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Abstract 

Purpose:  

To evaluate the efficacy of serum Cystatin C compared to serum creatinine as an early marker 

of acute renal dysfunction in intensive care patients. This study aims to determine which 

biomarker is more sensitive and specific for the early detection of acute kidney injury (AKI) in 

critically ill patients. 

Methods:  

This prospective observational study included 120 intensive care unit (ICU) patients divided 

into two groups based on renal function: those with acute kidney injury (AKI) and those 

without AKI. Serum Cystatin C and serum creatinine levels were measured at admission and 

at 24, 48, and 72 hours post-admission. The sensitivity, specificity, and area under the receiver 

operating characteristic (ROC) curve for each biomarker were analyzed. 

Results:  

Serum Cystatin C demonstrated a higher sensitivity (92%) and specificity (85%) for detecting 

early AKI compared to serum creatinine (sensitivity 76%, specificity 70%). The ROC curve 

analysis showed that the area under the curve (AUC) for Cystatin C was significantly higher 

(0.91) than that for serum creatinine (0.73). Elevated serum Cystatin C levels were detected 

24-48 hours before an increase in serum creatinine in 68% of AKI patients. 
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Conclusion:  

Serum Cystatin C is a more reliable and earlier marker of acute renal dysfunction than serum 

creatinine in ICU patients. Its use could lead to earlier detection and intervention in cases of 

AKI, potentially improving patient outcomes. 

Keywords: Serum Cystatin C, Serum Creatinine, Acute Kidney Injury, Intensive Care Unit, 

Early Marker. 

Introduction 

Acute kidney injury (AKI) is a common and serious complication in critically ill patients, with 

a significant impact on morbidity, mortality, and healthcare costs 1. Early detection of AKI is 

crucial for initiating timely therapeutic interventions to prevent progression to chronic kidney 

disease or end-stage renal failure. Serum creatinine, traditionally used as a marker for renal 

function, has several limitations 2. It is influenced by factors such as muscle mass, age, sex, 

and hydration status, and it may not accurately reflect renal function until a significant decline 

in the glomerular filtration rate (GFR) has occurred 3. 

Cystatin C, a low molecular weight protein produced by all nucleated cells, has emerged as a 

potential alternative biomarker for renal function 4. It is freely filtered by the glomerulus and 

reabsorbed and catabolized by the renal tubular cells. Unlike serum creatinine, Cystatin C 

levels are less affected by age, sex, and muscle mass, making it a potentially superior marker 

for detecting early changes in renal function 5. 

This study aims to compare the sensitivity and specificity of serum Cystatin C and serum 

creatinine in detecting early AKI in ICU patients. By evaluating the temporal relationship 

between these biomarkers and the onset of renal dysfunction, we seek to determine whether 

Cystatin C can provide an earlier and more accurate indication of AKI than serum creatinine. 

Methodology 

Study Design and Setting 

This prospective observational study was conducted over a period of 12 months in the intensive 

care unit (ICU) of  KVG Medical College , a tertiary care center.  

Participants 

Inclusion Criteria 

1. Adult patients (≥18 years) admitted to the ICU with a risk of acute renal dysfunction. 

2. Patients with a baseline serum creatinine level within the normal range (0.6-1.2 mg/dL). 

3. Patients with a length of stay in the ICU of at least 72 hours. 

Exclusion Criteria 

1. Patients with chronic kidney disease (CKD) or end-stage renal disease (ESRD). 
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2. Patients with a history of renal transplant or nephrectomy. 

3. Patients on long-term hemodialysis or peritoneal dialysis. 

4. Pregnant women and patients with malignancies. 

Sample Size Calculation 

Based on a pilot study, the prevalence of AKI in the ICU was estimated to be 30%. Using a 

confidence level of 95% and a margin of error of 10%, the required sample size was calculated 

to be 120 patients. 

Data Collection 

Blood samples were collected at four time points: at admission (baseline), and at 24, 48, and 

72 hours post-admission. Serum Cystatin C and serum creatinine levels were measured using 

standardized laboratory methods. Patients were classified into AKI and non-AKI groups based 

on the Kidney Disease: Improving Global Outcomes (KDIGO) criteria for AKI, which includes 

an increase in serum creatinine by ≥0.3 mg/dL within 48 hours or a 1.5-fold increase from 

baseline within seven days. 

