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Abstract: Background: Altered kidney structure and function is the most important evidence of diabetic nephropathy (DN), also 

known as diabetic kidney disease (DKD), and is an important cause of permanent renal impairment. Urinary albumin/creatinine 

proportion and glomerular filtration rate are utilised in ordinary work practise in the Republic of Iraq to detect DKD. These routine 

tests, on the other hand, do not always detect initial DN damage. In the current study, early kidney damage is detected by urine 

biomarker NGAL and Cystatin C, even if the patients do not show any symptoms. Research design and methods  :  This study used 

a cross-sectional design all 180 participant are female with type 2 diabetes mellitus the ages of 40 and 70. Were enrolled during 

the period between June 2021 to February in 2022. Those patients were attended to Diabetic center for admitted in the Teaching 

Hospitals of Wasit Governorate (Iraq). After taking informed consent from each. We chose n=67 NDKD and n=113 DKD (eGFR 

60 mL/min/1.73 m2 and uACR >30 mg/g) from the participants who were separated into two groups based on the ratio of eGFR to 

uACR. Results: The DKD group had significantly higher concentration of of NGAL and Cystatin C in urine than the NDKD group, 

according to the study's findings. In both groups with diabetes, receiver operating characteristic (ROC) curves where uNCR was 

known to be greater than uNCR for estimating eGFR/uACR were found to be better than uNCR for estimating eGFR/uACR, which 

gave the uNCR: AUC 0.973, (95%CI): (0.921, 1.000), Specificity 97%, Sensitivity 90 %, PPV 98%, NPV 93% with accuracy 93% 

and precision 98%, (log-rank test P=0.005). Conclusions: Urine markers such as NGAL and Cystatin C It may serve as a possible 

technique for detecting cases with a significant clinical suspicion of DKD, particularly if it is attributable to uACR.  
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INTRODUCTION 

DKD is thought to be caused by diabetes and the high blood 

sugar that comes with it [1]. DKD, which is the leading cause 

of end-stage kidney disease (ESRD), affects half of people with 

type 2 diabetes [2]. With the fast-increasing frequency of DKD, 

biomarkers that can predict the development and severity of 

DKD are in high demand. An increment in systemic 

inflammation has been associated to T2DM [3]. Chronic 

inflammation has a role in the onset and progression of DKD in 

T2DM patients [4]. DKD has a direct association with other 

pathological conditions such as oxidative stress, glomerular 

damage, tubular injury, and inflammatory responses. [5]. DKD 

is diabetes-related CKD, defined as a glomerular filtration rate 

(GFR) of < 60 mL/min/1.73 m2 and/or a urine albumin: 

creatinine ratio of ≥30 mg/g creatinine [6].  

There is no requirement for a kidney sample if these conditions 

are followed. Proteinuria (major albuminuria) or perhaps 

microalbuminuria is not a reliable indicator of renal 

deterioration in individuals with type 2 diabetes, implying a 

non-proteinic form of diabetic kidney disease defined by an 

eGFR of <60 mL/min/1.73 m2 and a UACR of < 300 mg/gm. 

[7]. In T2DM, Cystatin C and Neutrophil gelatinase associated 

lipocalin (NGAL) were shown to be two novel potential 

indicators in serum. Urine NGAL (uNGAL) and Urine Cystatin 

C (uCys C) were shown to be considerably higher in T2DM 

patients, suggesting that they might be used as early indicators 

of tubular and glomerular markers, respectively. Other recent 

evaluations on the potential of biomarkers in DKD early 

detection may be found here. [8] 

Cystatin C is a tiny protein that the body filters via the glomeruli 

and has a strong relationship with glomerular filtration rate 

(GFR) [9]. The effect is almost non-existent for age (more than 

a year), sex, muscle mass and inflammatory diseases [10]. CysC 

is distinguished from other indications of renal failure by its 

power to remain unbound to proteins and flow freely through 

the glomeruli. In healthy persons, CysC, like other low-

molecular-weight proteins with minimal or only limited tubular 

secretion, is filtered almost completely by the glomeruli and 

reabsorbed nearly totally in the proximal tubules. The readings 

of this biomarker rise with decreasing GFR in renal impairment. 

