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Abstract 

Background: Type 2 diabetes mellitus (T2DM) is one of the greatest global health challenges and it 

frequently leads to diabetic nephropathy (DN), being responsible for a significant percentage of end-

stage renal disease. Early identification of renal dysfunction and metabolic derangement is pivotal for 

halting disease progression and enhancing patient survival.  

Objective: This study is a comparative investigation of the renal and metabolic biomarkers serum 

creatinine, BUN, cystatin C, FBG, insulin concentration, lipid profile parameters as well as the 

HOMA-IR index in T2DM patients with and without diabetic nephropathy (DN) versus healthy 

subjects.  

Methods: Participants included 180 subjects who were divided into healthy controls (n = 60) and 

T2DM without nephropathy (n = 60) as well as T2DM with nephropathy (n = 60). Serum creatinine,  

BUN, and cystatin C (as renal function markers), FBG, insulin, HOMA-IR (as glycemic parameters) 

and lipid profile including total cholesterol, triglycerides, LDL-C-HDL-C-VLDL-C were determined 

by a standard biochemical method.  

Results: T2DM patients with nephropathy had significantly higher serum creatinine (1.45±0.52 mg/dL 

vs 0.95±0.28 mg/dL, p<0.001), BUN (38.5±12.3 mg/dL vs 22.1±6.8mg/dL, p<30) and cystatin C levels 

(1.35±0, 42 mg/L vs 0, 92±20mg/L, p<3.) than those without DN. Compared with serum creatinine, 

cystatin C had a higher sensitivity (90.98%) and specificity (78.21%) in early diagnosis of kidney 

injury. In patients with diabetes, HOMA-IR levels (7.2±2.4 in T2DM without DN and 9.8±3.1 in 

T2DM with DN) were significantly higher than those in the controls (1.8±0.6; p<0.001). Abnormalities 

in lipids such as high total cholesterol, triglycerides and LDL-C with reduced HDL-C were noticeable 

among T2DM having nephropathy.  

Conclusion: This research indicates that cystatin C is a more sensitive early biomarker of diabetic 

nephropathy than conventional markers. The model inclining renal and metabolic biomarkers offers 

powerful prediction of T2DM patients. Early detection with these biomarkers may aid in the 

prevention of development into ESRD. 

 
Keywords: Type 2 diabetes mellitus, diabetic nephropathy, cystatin C, HOMA-IR, lipid profile, renal 

biomarkers 

 

Introduction 

Type 2 diabetes mellitus (T2DM) has become one of the largest public health problems 

worldwide,  and its prevalence is expected to include 693 million adults by 2045 [1]. It is a 

long-term metabolic disease that involves insulin resistance and relative deficiency in insulin 

secretions, along with an increasing β-cell failure, which promotes chronic hyperglycemia 

and systemic metabolic disorder. The cost/load of T2DM goes well beyond the glycemic 

control as the disease usually leads to severe microvascular and macrovascular complications 

which eventually rises morbidity and mortality. 

Of the many T2DM-related complications, diabetic nephropathy (DN is one of the most 

devastating and afflicts 30-40% of people with diabetes and holds its place as a principal 

cause for chronic kidney disease (CKD) and end-stage renal disease (ESRD) worldwide [2]. 

The pathophysiology of DN is multifactorial,  complex and involves hemodynamic, 

metabolic, oxidative stress and chronic inflammation that eventually lead to progressive renal 

damage [3]. Clinical manifestation of DN usually evolves in a predictable manner by the 

transitioning from glomerular hyperfiltration and microalbuminuria to overt proteinuria, then  
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progressively decreasing GFR, finally reaching ESRD that 

necessitates renal replacement therapy. 

Conventional markers for the evaluation of renal function 

in diabetic patients have been serum creatinine 

concentration and urinary albumin excretion. Nevertheless, 

serum creatinine is widely utilized and has its substantial 

shortcomings as an early marker for renal disease. Up to 

50% of GFR may be lost before a substantial increase in 

serum creatinine concentrations is evident, making it an 

insensitive marker of early kidney disease [4]. In addition, 

serum creatinine concentration is affected by various non-

renal factors such as muscle mass, age, sex, dietary protein 

intake and some drugs that contribute to misdiagnosis of 

kidney function [2]. These drawbacks have resulted in active 

investigation into new biomarkers that can be used to detect 

renal injury earlier and with more specificity. 

