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ABSTRACT 
Diabetic kidney disease (DKD) is caused by a variety of processes. As a result, one biomarker 

is insufficient to represent the complete process. This study evaluated the diagnostic value of 

serum kidney injury molecule-1(KIM-1) and cystatin C (CysC) as early biochemical markers of 

DKD and predicted their sensitivities and specificities as biomarkers of nephropathy in Iraqi 

type 2 diabetic (T2DM) patients. This cross-sectional study includes 161 T2DM patients. 

Patients were divided according to urinary albumin creatinine ratio (ACR) such as group1: 

ACR≤ 30mg/g and group2: ACR> 30mg/g. Random spot urine and fasting blood samples 

were taken from each patient. Urinary ACR, blood glycated hemoglobin (HbA1c), and serum 

glucose, creatinine (SCr), lipid profile, CysC, and KIM-1 were assayed, and the estimated 

glomerular filtration rat (eGFR) was calculated. When compared to the normoalbuminuric 

group, the DKD group had significantly greater prevalence of retinopathy, and significantly 

elevated HbA1c and total cholesterol values. Also, DKD group had significantly greater 

serum levels of KIM-1 and CysC, and there was a significant positive correlation between 

them. In contrast, GFR was significantly higher in normoalbuminuric group and was 

significantly negatively correlated with both CysC and KIM-1. Multiple linear regression 

analysis found that there were a significant positive association among CysC and ACR. 

Receiver operating characteristic (ROC) analysis revealed that eGFR had the highest area 

under the curve (AUC=0.717), while SCr had the lowest AUC (0.556). In conclusion, serum 

KIM-1 and CysC levels could be considered as early biomarker for DKD along with eGFR. 

Additionally, there was a strong correlation between serum CysC and KIM-1 as well as other 

renal measures that indicate deteriorating kidney function. 
 

  

 

 

 

 

 

 

 

 INTRODUCTION 

Diabetes is a collection of metabolic illnesses defined by elevated blood glucose levels 

that result from abnormalities in insulin secretion, action, or both [1]. Diabetic 

nephropathy (DN), also known as diabetic kidney disease (DKD) is a micro-vascular 

complication of diabetes that is a leading cause of end-stage renal disease (ESRD), 

which has high morbidity and mortality rates [2], and is characterized by the 

progressive decline of renal function [3]. Approximately, 20–50% of patients with type 2 

diabetic patients (T2DM) ultimately develops DKD [4]. The primary causes of kidney 

disease development in DKD are glomerulocapillary angiopathy and a long duration of 

diabetes, both of which are major sources of morbidity and death in T2DM [5]. The 

measurement and monitoring of renal function have historically been based on 

proteinuria, which has long been regarded as the gold standard [6]. The urine albumin-

creatinine ratio (ACR) and estimated glomerular filtration rate (eGFR) are the current 

two indicators utilized to diagnose DKD [7]. Several investigations on the ACR value 

have shown that not every DKD patient had elevated levels in the early phases of the 

disease, indicating that the value of ACR is insufficiently sensitive to serve as an 

indicator for the early stages of DKD [8, 9]. Whereas calculating eGFR using serum 

creatinine (SCr) can only be verified when the eGFR value < 60 mL/min/1.73 m2, at 
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which point approximately fifty percent of the renal function has already been lost [10]. 

Thus, in order to reliably predict DKD in the early stages, a more sensitive as well as 

specific biomarker than the two presently utilized is required.  

Since DKD develops through multiple mechanisms, only one biomarker is insufficient 

to explain the whole mechanism. Instead, a biomarker panel comprised of numerous 

peptides and proteins is thought to be more reflective of diverse disease progression 

pathways [11]. Cystatin C (CysC), a low-molecular-weight (13.3 kDa) protein that has 

been continuously produced by all nucleated cells, freely filtered by the glomerulus, 

and completely metabolized by the proximal tubule [12], is being investigated as a new 

endogenous serum biomarker that is sensitive for the early evaluation of changes in 

eGFR as a filtration marker. Most studies demonstrate that serum CysC levels are more 

closely connected to eGFR than SCr [13, 14]. Serum CysC concentrations have also been 

proven to be unaffected by some inflammatory diseases or metabolic abnormalities. 

