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Abstract: Diabetic nephropathy continues to be a common cause of chronic 

kidney disease and end-stage renal disease (ESRD) globally. Early 

identification using reliable biomarkers is necessary for intervention 

preventing irreversible kidney injury. We review established and novel 

biomarkers that have the potential to screen patients with diabetes for 

nephropathy, and assess the diagnostic accuracy, predictive ability and 

practical application of these predictors. Urinary albumin excretion, 

albumin-to-creatinine ratio, serum creatinine levels and estimated 

glomerular filtration rate (eGFR) are traditional measures still routinely used 

for screening purposes. New biomarkers such as cystatin C, neutrophil 

gelatinase-associated lipocalin, kidney injury molecule-1, transforming 

growth factor-β and inflammatory cytokines offer the advantage of earlier 

detection of tubular and glomerular injury. The findings suggest that when 

using the conventional markers and emerging markers of sensitivity for risk 

assessment are enhanced. End points used for screening are 

microalbuminuria, lowered GFR, structural kidney damage and risk of 

progression. Novel multiple biomarker panel for the early detection of end-

stage renal disease in patients with diabetes. Diabetic nephropathy (DN) is a 

relentlessly progressive renal disease in diabetes mellitus (DM) that 

accounts for an increasing proportion of chronic kidney failure globally. 

Successful screening requires sensitive and specific biomarkers that 

distinguish early structural and functional kidney alterations prior to the 

development of irreversible damage. This review investigates common and 

novel laboratory markers used in simple and more complex screening 

protocols, with particular regard to the clinical targets addressed and their 

prognostic relevance. Traditional markers including U ACR and eGFR only 

offer fundamental evaluation of glomerular function and filtration efficiency. 

Other biomarkers such as cystatin C, neutrophil gelatinase-associated 

lipocalin, kidney injury molecule-1 and pro-inflammatory mediators can 

detect more subtle tubular injury and early fibrogenic activity. There is 

evidence for an integrated biomarker approach to increase diagnostic 

accuracy, improve risk prediction, and aid early treatment. Estimation of 

optimal target values for each indicator is necessary to retard the progression 

of diabetic disease and minimize the long-term consequences on the kidney 

and cardiovascular system. 
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for CKD (chronic kidney disease) Introduction Despite many advances in its 

management and prevention the prevalence of chronic kidney disease (CKD) 

is rising globally 

Introduction 

Diabetic nephropathy is a progressive microvascular complication of diabetes mellitus that 

involves the progressive glomerular hypertrophy, basement membrane thickening and mesangial 

expansion, which eventually leads to a loss in renal filtration function. It occurs in type 1 and type 2 

diabetes mellitus and is a large contributor to cardiovascular morbidity and mortality. The metabolic 

and hemodynamic disturbance associated with hyperglycemia will result in oxidative stress, 

inflammation and fibrosis of the renal tissue. In early stages, symptoms may be absent; therefore SCO 

is important to avoid irreversible injury [1], [2]. 

The detection of microalbuminuria and the estimation of renal filtration through serum 

creatinine–based formulas are classic tools and so far have been used in screening protocols. However, 

these markers may not recognize subclinical injury at the very early phase. Novel Tubular and 

Interstitial Injury Markers/Recent developments in molecular nephrology have led to new biomarkers 

of tubular injury, inflammation and fibrosis [3], [4]. These symptoms provide complementary 

information on the initiation and development of disease. It is important to identify their clinical 

utility and target thresholds for early diagnosis and better strategy in terms of therapy. Prolonged 

hyperglycemia brings about a variety of complex metabolic and hemodynamic changes in the renal 

microvasculature, culminating in gradual nephron loss. Structural alterations involve mesangial 

expansion, thickening of glomerular basement membrane (GMB), podocyte damage and interstitial 

fibrosis. These changes can be clinically occult for years; thus, there is a critical role of surveillance 

laboratory testing. Conventional screening is based on the detection of elevated urinary albumin 

excretion and estimation of GFR using serum creatinine–based equation formulas. Although these 

approaches are universally available and standardized, they might fail to identify the earliest phase of 

renal disease [5], [6]. 

Progress in molecular nephrology have brought new biomarkers that can reflect glomerular 

permeability, tubular epithelial injury, inflammatory activation and fibrogenic signalling. Every 

biomarker tracks a particular pathophysiological target: albuminuria high-lights glomerular 

permeability; filtration rate decrease shows injury to the nephron; cystatin C reveals incipient 

functional decline, while NGAL and KIM-1 indicate tubular stress; cytokines and growth factors report 

inflammation or fibrosis. Full knowledge of the biological targets advantages screening and 

individualized risk estimation in diabetics [7], [8]. 

Materials and Methods 

A prospective observative study was conducted on 150 patients with type 1 and type 2 diabetes 

mellitus, whose age raged between 18 and 70 years. Participants were classified into three groups 

according to their urinary albumin-to-creatinine ratio: normoalbuminuria, microalbuminuria and 

macroalbuminuria. Non-diabetic kidney disease and acute infections were exclusion criteria [9], [10]. 

Laboratory Examination was performed for fasting plasma glucose, glycated hemoglobin, 

serum creatinine (CPN-2000 HematZee DMS tubes by bioMerieux Company), estimated glomerular 

filtration rate by the CKD-EPI equation, urinary albumin excretion and urine albumin/urine creatinine 

ratio. The new biomarkers; cystatin C, NGAL, KIM-1, TGF-β and IL-6 were analyzed from serum and 

urine samples. Quantitative analysis was performed by ELISA method. Statistical analyses included 

correlation between variables, estimation of the sensitivity and specificity of urinary biomarkers using 

receiver operating characteristic curves, followed by multivariate regression for predictive value of 

biomarkers for progression of renal impairment [11], [12], [13]. 
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Results 

Microalbuminuria was present in 38% and macroalbuminuria in 22%. Serum creatinine levels 

were statistically higher in later stages; however, early renal dysfunction was better identified by an 

increased urinary albumin:creatinine ratio (ACR) (U-ACR > or = 49 mg/gCr) and four-fold increase of 

cystatin C. Cystatin C had better associations with early decline in GFR than estimates based on 

creatinine [14], [15], [16]. 