Cystatin C as a candidate of new invasive biomarker for 

renal function. It is a low molecular weight protein (13 kDa) 

synthesized by all nucleated cells, freely filterable across the 

glomerulus, and completely reabsorbed and catabolized by 

proximal tubular cells. [5] Cystatin C, in contrast to 

creatinine,  is less dependent on age, sex, muscle mass and 

diet-perhaps a more accurate marker of GFR [6]. Several 

research works have shown that the CysC-based formulas 

are more accurate to estimate the renal function than 

creatinine-based formulas, especially in early renal 

impairment stages [7]. Recently, some researchers found that 

cystatin C had increased sensitivity and specificity for 

detecting diabetic nephropathy, with the sensitivity of 

90.98% and the specificity of 78.21% based on albumin-to-

creatinine ratio as its reference standard [8]. 

In addition to renal function impairment, T2DM is also 

inherently related to extremely significant metabolic 

impairments including insulin resistance and dyslipidemia. 

Insulin resistance, the central pathophysiologic feature of 

T2DM, can be estimated quantitatively by Homeostatic 

Model Assessment for Insulin Resistance (HOMA-IR), 

which is also determined from fasting glucose and insulin 
[9]. This index represents a simple and well-validated 

method to estimate insulin sensitivity for use in both clinical 

and research applications. High HOMA-IR values are not 

only marker of insulin resistance but also predict the 

complications due to diabetes such as cardiovascular disease 

and nephropathy [10]. In addition, insulin resistance 

propagates a series of metabolic disturbances that will end 

up favoring dyslipidaemic states, chronic inflammatory 

responses and endothelial dysfunction, all these factors 

accelerating the evolution to diabetic complications. 

Dyslipidemia is another important component of the 

metabolic syndrome in patients with T2DM. Typical lipid 

abnormalities in diabetes consisted of increased levels of 

total cholesterol and triglycerides, LDL-C, VLDL-C and 

decreased HDL. These changes of lipid metabolism are 

especially evident in patients with DN and do not only 

indicate a metabolic disorder, but also operate adverse on 

cardiovascular risk and acceleration of progression kidney 

disease independently [11]. The association between 

dyslipidemia and nephropathy is thought to be bi-

directional, with renal damage further worsening the lipid 

derangements by lowering lipoprotein lipase activity and 

hindered disposal of triglyceride-rich lipoproteins. 

The BUN, yet another classic marker of the excretory 

function of kidneys, complements creatinine levels. BUN 

concentrations are influenced by equilibrium between liver 

production of urea, and renal excretion. Although BUN is 

affected by protein intake, hydration status, and hepatic 

disease/illness it has been reported that high levels of this 

biomarker in the diabetic condition reflect decreased kidney 

function, consequently leading to advanced stages of 

nephropathy [10]. The BUN: creatinine ratio can also be 

helpful in the diagnosis between pre-renal, renal and post-

renal causes of azotemia. 

The combination of a variety of biomarkers associated with 

renal function (serum creatinine, BUN, cystatin C), glucose 

metabolism (fasting blood glucose, insulin), IR (HOMA-IR) 

and lipid metabolism (total cholesterol, triglycerides, LDL-

C, HDL-C and VLDL-C) provides a far-reaching method 

for risk stratification in T2DM participants. The approach of 

using multiple biomarkers facilitates the earlier 

identification of subclinical disease,  more accurate 

assessment of disease severity, and better prediction of 

clinical outcomes. Recent meta-analyses indicate that 

cystatin C combined with conventional renal markers could 

increase the diagnostic accuracy of early-stage diabetic 

nephropathy assessment [12]. In addition, the simultaneous 

assessment of glycemic factors, IR markers, and lipid 

profiles can contribute to facilitate understanding 

underlying pathophysiologies for diabetic complications. 