Since CysC is independent of several characteristics that impact SCr such as age, race, 

gender, and muscle mass, an equation based on CysC may be more precise in 

diagnosing renal disease in the elderly, children, and those with muscle composition 

disorders [15]. Furthermore, when eGFR remains over 60 mL/min, CysC levels serve as 

a more precise predictor of early DN and also connect with DN progression [16]. The 

chronic kidney disease epidemiology collaboration (CKD-EPI) consortium developed 

and verified a new eGFR equations based on SCr alone and in conjunction with CysC 

(eGFRcr-cys) in 2021 which solely took into account with age and gender. The 

incorporation of SCr and CysC biomarkers in GFR estimate equations has been found 

to increase accuracy and diminish the influence of ethnicity as a predictor [17]. 

A type I transmembrane glycoprotein known as kidney injury molecule-1 (KIM-1) is 

abundantly produced at the apical membranes of proximal epithelial cells in tubules 

during regeneration of tissue following toxic or ischemic acute kidney injury, and 

additionally when tubular epithelial cells are dedifferentiated [18]. Tubulo-interstitial 

damage, which includes complicated structural changes such as glomerular and 

tubular hypertrophy, is associated with all forms of CKD, including DN [19]. Due to the 

presence of various tubular proteins and enzymes even prior to the onset of 

microalbuminuria and an increase in SCr, it has been demonstrated that tubular 

involvement occurs before glomerular involvement [20]. In a study, blood KIM-1 levels 

were drastically raised during acute kidney injury and CKD, suggesting that KIM-1 

might be used as an indicator of renal damage. The main hypothesis was that KIM-1 

circulates because tubular cell polarity is lost and transepithelial permeability is 

enhanced after injury to the tubule [21]. No previous study about KIM-1 as early 

biomarkers of DKD in Iraqi T2DM patients was reported. 

The purpose of this study was to assess the diagnostic value of serum CysC and KIM-1 

as early biochemical markers of DKD and predict their sensitivities and specificities as 

biomarkers of nephropathy in Iraqi T2DM patients. 

 

MATERIALS AND METHODS 

Study design, sample, and data collection 

A cross-sectional study was conducted at the Diabetes and Endocrinology Center at 

Merjan Medical City in Babylon. The study was carried out on 161 already-diagnosed 

T2DM patients collected from March 2022 to January 2023 during their visit to the 

center. The study included two groups divided according to DKD state based on 

urinary ACR (Group 1: ACR 30 mg/g, Group 2: ACR > 30 mg/g). 
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Ethical statement 

Verbal informed consents from patients before specimen collections were taken. Also, 

the research protocol, the subject information, and the permission form were reviewed 

and approved by the local ethical committee from the Diabetes and Endocrinology 

Center as well as the Research Unit of the Center for Training and Human 

Development of the Babylon Health Directorate in Babylon province on March 8, 2022, 

according to document number 36. 

 

Inclusion criteria 

1. Already diagnosed T2DM patients who are aged over 40 years of either sex or who 

are accepted to participate in the study. 

2. T2DM patients with DM duration 5 years with or without DKD. 

 

Exclusion criteria 

1. History of renal disease before the onset of diabetes. 

2. Patients with severe uncontrolled hypertension (>160/100 mm Hg). 

3. Presence of any sign or symptom of inflammatory renal disease or autoimmune 

disease. 

4. Patients suffering from drug-induced nephrotoxicity or secondary causes of 

albuminuria such as renal stone disease, obstructive renal disease, or acute urinary tract 

infection (UTI). 