When there is early renal impairment, CysC rises when GFR 

and creatinine concentrations are still within acceptable ranges, 

according to several studies. [11,12] 
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The NGAL is used as a biomarker for renal injury since its 

release is similar to the reaction to tubular damage [13]. NGAL, 

a tiny protein (25 kDa) related to the lipocalin protein family 

that is detected in both urine and serum and generated in the 

renal tubules following inflammation and tissue injury, is one 

of the most significant tubular biomarkers in the detection of 

acute and chronic kidney disease. [14]. It is produced even 

before albumin is detected in the urine, as it needs two to four 

hours to appear [15]. In the early stages of DN, the uNGAL 

increases, then decreases as the disease progresses. In other 

words, the quantity of albuminuria is inversely proportional to 

uNGAL [16]. The therapy of metabolic and hemodynamic 

disturbances is critical for the prevention and delay of DKD 

development. DKD is a global problem with substantial social 

and economic implications; research should focus on coming 

up with novel ways to combat this dreadful disease [17]. 

Clinical and experimental research revealed that the 

progression in rabies and how it occurs can be determined by 

means of knowledge of renal tubular damage [18]. DKD can be 

detected and treated early, delaying the onset of ESRD. eGFR 

and urine albumin excretion appear to be the most predictive 

factors. Renal risk scores are still in their early stages of 

development, and most models contain flaws [19]. Here, we'll 

look for a sensitive biomarker that may be used to correctly 

classify diabetic individuals with CKD and predict disease 

progression. In this investigation, uNCR levels in T2DM 

patients with DKD were shown to be considerably greater than 

those in T2DM patients with non-diabetic kidney disease 

(NDKD).  

METHODS  

Study design and Sample Collection 

This study employed a cross-sectional study design, with 180 

patients with Type 2 diabetes, all of whom were women, 

ranging in age from 40 to 70 years. Were enrolled during the 

period between June 2021 to February in 2022. Those patients 

were attended to Diabetic center for admitted in the Teaching 

Hospitals of Wasit, Region (Iraq). After taking informed 

consent from each; The individuals were separated into two 

groups based on their urine albumin to creatinine ratio (uACR). 

We chose 67 NDKD (uACR <30 mg/g)

and 113 DKD (uACR ≥30 mg/g) participants from 2 categories 

(Diabetes group (DKD) "standard clinical renal function was 

abnormal") after they volunteered for a physical examination. 

New and traditional measurements for diabetic kidney patients 

were measured for two sets of urine and venous blood samples, 

and these biomarkers are: Serum NGAL (Neutrophil 

Gelatinase-Associated Lipocalin), Serum Cystatin C, Serum 

Creatinine, uACR. Normal and fasting blood glucose indices, 

as well as HbA1c, were used to confirm T2DM. Use venous 

blood in the morning to measure creatinine, uCysC, uNGAL, 

HbA1c, and blood sugar after a 12-hour fast. Special tubes were 

used to test uCysC and uNGAL, which were placed in a 

centrifuge and stored in deep freeze (-80°C). The 

concentrations of uCysC and uNGAL were measured by 

enzyme-linked immunosorbent assay (ELISA) and enzyme 

quantitative immunoassay (sandwich antibody duplex) by 

(Melsin medical co., limited, China). uCysC has a conventional 

biomarker value of 0.62-1.11 mg/L. At mean concentrations of 

0.97 mg/L, the inter-assay coefficient of variation (CV) was 

5.05 %, and at mean concentrations of 1.90 mg/L, it was 4.87 

%. The measurement frequency for NGAL is 10.0-1500 ng/mL, 

whereas the calibration range is 0.0-1500 ng/mL. A 

concentration of up to 131.7 ng/mL is deemed normal. The 

UACR were measured from a urine sample, and the uACR were 

regarded abnormal when it values larger than 30 mg/g, which 

refers to patients with DKD in this study; and the analysis is 

planned to have a <10% error in total CV (coefficient of 

variation). The uACR was measured from a urine sample, and 

results more than 30 mg/g were considered abnormal. This 

refers to the patients in this research who have DKD. The results 

are reliable to by 10% of the total CV (coefficient of variation). 

The estimated glomerular filtration rate (eGFR) is CKD-EPI 

eGFR = 141 min (SCr /κ, 1)α max (SCr /κ, 1) -1.209 x0.993age , 

as computed by the CKD-EPI (Chronic Kidney Disease 

Epidemiology Collaboration) creatinine equation. [x1.018 (if a 

woman)] or [x1.159 (if a black person)] SCr in mol/l is κ 61.9 

for females and 79.6 for men, α is -0.329 for females and -0.411 

for males, min shows the minimum of SCr/κ or 1, max 

represents the maximum of SCr/κ or 1.[20] 

The study's major goal is to determine the percentage of T2DM 

patients who have CKD (eGFR 60 ml/min/1.73 m2 or albumin 

creatinine ratio [uACR] ≥30 mg/g or ≥3 mg/mmol, or both). 