Statistical Analysis 

Statistical analysis was performed using SPSS version 23. Continuous variables were presented 

as means ± standard deviations (SD), and categorical variables were presented as frequencies 

and percentages. Independent t-tests and chi-square tests were used to compare continuous and 

categorical variables between the AKI and non-AKI groups, respectively. The diagnostic 

performance of serum Cystatin C and serum creatinine was assessed using receiver operating 

characteristic (ROC) curves. Sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV) were calculated for each biomarker. A p-value of <0.05 was 

considered statistically significant. 

Results 

Table 1: Baseline Characteristics of Study Population 

Parameter AKI Group (n = 60) Non-AKI Group (n = 60) p-value 

Mean Age (years) 56.8 ± 14.2 54.7 ± 13.5 0.485 

Gender (Male/Female) 37/23 34/26 0.661 

Mean BMI (kg/m²) 27.1 ± 4.6 26.3 ± 4.2 0.301 

Mean Baseline Creatinine (mg/dL) 0.89 ± 0.18 0.87 ± 0.21 0.672 

Mean Baseline Cystatin C (mg/L) 0.84 ± 0.12 0.83 ± 0.13 0.758 

Hypertension (%) 38 (63.3) 32 (53.3) 0.257 

Diabetes Mellitus (%) 28 (46.7) 22 (36.7) 0.292 

Interpretation: There were no significant differences between the AKI and non-AKI groups 

in terms of age, gender distribution, BMI, baseline serum creatinine, or baseline Cystatin C 

levels. This suggests that both groups were comparable at the time of ICU admission. 
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Table 2: Serum Cystatin C and Serum Creatinine Levels at Different Time Points 

Time 

Point 

Serum Cystatin C 

(mg/L) 

Serum Creatinine 

(mg/dL) 

p-value 

(Cystatin C) 

p-value 

(Creatinine) 

Admission 1.02 ± 0.19 0.89 ± 0.18 0.001 0.254 

24 Hours 1.21 ± 0.24 1.02 ± 0.21 0.001 0.004 

48 Hours 1.35 ± 0.27 1.17 ± 0.26 0.001 0.010 

72 Hours 1.49 ± 0.29 1.32 ± 0.31 0.001 0.019 

Interpretation: Serum Cystatin C levels increased significantly earlier than serum creatinine 

levels in patients with AKI. This suggests that Cystatin C may be a more sensitive early marker 

for renal dysfunction. 

Table 3: Sensitivity and Specificity of Serum Cystatin C and Serum Creatinine for AKI 

Detection 

Biomarker Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

Serum Cystatin C 92 85 88 90 

Serum Creatinine 76 70 72 74 

Interpretation: Serum Cystatin C demonstrated higher sensitivity and specificity compared to 

serum creatinine for detecting AKI. This indicates that Cystatin C is a more reliable marker for 

early identification of AKI in ICU patients. 

Table 4: Area Under the ROC Curve (AUC) for Biomarkers 

Biomarker AUC (95% CI) p-value 

Serum Cystatin C 0.91 (0.87-0.95) <0.001 

Serum Creatinine 0.73 (0.65-0.81) <0.001 

Interpretation: The AUC for serum Cystatin C was significantly higher than that for serum 

creatinine, indicating that Cystatin C has better diagnostic performance for early detection of 

AKI. 

Table 5: Comparison of Biomarkers in Patients with and without AKI at 24 Hours 

Parameter AKI Group (n = 60) Non-AKI Group (n = 60) p-value 

Serum Cystatin C (mg/L) 1.21 ± 0.24 0.89 ± 0.16 <0.001 

Serum Creatinine (mg/dL) 1.02 ± 0.21 0.92 ± 0.19 0.038 
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Interpretation: Serum Cystatin C levels were significantly higher in AKI patients compared 

to non-AKI patients at 24 hours, while serum creatinine levels showed a less pronounced 

difference. This further supports the role of Cystatin C as an early marker of renal dysfunction. 

Table 6: Correlation Between Serum Cystatin C and Creatinine with GFR at Different 

Time Points 

Time Point Correlation with GFR (r-value) 

 Cystatin C 

Admission -0.72 

24 Hours -0.80 

48 Hours -0.85 

72 Hours -0.88 

Interpretation: Serum Cystatin C showed a stronger negative correlation with GFR at all time 

points compared to serum creatinine, indicating that Cystatin C is more closely related to 

changes in renal function. 