5. Alcoholic patients. 

 

Analysis of urinary albumin, creatinine, and calculation of ACR 

A random spot urine sample was taken from each patient, and part of it was taken for 

general urine examination to exclude patients who had UTI. From the other part of the 

urine sample, 1 ml was taken and diluted to 20 ml with distilled water to assess urine 

creatinine kinetically at 490 nm using a colorimetric reaction (Jaffe reaction) of 

creatinine with alkaline picrate (Biolab, France, Standard reference material ®), where 

100 μL of diluted urine was taken and added to reagents and read absorbance at 490 

nm twice, the first reading after 30 seconds and the second reading after 2 minutes, and 

then the calculation was done as follow: 

Thus, result =
(A2 − A1) Assay –(A2−A1) Blank

(A2 − A1) Standard−(A2−A1) Blank
× Standard × 20 (dilution factor)  

Where, standard concentration was 177 μmol/L (2 mg/dL). 

The remaining urine was then centrifuged at 4000 rpm for 10 minutes for the 

measurement of urine albumin by the Abnova BCG Albumin kit which was designed 

to measure albumin directly in biological samples without any pretreatment. The 

improved method utilized bromocresol which particularly produces a colored complex 

specifically with albumin. The intensity of the color, measured at 620 nm, is directly 

proportional to the albumin concentration in the sample. And to define urine albumin 

values, standard curve was plotted (Bcg albumin assay kit, Abnova). Then ACR (mg/g) 

was calculated as the ratio of urine albumin in mg/L to urine creatinine in g/L [22]. 
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Measurement of blood parameters  

5 ml of venous blood was withdrawn from each patient after overnight fasting. Then, 1 

ml of blood was placed in an EDTA tube for complete blood count (CBC) testing using 

(Mythic Autoanalyzer) a fully automated hematology analyzer to measure hemoglobin 

(Hb), and detection of HbA1c was performed directly by using Cobas e411 apparatus. 

Further, 4 ml of blood was placed in a gel tube for obtaining serum for measurement of 

fasting blood glucose (FBG), creatinine, and lipid profile using a fully automated 

Kromo Linear apparatus by the staff in Diabetic and Endocrinology center. Also, 1 ml 

of serum was stored in two separate eppendorf tubes at -80oC until the time for testing 

serum CysC and KIM-1 by ELISA technique (BT laboratory/China kit) which are plate-

based assays for detecting and quantifying a specific protein in a complex mixture. 

Briefly, the plate was pre-coated with Human CST3 antibody for CysC detection and 

Human HAVCR1 antibody for KIM-1 detection. The target protein present in the 

sample is added and binds to antibodies coated on the wells. And then biotinylated 

Human CST3 or HAVCR1 antibody was added and bound to target protein in the 

sample. Then Streptavidin-HRP was added and bound to the Biotinylated antibody. 

After incubation unbound Streptavidin-HRP was washed away during a washing step. 

Substrate solution was then added, and color developed in proportion to the amount of 

human protein in the sample. The reaction was terminated by addition of acidic stop 

solution and absorbance was measured at 450 nm. To define CysC or KIM-1 values, 

standard curve was plotted (ELISA kit, 501 changsheng s rd, nanhu dist, jiaxing, 

zhejiang, china). The eGFR was calculated using the CKD-EPI Creatinine-Cystatin 

Equation (2021) online calculator [23]. 

 

Statistical analysis 

The data was analyzed using statistical package version 26 of the Social Sciences (SPSS) 

program. All of the study items were subjected to descriptive statistics. Means and 

standard deviations (SD) were used for expressing continuous variables, whereas 

categorical variables were represented using frequencies and percentages. An 

independent T-test was used to assess the differences in the means of continuous 

parameters between the two study groups: normoalbuminuric T2DM and DKD in 

T2DM. The categorical variables' differences between the two study groups were 

evaluated using chi-square. Multiple linear regression analysis was used to measure the 

association between ACR (the outcome variable) and seven parameters (independent 

variables): age, body mass index (BMI), DM duration, HbA1c, KIM-1, CysC, and eGFR. 

Receiver operating characteristic (ROC) curve analysis were used to measure area 

under the curve (AUC), specificity, and selectivity of 4 tests of DKD: KIM-1, CysC, SCr, 

and eGFR. A p value < 0.05 was considered statistically significant. GraphPad Prism 

7.04 was used to develop the figures. 