Although the evidences have accumulated for the usage of 

emerging novel biomarkers in patients with diabetes in 

recent years, lack of knowledge has been found about 

relationships among them and their diagnostic efficacy for 

various stages of DN. Moreover, previous research 

conducted on these biomarkers have focused on them 

independently instead of an assessment of their collective 

diagnostic and prognostic utility to date. This gap is 

described by the present work, which provides a systematic 

side-by-side comparison of renal and metabolic biomarkers 

under the context of T2DM subjects with or without 

nephropathy vs healthy controls. 

Several reasons explain why this was a comparative study. 

First, timely identification of DN is critical, as intervention 

at an early phase can substantially retard the progression of 

disease and decrease the development of ESRD [13]. Second, 

the discovery of biomarkers that are better than albumin to 

detect early renal dysfunction (prior to onset of albuminuria 

or a substantial decrease in GFR) would allow earlier 

therapeutic intervention. Third, determining the metabolic 

signature of various stages of DN can offer insights into 

targeted therapies for addressing the metabolic 

abnormalities predisposing individuals to DN [14-16]. In 

addition, by identifying the interrelation between renal and 

metabolic biomarkers, underlying mechanisms of diabetic 

complications could be unravelled and new drug targets 

may be identified [17, 18]. 

The aim of this study were 1) to compare the renal function 

related biomarkers (serum Cr, BUN and cystatin C), among 

healthy controls, T2DM patients without nephropathy, and 

T2DM with nephropathy, 2) to evaluate glucose control 

parameters (FBG and insulin level) and the insulin 

resistance indicator (HOMA-IR) between them; 3) analyse 

lipid profiles abnormalities (TC, TG LDL-C HDL-C & 

VLDL-C, ) in correlation with diabetic nephropathy; 4) to 

determine diagnostic applicability of cystatin C in relation to 

traditional renal markers and finally; 5) examine the degree 

of association amongst the renal function-related 

biochemical indicators together with other disease correlates 

including glycose metabolism factors as well as lipids 

levels. 
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Materials and Methods 

Study Design and Participants 

Methodology Type: Comparative cross-sectional study 

Duration and Place of Study: This study was carried out at a 

diabetic center in Babylon province, Iraq for 12 months, 

between January 2024 to Dec 2024. The study was 

approved by the Institutional Ethics Committee, and all 

patients have provided informed consent according to the 

Declaration of Helsinki. All patients gave written informed 

consent for the study. A sample of 180 subjects was 

enrolled and then divided into 3 groups according to 

predetermined enrollment and exclusion criteria: Group 1 

(HC, n = 60): Healthy volunteers from the age group of 40-

70 years who did not have diabetes, hypertension, 

cardiovascular and renal disease were included in this 

group. Those with fasting blood glucose ≥100 mg/dL, 

HbA1c ≥5.7% or urinary albumin/creatinine ratio (UACR) 

≥30 mg/g were excluded from this group. Group 2 (T2D 
without Nephropathy, n = 60): The subjects with type 2 

diabetes mellitus for at least 5years according to the 

American Diabetes Association criteria (fasting plasma 

glucose ≥126mg/dL or HbA1c ≥6.5% or 2-hour plasma 

glucose≥200 mg/dl during OGTT) were included in this 
group. Patients in this group had normal renal function 

(eGFR ≥60 mL/min/1.73 m²) and a UACR 300 mg/g) and/or 
eGFR 3 x upper normal limit), active malignant tumor, 

acute infection within the last 30 days, use of nephrotoxic 

drugs during the preceding 3 months; previous renal 

transplantation and inability to provide informed consent. 

 

Sample Collection and Handling 

Venous blood (10 mL) was drawn from each subject after 

an overnight fast of 10-12 hours between 8:00 and 10:00 

a.m. by standard venipuncture technique. Blood was 

collected in plain and fluoride tubes for serum separation 

and glucose estimation respectively. The clotted samples 

were incubated at room temperature for 30 min, and then 

spun at 3000 rpm for 15 min. Serum was separated and 

stored at -20 °C until analysis (all samples were analyzed 

within 7 days of collection). Spot urine specimens (20 mL) 

in sterile containers were obtained to perform 

measurements of urinary albumin and creatinine and a 

UACR was determined. 