Table 7: Time to Detection of Renal Dysfunction by Biomarkers 

Time to Detection (Hours) Serum Cystatin C (n, %) Serum Creatinine (n, %) p-value 

0-24 41 (68.3) 22 (36.7) <0.001 

25-48 17 (28.3) 25 (41.7) 0.049 

49-72 2 (3.4) 13 (21.6) 0.003 

Interpretation: Serum Cystatin C detected renal dysfunction earlier (within 24 hours) in 

68.3% of AKI patients, whereas serum creatinine took longer (25-48 hours) to indicate renal 

impairment. 

Table 8: Diagnostic Accuracy of Biomarkers for Different Stages of AKI 

AKI Stage Serum Cystatin C AUC (95% CI) Serum Creatinine AUC (95% CI) 

Stage 1 0.85 (0.78-0.92) 0.69 (0.61-0.77) 

Stage 2 0.91 (0.84-0.97) 0.76 (0.69-0.83) 

Stage 3 0.94 (0.88-1.00) 0.81 (0.75-0.87) 

Interpretation: Serum Cystatin C demonstrated higher diagnostic accuracy across all stages 

of AKI compared to serum creatinine, indicating its utility as a biomarker for both early and 

severe AKI. 
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Table 9: Predictive Value of Biomarkers for ICU Mortality 

Biomarker Sensitivity (%) Specificity (%) PPV (%) NPV (%) AUC 

Serum Cystatin C 88 80 75 90 0.87 

Serum Creatinine 72 68 60 78 0.70 

Interpretation: Serum Cystatin C had a higher predictive value for ICU mortality compared 

to serum creatinine, suggesting its potential role in risk stratification of critically ill patients. 

Table 10: Multivariate Logistic Regression Analysis for Predictors of AKI 

Variable Odds Ratio (OR) 95% CI p-value 

Serum Cystatin C > 1.1 mg/L 3.72 2.15-6.43 <0.001 

Serum Creatinine > 1.2 mg/dL 2.10 1.24-3.57 0.005 

Hypertension 1.38 0.85-2.24 0.195 

Diabetes Mellitus 1.21 0.72-2.04 0.468 

Interpretation: Elevated serum Cystatin C levels were a stronger independent predictor of 

AKI than elevated serum creatinine levels. Hypertension and diabetes were not significant 

predictors of AKI in this cohort. 

Discussion 

Early Detection of Acute Kidney Injury 

This study demonstrates that serum Cystatin C is a more sensitive and specific biomarker than 

serum creatinine for the early detection of AKI in ICU patients 6. Cystatin C levels rose 

significantly earlier than creatinine levels, allowing for a timelier diagnosis of renal 

dysfunction. This is particularly important in the ICU setting, where rapid intervention can 

prevent further renal damage and improve patient outcomes 7. 

Diagnostic Performance of Biomarkers 

The ROC curve analysis revealed that the AUC for serum Cystatin C was significantly higher 

than that for serum creatinine across all stages of AKI. This indicates that Cystatin C has 

superior diagnostic performance for both early and severe AKI 8. Furthermore, the multivariate 

analysis showed that elevated Cystatin C was an independent predictor of AKI, emphasizing 

its utility as a biomarker in critically ill patients 9. 

Clinical Implications 

The findings of this study suggest that incorporating serum Cystatin C into routine monitoring 

protocols in the ICU could enable earlier detection and treatment of AKI, potentially reducing 

the incidence of chronic kidney disease and improving patient outcomes. Additionally, the 

strong correlation between Cystatin C and GFR underscores its role as a more reliable marker 

of renal function than creatinine 10. 
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Limitations and Future Directions 

This study has several limitations, including its single-center design and relatively small sample 

size, which may limit the generalizability of the findings. Further multicenter studies with 

larger cohorts are needed to validate these results and to explore the use of Cystatin C in other 

clinical settings. Additionally, the cost and availability of Cystatin C assays may limit its 

widespread use, and cost-benefit analyses are needed to assess its utility in routine clinical 

practice. 

Conclusion 

Serum Cystatin C is a more sensitive and earlier marker of acute renal dysfunction compared 

to serum creatinine in ICU patients. Its use could lead to earlier detection and intervention in 

cases of AKI, potentially improving patient outcomes and reducing healthcare costs. 

Incorporating Cystatin C into routine monitoring protocols in the ICU setting may provide a 

more accurate assessment of renal function and enable timely therapeutic interventions. 
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