The evolution of albuminuria from normal albuminuria (urine 

albumin to creatinine ratio [uACR], 30 mg/g) to 

microalbuminuria (uACR 30-299 mg/g) to macroalbuminuria 

(uACR ≥300 mg/g) can be used to predict the clinical course of 

diabetic renal patients. An empirical method was used to 

calculate the rate of progression of CKD in the presence of non-

proteinuria (uACR 30-299 mg/g) and proteinuria (uACR ≥300 

mg/g). Then the study patients' renal dysfunction assessment 

(eGFR/uACR) was used to classify the patients. If urine is 

stored at room temperature, it can be used for tests for up to 24 

hours, and the shelf life can be extended to 7 days by storing it 

at 2-8°C. The medical history must be taken from the patient 

because it has an important role in diagnosis and treatment. We 

exclude patients with active urinary tract infection, T1DM, 

pregnant patients, gestational diabetes, other renal disorders, 

patients on glucocorticoid medication, chronic conditions, 

active malignancy, or patients who demanded to be excluded 

from the trial. 

STATISTICAL ANALYSIS 

R was used to conduct statistical analysis (version 4.0.2). The 

demography and lab tests findings were analysed using 

standardised statistical techniques. The Pearson parametric 

correlation (Pearson's correlation coefficient r with P-value) 

was used to determine whether the values of two variables are 

associated; the connection of general and biochemical 

parameters with diabetic kidney disease was investigated using 

Pearson Chi-squared and ANOVA tests; descriptive statistics 

(Mean ± SD); and operating receiver curve (ROC) 

responsiveness and specificity were established. Multiple 

regression analysis was a method for examining the connection 

between one dependent factor and one or more independent 

factors; the null hypothesis was rejected using the p-value.
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RESULTS 

Participant Information 

In Table 1, diabetic kidney disease (DKD) patients were 

classified as per their level of renal dysfunction based on the 

ratio of kidney function to the amount of protein in the urine 

(eGFR/uACR). DKD staging, which is useful for planning, 

follow-up, and administration, is created using this data. 

Individuals with an uACR of < 3 mg/mmol and an eGFR of 

more than > 60 mL/min/1.73 m2 were classified as having 'No 

DKD.' Persons with DKD had an uACR > 3 mg/mmol or an 

eGFR <60 mL/min/1.73 m2. Gender, age, hypertension, 

HBA1c percent, SCr, and eGFR-Cr were not statistically 

different in both diabetes cohorts (p≥0.05). On the other hand, 

the mean values of patients with DKD were insignificantly 

different from NDKD in the two groups; from where the mean 

values of other variables like Hypertensive, known duration of 

diabetes, showed significant difference higher in DKD group 

than DKD (p ≤0.05).  

Table 1. Demographic and biochemical parameter of diabetes groups 

Variables 

(nss=180) 

NDKD 

eGFR/UACR (n =67) 

DKD 

eGFR/UACR  

(n = 113) 

P-Value 

Age (years) (mean±SD) 45.5 ± 9.80 47.46 ± 8.72 0.068 

Hypertensive (yes/ no) (n) 23/7 27/3 <0.08 

Diabetes (mean±SD) 

Known duration (years)  

HBA1c %  

 

5.7±3.0 

6.43 ± 0.35 

 

13.0±5.2 

8.95 ± 2.53 

 

<0.005 

0.787 

DKD parameters (mean±SD) 

SCr (mg/dl) 

eGFR-Cr (ml/min/1.73m2) 

UACR (mg/g) 

Albuminuria status (n) 

Normoalbuminuria 

Microalbuminuria 

Macroalbuminuri 

CKD stage (1/2/3a/3b/4/5) (n) 

 

0.65 ± 0.11 

109.55 ± 11.33 

18.24 ± 4.83 

 

30 

0 

0 

10/20/0/0/0/0 

 

0.83 ± 0.38 

96.21 ± 13.20 

112.17 ± 67.78 

 

0 

13 

17 

0/4/16/9/1/0 

 

0.297 

0.723 

<0.001 

 

--- 

--- 

--- 

--- 

        Data are presented as the mean ± SD, unless otherwise indicated. NDKD, non-diabetic kidneydisease; DKD, diabetic kidney 

disease. A P value of ˂0.05 indicates significance. 

   

In Table 2, And on the same division of the first table of 

patients' groups, the mean values of patients with DKD were 

insignificantly different from NDKD in the two groups also; 

from where the mean values of other potential biomarkers 

analysis in study patients like uACR, uCysC, uCCR, uNGAL, 

uNCR showed significant difference higher in DKD group than 

DKD (p ≤0.001). 