 

Biochemical Analyses 

All biochemistry investigations were performed by standard 

measurement in automated analyzers with quality control 

protocols. 

 

Renal Function Biomarkers 

Serum Creatinine: It was determined by modified Jaffé 

kinetic colorimetric method on a fully automated 

biochemical analyzer (Beckman Coulter AU680, USA). 

Reference ranges were 0.6-1.2 mg/dl for women and 0.7-

1.3 mg/dl for men [5]. BUN: was measured by the urease-

GLDH enzymatic assay. Reference range: 7-20 mg/dL. 

Cystatin C: The serum levels of cystatin C were measured 

by particle-enhanced immunonephelometric assay (by 

ELISA method) on a commercially available kit. Normal 

reference range: 2.5. 

 

Assessment of Lipid Profile 

All lipid markers were determined enzymatically by 

colorimetry on an automated biochemical analyzer: Total 

Cholesterol (TC) Normal value: 40 mg/dL in men, >50 

mg/dL in women. Low-Density Lipoprotein Cholesterol 

(LDL-C): Estimated by the Friedewald equation (LDL-C = 

TC-HDL-C-[TG/5]). Normal range:<100 mg/dL. VLDL 

Cholesterol (VLDLC): TG/5 VLDL: Very low density 

lipoprotein. Normal range:<30 mg/dL. All laboratories 

were supervised by standard operating procedures. 

Calibration and quality control were checked on daily basis 

with commercially available control sera both normal- and 

pathological-levels. The inter-assay and intra-assay 

coefficient of variation were under 5% for all the 

parameters. All laboratory staff were unaware of the 

subjects' clinical condition. 

 

Statistical Analysis 

Statistical analyses were performed with SPSS software 

version 26.0 (IBM Corp., Armonk, NY, USA) and 

GraphPad Prism 9.0. The normality of the distribution was 

tested by using the Kolmogorov-Smirnov test. Normal 

distributed continuous variables were shown as 

mean±standard deviation (SD) and non-normal distributed 

continuous variables were shown as median (interquartile 

range). The differences of the three groups were compared 

using one-way analysis of variance (ANOVA) with Tukey’s 
post-test for normally distributed data or Kruskal-Wallis 

test with Dunn’s multiple comparison for non-normally 

distributed data. Differences in categorical variables were 

assessed by the chi-square test or Fisher's exact test. 

 

Results 

Demographic and Clinical Characteristics 

Table 1 summarizes the demographic and baseline clinical 

characteristics of the study participants across the three 

groups. 

Table 1: Demographic and Clinical Characteristics of Study Participants 
 

Parameter Control (n = 60) T2DM without DN (n = 60) T2DM with DN (n = 60) p-value 

Age (years) 54.3±8.2 56.7±9.1 61.2±10.3^a, b^ <0.001 

Gender (M/F) 32/28 34/26 36/24 0.742 

BMI (kg/m²) 24.5±3.1 28.3±4.2^a^ 30.1±5.3^a, b^ <0.001 

Duration of DM (years) - 8.2±3.4 12.6±5.1^b^ <0.001 

SBP (mmHg) 118±12 132±15^a^ 145±18^a, b^ <0.001 

DBP (mmHg) 76±8 82±10^a^ 88±12^a, b^ <0.001 

Smoking (%) 18.3 25.0 31.7 0.234 

Hypertension (%) 0 45.0^a^ 76.7^a, b^ <0.001 

CVD (%) 0 15.0^a^ 35.0^a, b^ <0.001 

Data presented as Mean±SD or percentage. ^a^p<0.05 vs. Control; ^b^p<0.05 vs. T2DM without DN BMI: Body Mass Index; SBP: Systolic 

Blood Pressure; DBP: Diastolic Blood Pressure; CVD: Cardiovascular Disease 
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T2DM nephropathy patients were significantly older 

(61.2±10.3 years) than controls (54.3±8.2 years, p<0.001) 

and T2DM patients without nephropathy(56.7±9.1 years, 

p<0.01). BMI progressively increased from controls to 

T2DM patients with nephropathy (30.1±5.3 kg/m², p<0.001 

vs controls). The duration of diabetes (years) was 

significantly higher in patients with nephropathy than in the 

non-nephorpathy group 12.6±5.1 vs 8.2±3.4 (p<0.001). 