 

RESULTS 

Demographic characteristics and biochemical markers of the study groups 

The variations in individual characteristics and biochemical indicators between the 

studied groups suggest that both study groups had comparable age, BMI, blood 

pressure (BP), and diabetes duration. In terms of biochemical markers, DKD patients 

exhibited significantly higher levels of HbA1c and total cholesterol (TC) (P <0.05) than 

the normoalbuminuric group, while other biomarkers (FBG, Hb, TG, HDL) were not 

significantly differ between the study groups (Table 1). 
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For categorical variables and according to Pearson Chi-Square, women had a 

significantly (P <0.05) higher prevalence of DKD than men. When compared to the 

normoalbuminuric group, the DKD group had a significantly (P <0.05) higher 

prevalence of retinopathy, while smoking status, living location, and chronic heart 

disease (CHD) did not differ significantly across study groups (Table 2). 

 

Table 1. The difference in the means of patient parameters according to existence of DKD. 

Parameters  Patient groups (mean ±SD) P value  

Normoalbuminuric T2DM 

N=63 

DKD in T2DM 

N=98 

Age (years) 60.17±7.87 59.90±8.31 .834 

BMI (Kg\m2) 30.54±4.23 30.82±5.19 .730 

Hb (g/dl) 13.52±1.53 13.13±1.48 .108 

Systolic BP (mmHg) 131.11±13.81 131.89±15.17 .743 

Diastolic BP (mmHg) 82.30±7.50 80.26±9.20 .142 

DM duration (years) 10.22±5.56 10.23±5.62 .989 

FBG (mmol\l) 10.36±3.86 10.58±4.30 .748 

HbA1c (%)  8.37±1.71 9.16±1.97 .010* 

TC (mmol\l) 4.14±1.13 4.65±1.27 .011* 

TG (mmol\l) 2.08±1.08 2.15±1.18 .739 

HDL (mmol\l) 0.94±0.22 0.99±0.24 .191 

*Significant according to Independent Samples T-Test (P value<0.05). BMI: body mass index, Hb: hemoglobin, BP: blood pressure, FBG: 

fasting blood glucose, HbA1c: glycated hemoglobin, TC: Total Cholesterol, TG: Triglyceride, and HDL: high density lipoprotein. 

 

 

Table 2. The association between patient categorical characteristics in DKD. 

Characteristics   Subcategories Patient groups P value 

Normalbuminuric T2DM DKD in T2DM 

Gender Female Count (%) 29(31.5%) 63(68.5%) 0.022* 

Male  Count (%) 34(49.3%) 35(50.7%) 

Smoking No Count (%) 59(38.8%) 93(61.2%) 0.497 

Yes Count (%) 4(44.4%) 5(55.6%) 

Living place Rural Count (%) 28(39.4%) 43(60.6%) 0.944 

Urban Count (%) 35(38.9%) 55(61.1%) 

Retinopathy No Count (%) 44(86.3%) 7(13.7%) 0.000* 

Yes Count (%) 19(17.3%) 91(82.7%) 

CHD No Count (%) 45(42.9%) 60(57.1%) 0.185 

yes Count (%) 18(32.1%) 38(67.9%) 

*Significant according to Pearson Chi-Square (P value<0.05), ‡Fisher's Exact Test, and CHD: chronic heart disease. 

 

Comparison of kidney related parameters and correlation with other parameters 

Results of kidney-related measures showed that two urinary markers (ACR and urine 

albumin) and two biochemical markers (KIM-1 and CysC) were significantly higher in 

patients with DKD compared to the normoalbuminuric group. In contrast, urine 

creatinine and eGFR were significantly higher in the normoalbuminuric group 

compared to the DKD group, while SCr was higher in DKD, though the difference was 

not significant (Table 3 and Figures 1-3). 