Table 2. Other potential biomarkers analysis in study patients (mean±SD) 

Variables 

(nss=180) 

NDKD 

eGFR/UACR (n =67) 

DKD 

eGFR/UACR 

(n = 113) 

P-Value 

uCysc (mg/L) 

uCCR (lg/g) 

uNGAL (ng/ml) 

uNCR (lg/g) 

125.03 ± 85.32 

158.03 ± 96.21 

18.12 ± 12.34 

23.11 ± 11.93 

215.41 ± 92.35 

380.71 ± 227.08 

70.93 ± 34.35 

118.71 ± 55.05 

<0.001 

<0.001 

<0.001 

<0.001 

Data are presented as the mean ± SD, A P value of ˂0.001 indicates highly significance. 

 

Table 3 shows the results of ROC analysis of uACR with 

uNGAL and uCCR, as well as the area under the curve, as 

indicated in Table 2 and Figures 1 and 2. When comparing 

diabetic kidney patients to non-diabetic kidney patients, the 

uNCR: AUC 0.973 (95 % CI): (0.921, 1.000), Specificity 97 %, 

Sensitivity 90 %, PPV 98 %, NPV 93 % with accuracy 93 

percent and precision 98 % was found to be better than the 

uCCR: AUC 0.872 (95 % CI) (0.784, 0.959), Specificity For 

predicting diabetic kidney patients as well as non-diabetic 

kidney patients of type 2 diabetes patients, PPV 98 %, NPV 93 

%, accuracy 81, and precision 93 % were used. 

 

Table 3. ROC curve (Area under curve (AUC) for Urine NGAL and Urine Cystatin C)  

Parameters AUC 

(95 % Cl) 

Sensitivity% Specificity% PPV% NPV% Accuracy% Precision% 

NDKD 

 

uNCR 0.956 

(0.813-0.963) 

83 77 71 87 79 71 
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uCCR 0.803 

(0.643-0.970) 

71 79 72 77 75 72 

DKD 

 

uNCR 0.973 

(0.921-1.000) 

90 97 98 88 93 98 

uCCR 0.872 

(0.784-0.959) 

66 93 93 67 81 93 

eGFR/Uacr 1.000 

(0.995-1.000) 

100 100 100 100 100 100 

 

 

Figure 1. ROC analysis of uNCR and uCCR in non-diabetic kidney patients with uACR as status variable 

 

 

Figure 2. ROC analysis of uNCR and uCCR diabetic kidney patients with uACR as status variable 

DISCUSSION 

Increasing data from experimental and clinical investigations 

shows that only a small percentage of individuals with 

CKD/DKD achieve end-stage renal disease (ESRD), with the 

most dying from other reasons before reaching ESRD [21]. 

Here, we'll look for a sensitive biomarker that can be used to 

correctly classify diabetic individuals with DKD and predict 

disease progression. In this study, uNCR and uCCR levels were 

shown to be significantly greater in DKD patients than in 

NDKD patients. In both basic and multivariate logistic 

regression models, the level of uNCR was demonstrated to be a 

risk factor for DKD in diabetic patients with CKD.DKD is a 

large and rising expensive health-care burden, which is 

projected to continue to climb as the population ages and T2D 

rates rise. Despite current best practise standards of therapy, 

such as lifestyle change, blood pressure control, and the 

utilization of renin-angiotensin-aldosterone system blockers, 

the rate of progression to ESKD in patients with CKD is still 

high [22].

Therefore, it is important to stratify diabetic patients at high risk 

of progressing from DKD to ESRD by adopting a precise and 

accurate biomarker to distinguish between NDKD and DKD. 

The kidney damage indicators albumin, NGAL, and cystatin C 

are measured in urine to detect kidney impairment in people 

with pre-diabetes. Makris et al., Conti et al., Makris et al., 

Makris et al., Makris et al., Makris et al., Makris et al., Makris 

et al., Makris et al., Makris et al., Makris et al., Makris et al., 

Makris et [23, 24]. The results of Laquonetti et al. [25, 26] Wu 

et al. [25, 26] to calculate the mean value of NGAL (12.65 



Assessment of urinary cystatin c and ngal in diabetic- and non-diabetic Section A-Research paper 

kidney disease over 40 years female with type 2 diabetes 

Eur. Chem. Bull. 2022,11(8), 157 – 163                                              161 

ng/ml). Diabetes and normal albuminuria linked with diabetes 

were shown to have increasing amounts of NGAL and Cystatin 

C than healthy controls [26, 27]. The results of the current 

research were similar to those found by Jeon et al. [29] 