Prevalence of hypertension and CVD, was significantly 

higher among T2DM patients with nephropathy. 

 

Renal Function Biomarkers 

Table 2 and figure 1 presents the comparison of renal 

function biomarkers among the three study groups. 

 
Table 2: Comparison of Renal Function Biomarkers 

 

Parameter Control (n = 60) T2DM without DN (n = 60) T2DM with DN (n = 60) p-value 

Serum Creatinine (mg/dL) 0.85±0.22 0.95±0.28^a^ 1.45±0.52^a, b^ <0.001 

BUN (mg/dL) 15.2±4.3 22.1±6.8^a^ 38.5±12.3^a, b^ <0.001 

Cystatin C (mg/L) 0.82±0.18 0.92±0.28^a^ 1.35±0.42^a, b^ <0.001 

eGFR (mL/min/1.73 m²) 98.5±12.3 88.2±15.6^a^ 62.4±18.7^a, b^ <0.001 

UACR (mg/g) 12.3±5.8 18.5±8.2^a^ 285.6±182.4^a, b^ <0.001 

Data presented as Mean±SD. ^a^p<0.001 vs. Control; ^b^p<0.001 vs. T2DM without DN BUN: Blood Urea Nitrogen; eGFR: estimated 

Glomerular Filtration Rate; UACR: Urinary Albumin-to-Creatinine Ratio 

 

All markers of renal function were significantly and 

progressively worse with group. Serum creatinine in T2DM 

with nephropathy was significantly higher [1.45± 0.52 

mg/dL (p1.0 mg/L) comparing to only 63% with abnormal 

values for serum creatinine, suggesting that cystatin C is 

more sensitive test in recognizing early renal impairment. 

The eGFR as calculated by combined creatininecystatin C 

equation progressively decreased from 98.5±12.3 

mL/min/1.73 m² among controls to 88.2±15.6 mL/min/1.73 

m² in T2DM without nephropathy and 62.4±18.7 

mL/min/1.73 m² among DM with nephropathy (p<0.001). 

 

Glycemic Control and Insulin Resistance Parameters 

Table 3 shows the comparison of glycemic control markers 

and insulin resistance indices. 

 
Table 3: Glycemic Parameters and Insulin Resistance 

 

Parameter Control (n = 60) T2DM without DN (n = 60) T2DM with DN (n = 60) p-value 

FBG (mg/dL) 92.3±8.5 165.4±32.8^a^ 178.6±38.5^a, b^ <0.001 

HbA1c (%) 5.2±0.4 8.1±1.2^a^ 9.2±1.5^a, b^ <0.001 

Fasting Insulin (μIU/mL) 8.2±2.3 18.5±5.2^a^ 22.3±6.8^a, b^ <0.001 

HOMA-IR 1.8±0.6 7.2±2.4^a^ 9.8±3.1^a, b^ <0.001 

HOMA-β (%) 115.3±28.4 68.5±22.1^a^ 52.3±18.6^a, b^ <0.001 

Data presented as Mean±SD. ^a^p<0.001 vs. Control; ^b^p<0.05 vs. T2DM without DN FBG: Fasting Blood Glucose; HOMA-IR: 

Homeostatic Model Assessment of Insulin Resistance; HOMA-β: Homeostatic Model Assessment of β-cell Function 

 

The FBG concentrations increased noticeably in both 

diabetic groups compared to the control (P<0.001), with 

T2DM patients suffering from nephropathy testifying of 

higher levels (178.6±38.5 mg/dL). HbA1c, an indicator of 

long-term glycemic control, wassignificantly higher in 

T2DM compared to controls (5.2±0.4% vs 8.1±1.2%)and 

further significantly increased in T2DM with nephropathy 

(9.2±1.5%) versus without nephropathy (p<0.001). 