There were two significant correlations between patient age and renal parameters: a 

positive correlation with SCr and a negative correlation with eGFR. There were no 

significant correlations between BMI, DM duration, HbA1c, TG, and HDL and renal 

parameters. For SCr which had significant negative (P value < 0.05, P value < 0.01) 

correlations with both TC and eGFR, respectively. Furthermore, there was a significant 

(P value < 0.01) positive correlation between KIM-1 and CysC. Finally, eGFR had 

significantly negative (P value < 0.01) correlations with all renal parameters (Table 4). 

When using multiple linear regression analysis, there were significant positive 

associations between CysC and ACR after controlling other variables. On the other 

hand, other parameters (age, BMI, DM duration, HbA1c, KIM-1, TC, and eGFR) had 

non-significant associations with the outcome variable (ACR) (Table 5). 
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Figure 1. The difference in the means of patient urine albumin and urine creatinine according to existence of 

DKD, in which DKD patients had significantly higher urine albumin and lower urine creatinine. 

 

 

Figure 2. The difference in the means of patient eGFR and ACR according to existence of DKD show 

significant higher ACR in DKD while significant higher eGFR in normalbuminuric patients. eGFR: estimated 

glomerular filtration rate, and ACR: albumin creatinine ratio. 

 

 

Figure 3. The difference in the means of patient KIM-1 and Cystatin C according to existence of DKD revealed 

significantly higher levels of both KIM-1 and CystatinC in DKD patients. KIM-1: kidney injury molecule-1. 

 

Table 3. Kidney related parameters in DKD patients. 

Parameters  Patients’ groups (mean ±SD) P value  

Normoalbuminuric T2DM 

N=63 

DKD in T2DM 

N=98 

Urine albumin (mg\dl) 4.70±1.20 13.82±11.35 .000* 

Urine creatinine (mg/dl) 202.90±59.49 108.95±51.28 .000* 

ACR (mg\g) 24.28±5.54 148.64±143.94 .000* 

SCr (mmol\l) 77.29±19.02 82.76±24.94 .117 

eGFR (ml/min/1.73 m2) 98.33±17.74 85.15±23.92 .000* 

KIM-1 (ng\ml) 1.19±0.53 1.60±1.38 .009* 

Cystatin C(mg\dl) 0.80±0.21 1.13±1.06 .004* 

*Significant according to Independent Samples T-Test (P value<0.05), ACR: albumin: creatinine ratio, SCr: serum creatinine, eGFR: 

estimated glomerular filtration rate, and KIM-1: kidney injury molecule 1. 
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Table 4. The correlations among patient characteristics and measured parameters. 

Parameters      SCr KIM-1   CystC  eGFR 

Age                         

 

Correlation coefficient r 

P value 

0.209** 

0.008 

.092 

.248 

.025 

.754 

-.205** 

.009 

BMI (Kg\m2)         

 

Correlation coefficient r 

P value 

-0.001 

0.994 

-.112 

.161 

-.096 

.230 

.061 

.448 

DM duration        

 

Correlation coefficient r 

P value 

0.123 

0.119 

-.030 

.702 

-.076 

.340 

.040 

.615 

HbA1c (%)           

 

Correlation coefficient r 

P value 

-0.012 

0.875 

.025 

.756 

.123 

.121 

-.080 

.315 

TC (mmol\l)          

 

Correlation coefficient r 

P value 

-0.161* 

0.041 

.015 

.855 

.001 

.991 

-.039 

.626 

TG (mmol\l)         

 

Correlation coefficient r 

P value 

0.045 

0.570 

.018 

.824 

.023 

.769 

-.144 

.068 

HDL (mmol\l)      

 

Correlation coefficient r 

P value 

0.003 

0.973 

-.113 

.153 

-.117 

.139 

.093 

.241 

SCr (mmol\l)       

 

Correlation coefficient r 

P value 

1 -.105 

.185 

-.062 

.434 

-.334** 

.000 

KIM-1(ng\ml)     

 

Correlation coefficient r 

P value 

-0.105 

0.185 

1 .810** 

.000 

-.552** 

.000 

CysC (mg\dl)      

