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Background: Analyzing urinary biomarkers may provide better insight into pathophysio
logical mechanisms of diabetic kidney diseases. The study aimed to analyze the pattern of 
selected excreted urinary biomarkers and its correlation with albuminuria and estimated 
glomerular filtration rate (eGFR) in patients with type 2 diabetes.
Methods: A total of 185 patients with type 2 diabetes were categorized according to 
KDIGO guideline based on albuminuria and eGFR. The urinary markers (transferrin, 
KIM-1, RBP, MCP-1 and NGAL) were measured by ELISA.
Results: The urinary markers were associated with eGFR (total protein/Cr, p=0.001; RBP/ 
Cr, p=0.007; MCP-1/Cr, p=0.023; NGAL/Cr, p=0.011) and albuminuria (total protein/Cr, 
p<0.001; transferrin, p<0.001; RBP/Cr, p<0.001; MCP-1/Cr, p<0.001; NGAL/Cr, p=0.002).
Conclusion: The urinary marker levels (total protein, RBP, MCP-1, and NGAL) are 
elevated with severity of kidney damage and expressed more in progressive renal 
impairment.
Keywords: diabetic kidney disease, urinary markers, albuminuria, transferrin, kidney injury 
molecule-1, retinol-binding protein, monocyte chemoattractant protein-1, neutrophil 
gelatinase-associated lipocalin

Introduction
Diabetic kidney disease (DKD) is one of the microvascular complications of 
diabetes with high morbidity and mortality. Approximately, 40% of the diabetic 
patients develop DKD and it is considered a leading cause of end-stage kidney 
disease (ESKD).1 According to the Saudi Center for Organ Transplantation 
(SCOT), in Saudi population, 40% of ESKD were caused by diabetic nephropathy 
(DN).2

In clinical practice, the albumin-to-creatinine ratio (ACR) is a well-standardized 
urinary biomarker for the diagnosis of kidney disease in patients with diabetes 
mellitus. However, estimated glomerular filtration rate (eGFR) is also a standard 
measure for kidney function and to determine the various stages of renal disease. 
The combination of both will provide a better understanding on both renal struc
tural and functional changes developed in patients with diabetes. Recently, National 
Kidney Foundation (NKF) recommended the Kidney Disease: Improving Global 
Outcomes (KDIGO) guidelines for the classification of chronic kidney disease 
(CKD) encompassing cause and severity, as expressed by both albuminuria and 
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eGFR.3 However, albuminuria and eGFR are not sensitive 
enough to determine the renal damage in patients with 
diabetes. Therefore, exploring novel urinary biomarkers 
may help to identify renal damage in type 2 diabetes at 
an early stage.

The glomerular dysfunction might be a major cause for 
the development and progression of DKD. Moreover, 
tubulointerstitial damage might have an important role in 
the pathogenesis of DKD. It has been suggested that the 
excess albuminuria is not only an indicator of glomerular 
permeability but also relevant to tubular damage or dys
function. Therefore, more specific urinary markers are 
required to identify the tubular or glomerular damage in 
the diagnosis of kidney diseases.

Urinary total protein is a sensitive biomarker for the 
prediction of proteinuria in kidney disease, and its diag
nostic utility in DKD has been proven.4–6 Recently, several 
glomerular and tubular damage markers, including trans
ferrin, kidney injury molecule-1 (KIM-1), retinol-binding 
protein (RBP), monocyte chemoattractant protein-1 (MCP- 
1) and neutrophil gelatinase-associated lipocalin (NGAL) 
have been studied in patients with diabetes.7–12 Although 
these urinary markers are altered in kidney disease, sig
nificance of these markers in the cause and severity of 
DKD have not been compared yet. Furthermore, the var
iation in the levels of these urinary markers, including both 
glomerular and tubular markers, in the severity of kidney 
disease in patients with diabetes has not been evaluated. 
Therefore, the study aimed to assess the levels of urinary 
markers (total protein, transferrin, KIM-1, RBP, MCP-1 
and NGAL) in DKD and to analyze the association of 
eGFR and albuminuria with urinary markers.

Materials and Methods
Study Population
The study population was selected from a cohort study 
conducted at University Diabetes Center, King Abdulaziz 
University Hospital, King Saud University, Saudi 
Arabia.13 The study was approved by the Institutional 
Review Board (IRB) at College of Medicine, King Saud 
University (IRB# E-19-3969), and was carried out in 
accordance with ethical principles for medical research 
involving human patients.14

The exclusion criteria were as follows: 1) patients with 
a history of smoking; 2) patients with cancer; 3) other causes 
of renal impairment which includes glomerulonephritis, vas
culitis, interstitial nephropathy, malignant hypertension, 

pelvicalyceal infection, bilateral cortical necrosis, amyloido
sis; 4) patients those who take the medications that might 
affect kidney functions; and 5) dialysis patients. 
Additionally, pregnant women and the study participants 
those did not provide either blood samples or urine samples 
were also excluded.13

Patients with type 2 diabetes, >10 years of duration, 
aged between 35 and 70 years were included in this study. 
In total, 185 eligible patients, those having data for the 
urinary biomarkers (total protein, transferrin, RBP, NGAL, 
KIM-1, and MCP-1), and clinical parameters were 
included.

