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Abstract  

The detection of renal dysfunction before irreversible damage occurs remains a critical challenge in 

clinical nephrology. Traditional markers demonstrate limited sensitivity during initial phases of 

kidney injury. This investigation examined emerging biomarkers in patients with stage 1-2 chronic 

kidney disease, comparing their diagnostic performance against conventional parameters. Analysis 

of 284 patients revealed that novel markers, particularly neutrophil gelatinase-associated lipocalin 

and cystatin C, demonstrated superior sensitivity for detecting subtle functional changes. Early 

identification through these biomarkers enables timely therapeutic intervention, potentially altering 

disease trajectory before advanced pathological changes become established. 
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Introduction  

Chronic kidney disease represents a progressive clinical syndrome affecting approximately 13 

percent of the global population, yet early stages frequently escape detection until substantial nephron 

loss has occurred. The insidious nature of renal deterioration means that patients often remain 

asymptomatic while pathological processes advance silently. Conventional diagnostic parameters, 

particularly serum creatinine and estimated glomerular filtration rate, possess inherent limitations that 

compromise their utility during initial disease phases. Creatinine concentrations remain within 

reference ranges until roughly 50 percent of renal function has been compromised, creating a 

diagnostic blind spot during which irreversible structural damage accumulates. This delayed 

recognition results in missed opportunities for therapeutic intervention when kidneys retain 

substantial regenerative capacity. The identification of biomarkers capable of detecting subtle 

functional and structural changes before traditional parameters become abnormal has therefore 

emerged as a priority in contemporary nephrology research. 

 

Literature Review 

Extensive investigation into renal biomarkers has revealed significant disparities in diagnostic 

performance between classical and emerging markers. Murkamilov and colleagues demonstrated that 

cystatin C exhibits superior correlation with actual glomerular filtration compared to creatinine-based 

estimates, particularly among patients with mild renal impairment. Research conducted by 

Kayumkhonov established that neutrophil gelatinase-associated lipocalin concentrations rise 

dramatically within hours of tubular injury, preceding creatinine elevation by 24 to 48 hours. 

Nazirova's comprehensive analysis of kidney injury molecule-1 revealed its specific expression in 

proximal tubular epithelium following various nephrotoxic insults, distinguishing it from markers 
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elevated in non-renal conditions. Comparative studies by Rakhimova indicated that combined 

biomarker panels achieve diagnostic accuracy exceeding 85 percent for stage 1 chronic kidney 

disease, substantially surpassing single-marker approaches. These investigations collectively suggest 

that traditional reliance on creatinine-based assessment results in systematic underdiagnosis during 

critical early phases. 

 

Methodology 

This prospective observational study enrolled 284 patients presenting to the nephrology department 

between March 2022 and November 2023. Participants were stratified into three groups based on 

kidney function status. The first cohort comprised 112 patients with stage 1 chronic kidney disease, 

defined by persistent albuminuria exceeding 30 milligrams per 24 hours with estimated glomerular 

filtration rate above 90 milliliters per minute per 1.73 square meters. The second group included 94 

patients with stage 2 disease, characterized by estimated glomerular filtration rate between 60 and 89 

milliliters per minute per 1.73 square meters with evidence of structural kidney damage. A control 

group of 78 apparently healthy volunteers with normal renal function and absence of proteinuria 

underwent identical assessment protocols. Inclusion criteria required participants aged between 25 

and 65 years with documented evidence of renal abnormalities persisting for at least three months in 

patient groups, or confirmed normal kidney function in controls. Exclusion criteria eliminated 

individuals with acute kidney injury within the preceding six months, active urinary tract infections, 

malignancies, severe cardiac dysfunction, hepatic cirrhosis, or immunosuppressive therapy. Pregnant 

women and those refusing informed consent were likewise excluded.Laboratory assessment 

encompassed both conventional and novel biomarkers. Blood samples were obtained following 

overnight fasting, with serum separated within 30 minutes and stored at minus 80 degrees Celsius 

until batch analysis. Serum creatinine was measured using enzymatic methodology with coefficient 

of variation below 2.5 percent. Estimated glomerular filtration rate was calculated using the Chronic 

Kidney Disease Epidemiology Collaboration equation. Serum cystatin C was quantified through 

particle-enhanced turbidimetric immunoassay with measuring range of 0.4 to 8.0 milligrams per liter. 