 

Correlation coefficient r 

P value 

-0.062 

0.434 

.810** 

.000 

1 -.736** 

.000 

eGFR (ml/min/1.73 

m2)  

Correlation coefficient r 

P value 

-0.334** 

0.000 

-.552** 

.000 

-.736** 

.000 

1 

*Significant correlation (P value <0.05), **Significant correlation P value<0.01). BMI: body mass index, HbA1c: glycated hemoglobin, 

DM: diabetes mellitus, TC: Total Cholesterol, TG: Triglyceride, HDL: high density lipoprotein. SCr: serum creatinine, KIM-1: kidney 

injury molecule-1, eGFR: estimated glomerular filtration rate. 

 

Table 5. Association between patient characteristics and biomedical parameters with ACR levels. 

Independent variables Standardized Coefficients P value 95.0% Confidence Interval for B 

Beta  Lower Bound Upper Bound 

Age .024 .786 -2.401 3.166 

BMI (kg\m2) -.044 .596 -5.575 3.214 

DM_duration .109 .215 -1.467 6.454 

HbA1c (%) .079 .329 -5.412 16.051 

KIM-1 (ng\ml) -.250 .050 -61.706 .549 

CystatinC (mg\dl) .353 .033* 4.843 115.018 

TC (mmol\l) .065 .433 -10.151 23.582 

eGFR (ml/min/1.73 m2) .037 .766 -1.201 1.627 

*Significant (P value <0.05) according to multiple linear regression analysis. BMI: body mass index, HbA1c: glycated hemoglobin, TC: 

Total Cholesterol, KIM-1: kidney injury molecule-1, and eGFR: estimated glomerular filtration rate. 

 

Receiver operating characteristic (ROC) curve analysis 

According to receiver operating characteristic (ROC) curve analysis, the area under the 

curve (AUC) for GFR was the highest (AUC = 0.717), whereas SCr had the lowest (AUC 

= 0.556) as shown in (Table 6). Regarding the diagnostic accuracy of DKD, in other 

words, eGFR is helpful as the best diagnostic test; CysC and KIM-1 (AUC = 0.619-0.652) 

are good tests; and SCr is a poor diagnostic test for DKD. Similarly, eGFR has 

acceptable sensitivity (0.724) and specificity (0.627), while the other three tests (CysC, 

KIM-1, and SCr) have inadequate diagnostic selectivity and specificity (Table 7 and 

Figures 4 and 5). The cutoff level for the eGFR was 95 ml/min/ 1.73 m2, and any value 

below this level indicates DKD (Table 7). 

 

Table 6. Area under the curve (AUC) of kidney related parameters: CysC, KIM-1, SCr, eGFR. 

Parameter Area (AUC) Std. Error P value Asymptotic 95% Confidence Interval 

Lower Bound Upper Bound 

CysC (mg\dl) .652 .045 .002 .564 .740 

KIM-1 (ng\ml) .619 .046 .015 .529 .709 

SCr (mmol\l) .556 .048 .254 .463 .649 

eGFR (ml/min/1.73 m2) .717 .042 .000 .634 .799 

CysC: cystatin C, KIM-1: kidney injury molecule-1, SCr: serum creatinine, and eGFR: estimated glomerular filtration rate. 
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Figure 4. Receiver operating characteristic (ROC) curve to assess the diagnostic efficiency of four renal 

parameters: CysC, KIM-1, SCr, and ACR by distinguishing patient based on ACR (either normalbuminuria or 

DKD) in T2DM. The AUC for serum KIM-1 and CysC was comparable and better than that of SCr. CysC: 

cystatin C, KIM-1: kidney injury molecule-1, SCr: serum creatinine, and ACR: albumin creatinine ratio.    

 

 

Figure 5. Receiver operating characteristic (ROC) curve to assess the diagnostic efficiency of estimated 

glomerular filtration rate (eGFR). For eGFR, AUC was 0.717 and the cutoff value for identification of 

ACR≥30mg\g was found to be 95.5 mL/min/1.73 m2 with a sensitivity of 72% and specificity of 63%. 