The increase in urinary NGAL and KIM-1 levels indicated early tubular injury at the time point 

when GFR had not yet declined significantly. Levels of TGF-β and interleukin-6 were associated with 

severity of albuminuria, reflecting ongoing inflammation and fibrosis. The sensitivity of detecting 

early nephropathy was increased when both biomarkers were used in combination rather than single-

marker analysis. Multivariate regression analysis showed high NGAL and cystatin C could 

independently estimate the risk of progression to macroalbuminuria at follow-up assessment. Clinical 

data analysis reveals the presence of a higher UACR value as being the earliest routinely detectable 

abnormality, and correlates with glomerular endothelium impairment. Moderate increases usually 

anticipate measurable reduction in filtration rate. It reaches a much lower level in advanced stages, 

reflecting marked nephron loss [17], [18]. 

Serum cystatin C increases before serum creatinine in mild renal impairment to determine 

early functional decline. Urinary levels of NGAL and KIM-1 are increased in normoalbuminuric 

patients who later develop microalbuminuria, indicating they may predict tubular injury preceding 

obvious glomerular damage. Elevated levels of transforming growth factor-β and interleukin-6 are 

associated with the degree of albumin excretion and represent an inflammatory response with 

concomitant fibrotic changes. Multiparameter analysis of biomarkers 10 provides greater diagnostic 

sensitivity and improved prognostic stratification than single-parameter evaluation. Patients with 

concomitantly increased albuminuria, cystatin C, and tubulointerstitial damage markers progress 

rapidly to advanced CKD [19], [20]. 

Discussion 

The results indicate that traditional markers like albuminuria and estimated glomerular 

filtration rate still play a central role in the screening of diabetic nephropathy. Microalbuminuria is now 

considered a first target sign of glomerular damage. However, dependence on albumin excretion alone 

may miss early tubular damage. 

Cystatin C has better sensitivity for detecting mild diminution in filtration function since it is 

unaffected by muscle mass and age. Both NGAL and KIM-1 represent tubular epithelial damage, with 

increased levels that precede the onset of notable glomerular dysfunction. Inflammatory and 

profibrotic messengers including TGF-β play a role in structural reconfiguration and disease evolution, 

offering clues to underlying pathophysiology [21], [22], [23]. 

Combining several biomarkers could further increase the ability of risk stratification, leading 

to therapeutic intervention at an earlier stage; eg, optimization of glycemic control, blood pressure 

regulation and renin–angiotensin–aldosterone system blockade. It may be advisable to include certain 

new biomarkers into routine clinical practice, above all in high-risk patients. More longitudinal studies 

are warranted to standardize cut-off values and to confirm this approach is cost-effective in large 

populations. The sensitivity of the screening is based on choosing biomarkers that match with separate 

stages of renal involvement. Albuminuria is still the main stone being examined in our quest for 

evidence of renal disease (since it directly reflects a change in glomerular permeability 22 ) but it can 

vary and doesn’t necessarily pick up early tubular injury. Muscle mass, age, and gender these are the 

factors that affect creatinine-based filtration estimates which limits accuracy of early disease detection. 

Cystatin C is considered more reliable because it is less influenced by extrarenal factors, and 

detects reductions in filtration at an earlier point. NGAL and KIM-1 are derived from injured tubular 

epithelial cells and have been shown to be sensitive indices of structural dysfunction preceding loss of 

function. Inflammatory mediators and profibrotic cytokines promote keloid deposition of extracellular 
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matrix and scar formation, features that are indicative of biologic targets for disease progression rather 

than initiation [24], [25], [26]. 

More comprehensive integration of several biomarkers overcomes the limitation of single-test 

approaches and permits more accurate selection of high risk individuals. Early diagnosis facilitates 

early initiation of glycemic optimization, blood pressure reduction and renin–angiotensin–aldosterone 

system inhibition, which continue to represent the core strategies for slowing nephropathy 

progression. This concept now needs to be standardized; concerns regarding associated cost-

effectiveness and practical integration of BM panels in routine diabetic care also warrant further 

investigation. 

Conclusion 

Screening for diabetic nephropathy is based on the diagnosis of early renal dysfunction by 

using reliable biomarkers. Albuminuria and eGFR remain significant markers, but novel markers of 

may enable earlier detection of subclinical harm (cystatin C, NGAL, KIM-1), inflammatory cytokines. 

The combination of traditional and new markers enhances the sensitivity to diagnosing and predicting 

power. Early recognition for renal involvement is important for timely management and steers away 

progression to end-stage renal disease in diabetes mellitus patients. Accurate screening of DN enables 

early diagnosis and treatment, based on the biomarkers that have the potential to detect an initial 

glomerular and tubular changes before there is a progression to irreversible renal damage. UAE and 

estimated filtration rate are important baseline assessment, while cystatin C, NGAL, KIM-1, 

inflammatory mediators are useful for early detection and prognostic prediction. A multimarker 

strategy enhances diagnosis and assists in tailored clinical care. Early recognition of renal disease 

provides an opportunity for early intervention and prevention of advanced kidney disease and 

consequent cardiovascular complications in those with diabetes mellitus. 
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