Urine specimens collected over 24-hour periods underwent analysis for albumin excretion using 

immunoturbidimetric methods with detection limit of 3 milligrams per liter. Urinary neutrophil 

gelatinase-associated lipocalin was measured using enzyme-linked immunosorbent assay with 

analytical sensitivity of 0.05 nanograms per milliliter, results normalized to urinary creatinine 

concentration. Kidney injury molecule-1 quantification employed sandwich enzyme-linked 

immunosorbent assay technique with intra-assay precision coefficient below 5 percent. Interleukin-

18 concentrations in urine were determined using high-sensitivity immunoassay with measurement 

range extending from 12.5 to 800 picograms per milliliter. 

 

Results 

Demographic characteristics demonstrated comparable distribution across groups, with mean age of 

48.3 years in stage 1 patients, 51.7 years in stage 2 patients, and 47.9 years among controls. Gender 

distribution showed 58 percent male predominance in patient groups compared to 52 percent in 

controls, a difference lacking statistical significance. Traditional biomarkers exhibited expected 

patterns. Serum creatinine concentrations in stage 1 patients averaged 88.4 micromoles per liter, 
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remaining within laboratory reference ranges despite documented kidney damage. Stage 2 patients 

demonstrated mean creatinine of 106.7 micromoles per liter, marginally elevated but frequently 

overlooked in clinical practice. Control subjects averaged 79.2 micromoles per liter. Despite normal 

creatinine values in stage 1 disease, estimated glomerular filtration rate averaged 94.6 milliliters per 

minute per 1.73 square meters, with 34 percent of patients showing values between 90 and 95, 

suggesting subtle dysfunction undetectable by creatinine alone. Cystatin C demonstrated markedly 

superior discrimination. Stage 1 patients exhibited mean concentration of 1.14 milligrams per liter 

compared to 0.87 milligrams per liter in controls, representing 31 percent elevation with strong 

statistical significance. Stage 2 patients averaged 1.42 milligrams per liter. Receiver operating 

characteristic analysis revealed area under curve of 0.847 for detecting stage 1 disease, with optimal 

cutoff of 1.02 milligrams per liter yielding sensitivity of 78 percent and specificity of 82 percent. 

Correlation with measured glomerular filtration rate exceeded that of creatinine, with Spearman 

coefficient of negative 0.73 versus negative 0.58. 

Urinary neutrophil gelatinase-associated lipocalin displayed dramatic increases even in earliest 

disease phases. Stage 1 patients demonstrated median concentration of 47.3 nanograms per milligram 

creatinine, compared to 8.2 nanograms per milligram creatinine in controls, representing nearly 

sixfold elevation. Stage 2 patients showed further increase to 89.6 nanograms per milligram 

creatinine. Area under curve reached 0.912 for stage 1 detection, with cutoff value of 18.5 nanograms 

per milligram creatinine achieving sensitivity of 89 percent and specificity of 86 percent. Notably, 23 

percent of stage 1 patients with entirely normal creatinine and estimated glomerular filtration rate 

above 100 milliliters per minute per 1.73 square meters still demonstrated elevated neutrophil 

gelatinase-associated lipocalin, suggesting tubular injury preceding measurable functional decline. 

Kidney injury molecule-1 exhibited selective elevation in proximal tubular dysfunction. Stage 1 

patients averaged 2.84 nanograms per milligram creatinine compared to 0.63 nanograms per 

milligram creatinine in controls. Stage 2 concentrations reached 4.17 nanograms per milligram 

creatinine. Diagnostic performance yielded area under curve of 0.823, with optimal cutoff of 1.45 

nanograms per milligram creatinine providing sensitivity of 74 percent and specificity of 79 percent. 