Plasma fasting insulin and HOMA-IR were significantly 

increased in diabetic animals, indicating the presence of 

significant insulin resistance. The mean HOMA-IR levels 

were 1.8±0.6, 7.2±2.4 and 9.8±3.1 in controls, T2DM 

without nephropathy and T2DM with nephropathy group 

respectively (p<0.001 for all the comparisons). HOMA-IR 

values were greater than 2.5 in all diabetics, indicating 

insulin resistance. On the other hand, β-cell function index 

HOMA-β decreased gradually along with the increase in 

duration of diabetes as well as occurrence of nephropathy. 

 

Lipid Profile results 

Table 4 presents the lipid profile parameters across the three 

study groups. 

 
Table 4: Lipid Profile Parameters 

 

Parameter Control (n = 60) T2DM without DN (n = 60) T2DM with DN (n = 60) p-value 

Total Cholesterol (mg/dL) 180.4±28.3 210.5±35.6^a^ 245.3±42.8^a, b^ <0.001 

Triglycerides (mg/dL) 120.3±32.4 175.6±45.2^a^ 220.8±58.6^a, b^ <0.001 

LDL-C (mg/dL) 110.2±25.6 135.8±32.4^a^ 165.4±38.7^a, b^ <0.001 

HDL-C (mg/dL) 55.3±12.1 42.6±9.8^a^ 38.2±8.5^a, b^ <0.001 

VLDL-C (mg/dL) 24.1±6.5 35.1±9.0^a^ 44.2±11.7^a, b^ <0.001 

TC/HDL Ratio 3.3±0.7 5.0±1.2^a^ 6.5±1.6^a, b^ <0.001 

LDL/HDL Ratio 2.0±0.5 3.2±0.8^a^ 4.3±1.1^a, b^ <0.001 

Data presented as Mean±SD. ^a^p<0.001 vs. Control; ^b^p<0.001 vs. T2DM without DN LDL-C: Low-Density Lipoprotein Cholesterol; 

HDL-C: High-Density Lipoprotein Cholesterol; VLDL-C: Very Low-Density Lipoprotein Cholesterol 
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Diabetic patients had marked dyslipidemia, which was 

further aggravated in the nephropathy group as indicated by 

a complete lipid profile analysis. Cholesterol T2DM 

without nephropathy (210.5±35.6 mg/dL) and T2DM with 

nephropathy (245.3±42.8 mg/dL) had statistically 

significantly elevated total cholesterol level compared to the 

control group (180.4±28.3 mg/dL, p<0.001). [3]. The pattern 

of triglycerides was also the same as that for total 

cholesterol, showing the highest level among patients in 

nephropathy (220.8±58.6 mg/dL (p<0.001). 

The most atherogenic lipoprotein, LDL-C, was significantly 

higher in T2DM patients especially with nephropathy 

(165.4±38.7 mg/dL vs. 110.2±25.6 mg/dL in control group, 

p<0.001). In contrast, the cardioprotective lipoprotein, 

HDL-C was significantly decreased in diabetic participants; 

being lowest among patients in T2DM with nephropathy 

(38.2±8.5 mg/dL vs. 55.3±12.1 in healthy controls; 

p<0.001). The elevation of VLDL-C was significant in both 

diabetic groups, and the highest in nephropathy (44.2±11.7 

mg/dl, p<0.001). Atherogenic indices such as, TC/HDL 

ratio and LDL/HDL ratio were higher in diabetic patients 

which indicated that they had higher risk for cardiovascular 

diseases. 

 

Diagnostic Performance of Renal Biomarkers 

ROC curve analysis was performed to evaluate the 

diagnostic performance of cystatin C, serum creatinine, and 

BUN for detecting diabetic nephropathy (defined as UACR 

≥30 mg/g and/or eGFR<60 mL/min/1.73 m²). 