 

Table 7. Analysis of the ROC curve: sensitivity and specificity of CysC, KIM-1, SCr, eGFR. 

Parameter Positive if Less Than or Equal Toa Sensitivity Specificity 1 - Specificity 

CysC (mg\dl) .8150 .644 0.542 .458 

KIM-1 (ng\ml) 1.0600 .586 0.525 .475 

SCr (mmol\l) 76.500 .540 0.525 .475 

eGFR (ml/min/1.73 m2) 95.50 .724 0.627 .373 

CysC: cystatin C, KIM-1: kidney injury molecule-1, SCr: serum creatinine, and eGFR: estimated glomerular filtration rate. 
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DISCUSSION  

Diabetic kidney disease is thought to be a result of a combination of environmental and 

medical conditions, including persistent hyperglycemia, dyslipidemia, and/or arterial 

hypertension in genetically susceptible individuals [24]. The current study revealed that 

both patient groups (with or without DKD) had an approximate mean age occurring in 

the sixth century and an approximate BMI, indicating that most patients were 

overweight. Also, both study groups had normal SBP and DBP with no significant 

difference between study groups; these findings were in agreement with a previous 

study [2]. Females had a higher prevalence than males in DKD, and this result is similar 

to that of an Iraqi study [25]. The duration of DM and presence of CHD, in addition to 

smoking status and living place results, showed no significant differences between the 

studied groups. 

Both study groups had poor glycemic control with FBG levels above 10 mmol/l and 

uncontrolled HbA1c levels that were significantly higher for DKD patients; also, DKD 

patients had significantly higher TC. Previous studies on T2DM with DKD showed 

significant differences in FBG and HbA1c between normalbuminuria, 

microalbuminuria, and macroalbuminuria in T2DM patients [24, 26-29]. In terms of 

lipid profile, a previous study results were similar to the present study results, which 

showed significant differences in TC but no significant difference in both TG and HDL 

between patient groups (with and without DKD) [24]. 

For kidney-related measures, there were significant differences in all studied urinary 

parameters (albumin, creatinine, and ACR) between the study groups, while SCr was 

higher in the DKD group but not significant. Numerous studies results were in 

accordance with the present study regarding urinary albumin, creatinine, and ACR, 

except for SCr, for which the difference was significant in these studies [2, 6, 19, 27, 30-

33]. Several studies found no significant difference in SCr [34, 35], which was in 

accordance with the present findings. Because tubular proteins and enzymes such as 

KIM-1, N-acetyl-d-glucosaminidase, and 2-microglobulin are detectable even before the 

onset of microalbuminuria and an increase in SCr, it has been demonstrated that 

tubular involvement occurs prior to glomerular involvement in DKD [20, 36]. As a 

result, tubular biomarkers may be as significant as glomerular markers in detecting 

renal impairment early in T2DM. Urine albumin excretion and GFR are commonly used 

to diagnose and monitor DN. While the GFR estimate represents late functional 

abnormalities rather than early structural issues in the kidney and is creatinine-based, it 

is impacted by a range of characteristics such as ethnicity, muscle mass, age, and 

gender [16]. Several indicators in blood and urine have been recently examined which 

serve an essential role as early identifying indicators of acute renal injury and its 

consequences, such as CysC and KIM-1 [30]. The current study found that serum KIM-1 

levels are considerably higher in the DKD group; these findings were in accordance 

with earlier research findings [31, 32]. Previous meta-analysis done on urinary KIM-1 

(uKIM-1) also showed significant differences with higher levels in DKD groups, 

indicating that uKIM-1 was a sensitive and specific marker for early detection of DKD 

in patients with T2DM [37]. 