Strong correlation emerged between kidney injury molecule-1 and degree of tubulointerstitial fibrosis 

among patients undergoing renal biopsy, with Spearman coefficient of 0.68. Interleukin-18 

concentrations in stage 1 patients averaged 187 picograms per milliliter versus 94 picograms per 

milliliter in controls, though demonstrating greater individual variability than other markers. Area 

under curve of 0.776 suggested moderate discriminative ability, with sensitivity of 71 percent and 

specificity of 73 percent at cutoff of 135 picograms per milliliter. Combined biomarker assessment 

utilizing cystatin C, neutrophil gelatinase-associated lipocalin, and kidney injury molecule-1 achieved 

area under curve of 0.941 for stage 1 disease detection, substantially exceeding any single marker. 

Using logistic regression modeling with these three parameters, diagnostic sensitivity reached 91 

percent with specificity of 89 percent, compared to just 47 percent sensitivity for creatinine-based 

assessment alone at comparable specificity. 

 

Discussion 

The findings underscore fundamental inadequacies in conventional diagnostic approaches to early 

renal dysfunction. Creatinine's dependence on muscle mass, dietary intake, and tubular secretion 
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introduces substantial variability that masks subtle functional decline. The phenomenon whereby 

creatinine remains normal despite 30 to 50 percent nephron loss reflects compensatory hyperfiltration 

in remaining functional units, temporarily maintaining total filtration capacity while individual 

nephrons sustain damage. This investigation confirms that reliance on creatinine-based assessment 

results in systematic failure to identify patients during therapeutic windows when interventions 

demonstrate maximal efficacy. 

Cystatin C emerges as a superior functional marker due to its stable production rate, complete 

glomerular filtration, and minimal extrarenal influences. The 31 percent elevation observed in stage 

1 patients despite normal creatinine concentrations validates its enhanced sensitivity for detecting 

early dysfunction. These results align with observations by Murkamilov demonstrating cystatin C 

superiority in mild renal impairment, though the current study extends these findings by directly 

comparing multiple novel markers simultaneously. Neutrophil gelatinase-associated lipocalin 

represents perhaps the most striking advancement, with nearly sixfold elevation in early disease 

despite preserved overall kidney function. This dramatic increase reflects its expression by injured 

tubular epithelium rather than dependence on filtration, enabling detection of structural damage 

before functional parameters deteriorate. The observation that 23 percent of patients with entirely 

normal conventional parameters demonstrated elevated neutrophil gelatinase-associated lipocalin 

suggests substantial subclinical injury, potentially representing a pre-clinical disease stage amenable 

to aggressive prevention strategies. Kidney injury molecule-1 specificity for proximal tubular injury 

provides complementary diagnostic information, particularly valuable for distinguishing injury 

patterns. Its strong correlation with histological fibrosis suggests potential utility for non-invasive 

assessment of structural damage severity, potentially reducing dependence on invasive biopsy 

procedures in selected cases. 

The superior diagnostic performance achieved through combined biomarker panels reflects the 

multifaceted nature of kidney injury, encompassing glomerular, tubular, and inflammatory 

components inadequately captured by single parameters. The 91 percent sensitivity achieved through 

three-marker combination represents clinically meaningful improvement over conventional 

approaches, potentially enabling detection of substantially greater patient proportions during early 

stages. 

Novel biomarkers demonstrate markedly superior sensitivity for detecting early renal dysfunction 

compared to conventional creatinine-based assessment. Cystatin C, neutrophil gelatinase-associated 

lipocalin, and kidney injury molecule-1 identify subtle functional and structural changes during stages 

when traditional parameters remain deceptively normal. Implementation of combined biomarker 

panels in clinical practice would enable substantially earlier diagnosis, creating opportunities for 

therapeutic intervention during phases when kidney damage remains potentially reversible. 
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