 
Table 5: Diagnostic Performance of Renal Biomarkers for Detecting Diabetic Nephropathy 

 

Biomarker AUC (95% CI) Cut-off Sensitivity (%) Specificity (%) PPV (%) NPV (%) p-value 

Cystatin C 0.89 (0.83-0.95) 1.13 mg/L 90.98 78.21 86.72 84.72 <0.001 

Serum Creatinine 0.72 (0.64-0.80) 1.12 mg/dL 68.33 72.50 75.23 65.12 <0.001 

BUN 0.78 (0.71-0.85) 28.5 mg/dL 75.00 76.67 78.95 72.50 <0.001 

AUC: Area Under the Curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value 

 

Patients with diabetes mellitus presented a pronounced 

dyslipidemia that was more aggravated in those with 

nephropathy, assessed by full lipid profile. Total cholesterol 

T2DM (without nephropathy) (210.5±35.6 mg/dl, p<0..001 

and with nephropathy) ranging to (245.3±42.8mg/dl, 

p<0001 had significantly higher levels of total cholesterol 

than the control group-180.4±28.3 MG/DL(*)(p<.). Similar 

to total cholesterol, the same pattern was observed for 

triglycerides as well following that patients with 

nephropathy had the highest level (220.8±58.6 mg/dL 

(p<0.001). 

The highly atherogenic LDL-C was significantly higher in 

T2DM patients even those with nephropathy (165.4±38.7 

mg/dL vs. 110.2±25.6 mg/dL in control group, p<0.001). 

Whereas each of the other measured lipoproteins such as 

HDL-C showed a statistical significant decrease in diabetic 

group, more severe in T2DM patients accompanied by 

nephropathy (38.2±8.5 mg/dL compared to 55.3±12.1, 

p<0.001). The increase of VLDL-C was significant in both 

diabetic groups and the most prominent in nephropathy 

(44.2±11.7 mg/dl, p<0.001) [16]. TC/HDL ratio and 

LDL/HDL ratio are atherogenic indices that were higher in 

diabetics which suggested a higher risk of CVDs.  

 

Correlation Analysis 

Pearson correlation analysis revealed significant 

associations among renal, glycemic, and lipid biomarkers. 

 
Table 6: Correlation Matrix of Key Biomarkers in T2DM with Nephropathy 

 

Variables Correlation Coefficient (r) p-value 

Cystatin C vs. UACR 0.85 <0.001 

Cystatin C vs. eGFR -0.74 <0.001 

Cystatin C vs. Creatinine 0.88 <0.001 

Cystatin C vs. HOMA-IR 0.48 <0.001 

HOMA-IR vs. Triglycerides 0.55 <0.001 

HOMA-IR vs. HDL-C -0.45 <0.001 

eGFR vs. Total Cholesterol -0.42 <0.001 

eGFR vs. LDL-C -0.38 <0.01 

Duration of DM vs. Cystatin C 0.65 <0.001 

HbA1c vs. UACR 0.58 <0.001 

 

Cystatin C had strong positive correlations with UACR (r = 

0.85, p<0.001), serum creatinine (r = 0.88, p<0.001) and 

duration of diabetes (r = 0.65, p<0.001), and a negative 

correlation with eGFR, r = -t74, -<--flJ(Jl). [17]. HOMA-IR 

was positively correlated with triglycerides (r = 0.55, 

p<0.001) and negatively correlated with HDL-C (r = -0.45, 

p<0.001), indicating the association of insulin resistance and 

dyslipidemia [18]. HbA1c had a strong positive relationship 

with UACR (r = 0.58,  p<0.001) indicating that 

deterioration of nephropathy is related to poor DM control. 
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Fig 1: Comparative Analysis of Renal and Metabolic Biomarkers Across Study Groups This figure illustrates the progressive deterioration of 

renal function markers (creatinine, BUN, cystatin C), glycemic parameters (FBG, insulin), insulin resistance (HOMA-IR), and lipid profile 

(TC, TG, LDL, HDL) across control, T2DM without nephropathy, and T2DM with nephropathy groups. 

 

Figure 2 shows the receiver operating characteristic (ROC) 

curve of cystatin C, serum creatinine and blood urea 

nitrogen (BUN) in detecting diabetic nephropathy. The 

diagnostic accuracy of cystatin C was the highest. 

 

 
 

Fig 2: Roc curves of renal markers in DN patients 
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Discussion 

Current comparative analysis provides a solid evidence that 

cystatin-C is a better early biomarker for diagnosis of DN 

as compared to conventional renal function markers, and it 

also shows the complex interrelationship between renal 

impairment, insulin resistance and dyslipidemia in T2DM 

subjects. This results have the potential to impact on 

clinical management and early intervention programmes [19, 

20]. 

