Levels by Drug Dosage
Evaluation of Urine as a Non-Invasive Diagnostic Tool (Objective 5)
Urinary biomarkers correlated strongly with their serum counterparts, validating their diagnostic relevance.
Table 9: Correlation Between Serum and Urinary Biomarkers
Biomarker Pair Correlation Coefficient (r) p-value
Serum vs. Urinary Creatinine 0.87 <0.001
Serum vs. Urinary Uric Acid 0.82 <0.001
Table 10: Diagnostic Performance (AUC Values) — Urine vs. Serum
Biomarker Source AUC Value
Creatinine Serum 0.91
Creatinine Urine 0.88
Uric Acid Serum 0.89
Uric Acid Urine 0.86

Urine-based biomarkers offer comparable diagnostic power to serum testing, supporting their use in cost-effective, non-invasive nephrotoxicity

screening.
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Discussion

The present study evaluated the diagnostic utility of creatinine and uric acid levels in blood and urine as indicators of drug-induced nephrotoxicity. The
findings revealed critical insights into the sensitivity, specificity, and applicability of these biomarkers for early renal impairment detection, particularly
in patients undergoing therapy with nephrotoxic drugs such as aminoglycosides, NSAIDs, and chemotherapeutic agents.

A significant rise in serum creatinine post-drug exposure confirms its role as a dependable marker of reduced glomerular filtration rate (GFR) and
overall kidney dysfunction. This aligns with prior studies that recognize serum creatinine as a standard clinical tool for detecting kidney injury in later
stages of nephrotoxicity [8,9]. However, despite its specificity, creatinine is limited by its delayed rise following renal insult and its sensitivity to non-
renal factors such as muscle mass and hydration status [10].

Uric acid, by contrast, emerged in this study as a more sensitive marker for early nephrotoxic changes. A strong positive correlation (r = 0.85) between
serum uric acid and renal impairment was observed, indicating that uric acid elevations may precede those of creatinine. This finding supports recent
research suggesting that uric acid plays a dual role as both a biomarker and a contributor to kidney injury via oxidative stress, endothelial dysfunction,
and pro-inflammatory pathways [11,12]. Although the correlation between blood and urine uric acid levels did not

reach statistical significance in this study (p = 0.158), the observed inverse trend is consistent with impaired renal excretion during nephrotoxic injury
[13].

The ROC curve analysis further validates the diagnostic performance of both markers. Creatinine demonstrated a higher area under the curve (AUC =
0.91), confirming its strong specificity. However, uric acid’s AUC of 0.89 suggests a nearly equivalent predictive capacity, especially when used in
combination with creatinine for dual-biomarker diagnostics. These findings echo those of Williams et al., who reported that while creatinine effectively
identifies glomerular damage, uric acid better detects early tubular injury [14].

Moreover, this study uncovered a clear dose-response relationship between nephrotoxic drug exposure and the elevation of both biomarkers.
Participants in the high-dose group exhibited significantly elevated creatinine and uric acid levels (p < 0.001), indicating that biomarker monitoring
could inform safe dosage thresholds and minimize renal risk. Similar findings have been reported in nephrotoxicity models involving aminoglycosides
and cisplatin, where increasing drug concentrations proportionally worsened renal biomarker profiles [15,16].

Perhaps one of the most clinically significant findings is the strong correlation between urinary and serum biomarker levels (r > 0.8). This reinforces the
feasibility of urine-based diagnostics as a reliable, non-invasive, and cost-effective alternative to blood testing. Given the minimal invasiveness, low
cost, and ease of sample collection, urine-based tests could be integrated into routine monitoring protocols, especially in high-risk outpatient or resource-
limited settings [17,18].

While traditional markers like serum creatinine remain in clinical use, emerging literature advocates for multi-marker strategies incorporating novel
biomarkers such as NGAL (neutrophil gelatinase-associated lipocalin), KIM-1 (kidney injury molecule-1), and cystatin C. Although these were not
examined in the current study, future research could explore their synergistic potential with creatinine and uric acid to further refine nephrotoxicity
diagnostics [19].

Opverall, this study bridges a crucial diagnostic gap by demonstrating that a dual-marker approach using creatinine and uric acid enhances early detection
and risk stratification in drug- induced nephrotoxicity. It also supports the growing paradigm shift toward non-invasive urine testing, aligning with global
trends in personalized medicine and preventive nephrology.

Conclusion

Drug-induced nephrotoxicity remains a prevalent and clinically significant complication in patients undergoing therapy with nephrotoxic agents. This
study evaluated the diagnostic potential of creatinine and uric acid levels in both blood and urine as indicators of renal impairment. The findings
confirmed that serum creatinine remains a highly specific marker for advanced nephrotoxicity, while uric acid offers greater sensitivity for detecting
early-stage renal dysfunction. Together, these markers form a complementary diagnostic pair, with creatinine reflecting glomerular filtration efficiency
and uric acid providing insight into tubular function and oxidative stress responses.

The strong correlation between serum and urinary levels of both biomarkers (r > 0.8) validates the utility of urine-based testing as a reliable, non-
invasive, and cost-effective alternative to traditional blood tests. This has significant implications for clinical practice, especially in outpatient settings
and in resource-limited regions where routine blood draws are not always feasible. The study also established a dose-response relationship, indicating
that higher levels of nephrotoxic drug exposure directly correspond to elevated biomarker levels, thereby reinforcing the need for dose monitoring to
prevent renal complications.

Based on the study’s outcomes, the following key recommendations are proposed:

e  Routine dual-marker monitoring of serum creatinine and uric acid should be integrated into treatment protocols for patients receiving
nephrotoxic medications.

e  Urine-based biomarker screening should be adopted as a first-line, non-invasive tool for early detection, particularly in high-risk
populations or where frequent blood sampling is impractical.

e  Dose adjustments must be considered in patients exhibiting rising levels of nephrotoxicity biomarkers, to minimize the risk of long-term
renal impairment.

. Clinical guidelines should be updated to include uric acid as a standard component of nephrotoxicity assessment, especially in the context
of tubular dysfunction.

. Further research is encouraged to expand on these findings by including additional biomarkers (e.g., NGAL, KIM-1, cystatin C) and

exploring their combined diagnostic efficacy in larger, longitudinal studies.
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In summary, the study underscores the diagnostic value of creatinine and uric acid in the early detection and monitoring of drug-induced nephrotoxicity.
A dual-biomarker strategy, supported by urine-based testing, offers a pragmatic and clinically effective approach to improving patient safety, optimizing
drug regimens, and reducing the burden of renal complications.
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