The selected patients were categorized according to 
three different classifications for the diagnosis of kidney 
diseases in patients with diabetes. In the first classification, 
kidney disease was identified according to the Kidney 
Disease: Improving Global Outcomes (KDIGO) guide
lines. The 185 diabetic patients were then subdivided 
into four groups according to the severity of risk, namely, 
low, moderately increased, high, and very high risk. In this 
grouping, G1 represents ≥90, G2 represents 60–89, G3a 
represents 45–59, G3b represents 30–44, G4 represents 
15–29 and G5 represents <15 (mL/min/1.73 m2) of 
eGFR. Similarly, in ACR category, A1 represents 
<30 mg/g, A2 represents 30–300 mg/g and A3 represents 
>300 mg/g of ACR. For risk classification, low-risk group 
comprises G1A1 and G2A1 categories; G1A2, G2A2 and 
G3aA1 comes under moderately increased risk group; 
high-risk group comprises G1A3, G2A3, G3aA2, and 
G3bA1; and very high-risk group included G3aA3, 
G3bA2, G3bA3, G4A3, and G5A3 categories.3,15 In 
the second classification, kidney disease was identified 
according to the American Diabetes Association (ADA). 
Based on albuminuria, participants were divided into three 
groups, namely, normoalbuminuria (ACR <30 mg/g), 
microalbuminuria (ACR 30–299 mg/g), and macroalbumi
nuria (ACR ≥300 mg/g).16 In the third classification, kid
ney disease was identified according to the National 
Institute of Diabetes and Digestive and Kidney diseases 
(NIDDK).17 The patients were subdivided into two groups 
based on eGFR, namely, eGFR ≥60 (mL/min/1.73 m2) and 
<60 (mL/min/1.73 m2).

Patients with T2DM in this cohort were managed with 
oral anti-diabetic medications including metformin, sulfo
nylurea, and sitagliptin, either with or without insulin; 
anti-hypertensive medications, including beta-blockers, 
angiotensin II receptor antagonists, calcium channel block
ers, thiazide diuretics and angiotensin-converting enzyme 
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inhibitors. The hyperlipidemia was managed with statins. 
Retinopathy was diagnosed in (52.43%) of patients, hyper
tension in (72.43%), and hyperlipidemia in (71.9%).

Sample Preparation and Analysis
The blood samples were collected after at least 8 hours of 
overnight fasting, centrifuged at 2000g for 10 min and 
stored at −80°C. The clinical biochemistry analyzer (RX 
Daytona, Randox Laboratories Limited Company, United 
Kingdom) was used to analyze serum levels of fasting 
blood glucose (FBG), hemoglobin A1c (HbA1c), lipid 
parameters including (total cholesterol (TC), low-density 
lipoprotein (LDL), high-density lipoprotein (HDL) and 
triglyceride) and creatinine.

The albumin, total protein, creatinine, and biomarkers 
(Total protein, transferrin, RBP, NGAL, KIM-1, and MCP- 
1) were analyzed by using random urine samples. The RX 
Daytona clinical chemistry analyzer was used to analyze 
urinary albumin, total protein and creatinine. Albuminuria 
was estimated by calculating the albumin-to-creatinine ratio 
(ACR) in mg/g. The eGFR levels were calculated by the 
CKD-EPI creatinine equation.18 Urinary biomarker levels 
(transferrin, RBP, NGAL) were measured with solid-phase 
enzyme-linked immunosorbent assay (ELISA) (Abcam, 
Cambridge, MA, USA). For, urinary KIM-1 and MCP-1 
standard ELISA kits from R & D Systems, United 
Kingdom, were used. The urinary markers including total 
protein were normalized by urine creatinine concentration 
levels.

Statistical Analysis
For data analysis, statistical package for Social Sciences 
(SPSS) version 21.0 (IBM Corp., Armonk, NY, USA) for 
Windows was used. Continuous variables were presented 
as mean (standard deviation) for normally distributed vari
ables or median (interquartile range) for non-normally 
distributed variables. Categorical variables are expressed 
as percentages. The differences between groups were com
pared by either the Student’s t-test or analysis of variance 
(ANOVA). Spearman correlation coefficients were calcu
lated to test the correlations between urinary markers and 
both ACR and eGFR as dependent variables. In multiple 
linear regression analysis, both ACR and eGFR were 
considered as dependent variables and excretion of urinary 
markers as independent variables. The different combina
tion of confounding factors of kidney disease, including 
sex, age, duration of diabetes, FBG, hypertension, hyper
lipidemia and ACR/eGFR, were used to build several 

models to adjust. A p<0.05 was considered statistically 
significant.