Serum CysC worked well as an acute kidney failure marker and was considered to 

diagnose acute kidney failure development earlier than SCr [38]. In this study, CysC 

levels were significantly higher in DKD patients compared to the normoalbuminuric 

group, which was consistent with previous findings that found serum CysC higher in 

both microalbuminuria and macroalbuminuria compared to normalbuminuria [27-29, 

39]. 
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In this study, there were significant correlations between age and both SCr levels and 

eGFR; as age increased, SCr increased, while eGFR decreased as age increased. Also, 

SCr had a significant negative correlation with TC and eGFR. These results were in 

accordance with previous results except for TC [40, 41]. Moreover, the current study 

found a considerable positive correlation between serum CysC and KIM-1 and a strong 

negative correlation with eGFR; therefore, eGFR decreased significantly as SCr, CysC, 

and KIM-1 increased. Recently Iraqi study found significant negative correlation 

between serum CysC and eGFR in both microalbuminuria and  macroalbuminuria 

patients [39]. A study found that there was a substantial negative relationship between 

serum CysC and eGFR. Serum CysC and SCr also had a substantial positive connection. 

However, there was no significant relationship between serum CysC and age [29]. 

While another study demonstrates a positive association between serum CysC and 

ACR. Furthermore, serum CysC was shown to be positively associated with age and 

duration of diabetes [41].  

Multiple linear regression analyses show significant positive associations between 

CysC, and ACR. These results were consistent with previous studies [42-44], which 

found that CysC levels were shown to have a significant correlation with albuminuria. 

As a result, it might be used as an early warning sign of microalbuminuria in the 

detection of nephropathy [42-44]. Regarding KIM-1, the current study's findings were 

not significant (p=0.050) while a study found that both urine and serum KIM-1 levels 

are highly significant associated with albuminuria than eGFR. Because long-term 

albuminuria causes proximal damage in those with classic DN and is followed by GFR 

loss from interstitial injury, it implies long-term renal impairment. Serum KIM-1 may 

also represent interstitial damage caused by proximal tubular injury [31]. 

The area under a ROC curve assesses the statistics' capacity to accurately differentiate 

between individuals with abnormal albuminuria and those with normal albuminuria. 

The ACR was used to categorize patients. The optimum test for illness diagnosis is one 

that has 100% sensitivity and specificity. Nonetheless, the ROC curve is designed to 

compare the greatest sensitivity and highest specificity by adjusting sensitivity and 

specificity [30]. In the present study, eGFR had the best ROC result compared to other 

serum markers, so it can be considered the best diagnostic test to differentiate DKD 

from normalbuminuric T2DM, these result was consistent with Al-Saedy et al. which 

found approximate cutoff level with lower specificity and higher sensitivity, however 

(AUC=0.616) was nonsignificant and lower than that of the present study [30]. Also, 

serum CysC had a higher AUC, sensitivity, and specificity compared to other serum 

markers, followed by serum KIM-1 and SCr, which had the least AUC, sensitivity, and 

specificity. These results were consistent with Iraqi study by Al-Saedy et al. which 

found AUC for CysC was 0.706 (p < 0.005) [30], and also with two recent studies which 

identify that the AUC  of serum CysC was 0.617 (p < 0.005) for predicting DKD [41, 45]. 

While other recent Iraqi study found that serum CysC had higher sensitivity and 

specificity with higher AUC especially in macroalbuminuria patients [39], also other 

prior studies show a higher AUC for CysC [27, 46, 47]. It could be due to the small 

sample size and the use of ACR rather than GFR levels to group patients. 

The main limitation of the present study is that its design was cross-sectional, and the 

serum and urine variables were only examined once for each patient, which may have 

overestimated or underestimated the results. This limits the diagnostic role for 

progressive DKD, which necessitates a prospective study. Furthermore, the gold 

standard approach of GFR evaluation and 24-hour urinary albumin excretion rate were 

not examined since this study used random spot urine for ACR calculation rather than 

24-hour urine collections, which were unable to perform for all patients.  
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CONCLUSION 

The current investigation presents clinical evidence that serum KIM-1 and CysC levels 

might be considered early biomarkers for DKD, along with eGFR, which have the best 

sensitivity and specificity for the diagnosis of DKD compared to other serum 

biomarkers. 
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