The above superiority of cystatin C over serum creatinine in 

detecting early stage renal impairment was also evident in 

our study, which showed cystatin C detected 91% positive 

cases while only 63% were detected by serum creatinine 

among patients with diabetic nephropathy [21]. This is 

consistent with other studies that have demonstrated 

cystatin C-based formulae can identify renal dysfunction 

before creatinine-based formulae [22]. The good diagnostic 

performance of cystatin C (AUC 0.89) in comparison with 

creatinine (AUC 0.72), also depends on independence from 

muscle mass, age, sex and dietary protein intake [23]. This 

study provides on additional basis for incorporating cystatin 

C assays into the regular screening of diabetic patients in a 

clinical setting, especially individuals at high risk of 

developing nephropathy. 

The positive association between HOMA-IR and lipid 

abnormalities found in our study reflects the significance of 

IR in the metabolic perturbations associated with T2DM 
[24]. The incremental increase of HOMA-IR in study groups, 

up to 9.8±3.1 for T2DM patients with nephropathy, 

illustrates the worsening metabolic milieu related to 

progressive renal disease. HOMA-IR is also significantly 

associated minute positive with the triglycerides (r = 0.55) 

and negative with HDL-C (r = -0.45) signifying that insulin 

resistance mediate the development of atherogenic 

dyslipidemia [25]. The present findings indicate that 

therapeutic strategies to combat insulin resistance may have 

concomitant effects to enhance glucose homeostasis and 

ameliorate lipid profiles. 

The significant increase of BUN levels in patients with 

T2DM and nephropathy (38.5±12.3 mg/dL) compared to 

those without nephropathy (22.1±6.8 mg/dL) signifies a 

declined renal function [26]. Although BUN can be affected 

by factors such as dietary protein and hydration, its high 

correlation with other renal markers in our study supports it 

being an effective adjunctive biomarker. Analysis of 

multiple markers in aggregate is more robust, and has been 

shown to be superior to any single parameter [27]. 

Severe dyslipidemia in NDMM patients of T2DM-ND 

reflects the cytokine nexus because patients with diabetic 

nephropathy had significantly higher values for total 

cholesterol, triglycerides, LDL-C and VLDL-C but with 

reduced HDL-C [3]. These lipid disorders act not only as 

disease markers but also independently influence CVD risk 

and progression of nephropathy [28, 31]. The strong negative 

associations between eGFR and atherogenic lipid 

parameters (TC: r = -0.42; LDL-C: r = -0.38) indicate that 

renal dysfunction promotes dyslipidemia, which creates a 

vicious cycle to further advance both renal and 

cardiovascular events in progression. 

The strengths of our study are that we conducted a in depth 

analysis with various classes of biomarkers performed using 

rigorous quality controls, and an adequate sample size with 

clearly defined patient groups. But limitations are cross-

sectional design so that no temporal relationships or 

causation can be interpreted [32-36]. Moreover, it was a 

single-center study, so there could be possible lack of 

generalization. Our findings should be validated in 

prospective longitudinal studies with larger, multicenter 

samples to identify whether intervention at an early stage 

based on cystatin C measurements can arrest progression to 

ESRD. 

 

Conclusion 

This comparative analysis shows cystatin C to be a more 

powerful marker than classical markers in the early 

recognition of diabetic nephropathy, with the latter 

revealing higher sensitivity (90.98%) and specificity 

(78.21%). Renal biomarkers (cystatin C, serum creatinine, 

BUN) when combined with metabolic indices (HOMAIR 

and lipid profile) are able to give a comprehensive 

stratification of risk in T2DM patients. The strong 

associations of insulin resistance and dyslipidemia with 

renal function impairment do, however, emphasize how 

closely metabolic and renal complications of diabetes are 

linked. The present findings provide additional support for 

cystatin C-based screening in clinical practice and have 

implications that emphasis the need for combined 

metabolic-renal therapy in order to prevent progression 

toward end-stage renal disease. The early detection of these 

biomarkers could aid in early intervention and prevent 

reduced long-term survival rates in T2DM. 
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