According to the aforementioned source, Cystatin C levels in 

diabetic persons with normal albuminuria and 

microalbuminuria are 0.06 ± 0.06 and 0.32 ± 1.14 mg/L, 

respectively. In the study by Wu et al., the UNCR values in 

diabetic patients with normoalbuminuria and microalbuminuria 

were 12.54 (8.08–27.61) and 14.99 (8.7–25.88) lg/g, 

respectively; the values in the research by [33, 34] were 69.2 

(29.3–120.4) and 123.6 (59.4–184.60) lg/g, respectively. The 

uNCR levels in the present research were comparable to those 

obtained in the prior two studies. More study is needed to 

corroborate the aforementioned results since conventional 

normality values have yet to be established. The levels of 

uACR, NGAL, cystatin C, uCCR, and uNCR in 

normoalbuminuria patients are less than those in 

microalbuminuria patients, as shown in Table 1. Individuals 

with micro and macroalbuminuria, and also glomerular 

hyperfiltration, show an increase in these symptoms. According 

to Nauta, Wu, and Assal et al. [32, 33, 35] In healthy controls, 

urinary NGAL levels were increased, normal albuminuria, 

microalbuminuria, and macroalbuminuria. Cystatin C levels 

increased with albuminuria [29, 30]. Pre-diabetes individuals 

with normal albuminuria showed greater levels of NGAL and 

cystatin C than diabetic patients with normal albuminuria. The 

prior group's eGFR was greater, demonstrating this. According 

to Fu WJ et al., people with type 2 diabetes and glomerular 

hyperfiltration showed greater amounts of NGAL in their urine 

than those with normal filtration. [36] The pre-diabetes stage 

had not been researched for the aforementioned example till the 

time of authoring the research. In the case of excessive 

glomerular filtration causing tube injury, increasing pressure 

and flow might cause functional and structural alterations. 

Renal tubular injury can be determined by measuring the level 

of the glycoprotein NGAL, which results from damaged renal 

epithelial cells. In diabetic nephropathy, renal insufficiency can 

be known by the level of NGAL production [36, 37]. As for 

cystatin C, it is not tubular secreted and is freely filtered by the 

glomeruli and is mostly absorbed by the proximal tubules. If it 

is secreted, it is one of the signs of tubular and glomerular 

dysfunction [38, 36]. Diabetic patients with early renal 

impairment have a DN disorder and the cause is believed to be 

a tubulo-interstitial infection. People with diabetes who had 

normal albuminuria owing to glomerular hyperfiltration had a 

greater amount. Premature tubular failure is implicated of 

diabetic kidney disease, as evidenced by the preceding. In pre-

diabetes and diabetes, there was a favorable correlation between 

UACR and uNCR. Albuminuria is a symptom of glomerular 

injury. One-third of diabetes individuals with microalbuminuria 

had glomerulopathy. Lower urinary tubular indices at baseline 

were strongly related with regression of microalbuminuria in 

two-year research by Vaidya et al. [39]. Endocytosis of 

progressive glycation end products (AGEs) in proximal tubular 

epithelial cells by megalin in diabetics can induce cellular 

damage. Megalin concentrations in urine were shown to be 

linked with the severity of diabetic kidney disease in studies 

evaluating megalin as a tubular biomarker [38]. Kim et al. [30] 

discovered that uACR was positively associated with NGAL in  

normoalbuminuria (r = 0.603, p0.05) and microalbuminuria (r 

= 0.204, p0.05) groups.Nauta et al. [35] obtained similar results 

(b = 0.45, p <0.001). We explored the relationship between 

diabetes and pre-diabetes and biomarkers in people with 

diabetes and pre-diabetes. A little increase in urine NGAL and 

Cystatin C with of albuminuria in the normoalbuminuria range 

might be due to decreased tubular absorption. The addition of 

new biomarkers (NGAL and Cystatin C) to existing tests 

(uACR and eGFR) for early DN diagnosis aids in the creation 

of suitable management and treatment strategies, which are 

critical for reducing DKD morbidity and mortality in T2D 

patients. Despite the fact that multiple studies on Cystatin C and 

NGAL have been done, cut-off values for normality have yet to 

be thoroughly defined in the literature by bigger observational 

research before being included in T2D patients' DKD risk 

assessments. 

CONCLUSION 

For primary care physicians, there is a clear possibility for more 

risk-reduction techniques in individuals with T2D and early 

stages of renal failure. Urine eGFR/uACR is not sensitive or 

specific enough to detect these alterations early on. NGAL and 

Cystatin C are two urine indicators. Early identification of 

nephropathy in those with pre-diabetes and diabetes has shown 

promising results, particularly when connected to uACR. 
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