Results
Table 1 compares data for clinical and biochemical char
acteristics of study participants, classified according to the 
different diagnostic criteria for kidney diseases. Patients’ 
age and duration of diabetes were similar in all groups, 
while total cholesterol and SBP were significantly differ
ent between groups. The classification according to the 
KDIGO and albuminuria showed difference between 
groups in the glycemic parameters: FBG and HbA1c. 
The urinary biomarkers, such as total protein/Cr, KIM-1/ 
Cr, RBP/Cr, MCP-1/Cr and NGAL/Cr were increased with 
severity of DKD in each classification, except for KIM-1/ 
Cr in the classification according to the progression of 
albuminuria. In KDIGO classification, transferrinuria was 
much less in the low-risk group, while a five-fold increase 
was found in the moderately increased group and it gra
dually increased with severity of disease. A similar trend 
was also shown in the classification according to albumi
nuria. However, in the KDIGO classification, the urinary 
KIM-1 was increased in the high-risk group when com
pared to the moderately increased risk group, although it 
was decreased in the very high-risk group. Likewise, in 
albuminuria classification, KIM-1 level elevated in the 
patients with microalbuminuria, and the level declined 
with the disease progression.

Table 2 shows the correlation analysis of eGFR and 
ACR with different urinary markers. The urinary markers, 
total protein/Cr, KIM-1/Cr, transferrin/Cr, RBP/Cr, MCP- 
1/Cr and NGAL/Cr expressed a significant negative corre
lation with eGFR. The correlation of urinary markers with 
ACR was also statistically significant, except for KIM- 
1/Cr.

Multiple linear regression analysis of urinary markers 
with eGFR as dependent variable is shown in Table 3. The 
urinary markers, total protein/Cr (p=0.001), RBP/Cr 
(p=0.007), MCP-1/Cr (p=0.023) and NGAL/Cr (p=0.011) 
were associated with eGFR after adjusting for risk factors 
for diabetic nephropathy and albuminuria. The transferrin/ 
Cr also showed an association with eGFR after adjusting 
for the risk factors of kidney disease, includes age, sex, 
duration of diabetes, but it was no longer significant after 
adjusting for FBG, hypertension, hyperlipidemia and albu
minuria. Although the urinary marker KIM-1/Cr showed 
a significant association with eGFR in the crude model, it 
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was not significant after adjusting for confounding factors 
of DKD and albuminuria.

Further, these urinary markers were analyzed with 
ACR as dependent variable in multiple linear regression 
analysis (Table 4). All the urinary markers, total protein/Cr 
(p<0.001), transferrin/Cr (p<0.001), RBP/Cr (p<0.001), 
MCP-1/Cr (p<0.001) and NGAL/Cr (p=0.002), except 
KIM-1/Cr (p=0.572), showed an association with ACR 
after adjusting for confounding factors of DKD and eGFR.

Discussion
In the present study, urinary markers, total protein/Cr, 
RBP/Cr, MCP-1/Cr and NGAL/Cr were independently 
associated with eGFR and albuminuria in patients with 
DKD. The urinary marker transferrin showed significant 
association with albuminuria, while it was not associated 
with eGFR after adjusting for albuminuria. The urinary 
KIM-1 was not found to be associated with either eGFR or 
albuminuria.

In general, the major causes of excessive protein excre
tion may be due to glomerular hyperfiltration accompanied 
by inadequate tubular absorption or overflow and/or 

Table 2 Correlation of Demographic, Clinical, Biochemical and 
Urinary Markers with eGFR and ACR in Type 2 Diabetic Patients

eGFR ACR

r p r p

Age, years −0.088 0.236 0.078 0.295
Sex, male −0.166 0.024 −0.049 0.506

BMI, kg/m2 −0.174 0.019 0.029 0.696

Duration of diabetes, years −0.097 0.190 0.168 0.023
SBP, mmHg −0.308 <0.001 0.339 <0.001

DBP, mmHg −0.003 0.966 0.005 0.948

FBG, mg/dL −0.098 0.192 0.334 <0.001
HbA1c, % −0.071 0.337 0.275 <0.001

ACR, mg/g −0.616 <0.001 – –

eGFR, mL/min/1.73 m2 – – −0.616 <0.001
Total protein/Cr, mg/g −0.504 <0.001 0.779 <0.001

Transferrin/Cr, µg/g −0.408 <0.001 0.679 <0.001

RBP/Cr, µg/g −0.348 <0.001 0.492 <0.001
NGAL/Cr µg/g −0.328 <0.001 0.392 <0.001

KIM-1/Cr, µg/g −0.198 0.007 0.012 0.867

MCP-1/Cr, µg/g −0.281 <0.001 0.394 <0.001

Note: p < 0.05 was considered significant. 
Abbreviations: eGFR, estimated glomerular filtration rate; ACR, albumin-to- 
creatinine ratio; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; FBG, fasting blood glucose; HbA1c, hemoglobin A1c; total protein/ 
Cr, total protein-to-creatinine ratio; transferrin/Cr, transferrin-to-creatinine ratio; 
RBP/Cr, retinol-binding protein-to-creatinine ratio; NGAL/Cr, neutrophil gelatinase- 
associated lipocalin-to-creatinine ratio; KIM-1/Cr, kidney injury molecule 1-to- 
creatinine ratio; MCP-1/Cr, monocyte chemoattractant protein 1-to-creatinine 
ratio; r, coefficients of correlation.
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increased tubular secretion. In diabetes, the transit of the 
proteins through the glomerular filtration barrier might be 
increased by several factors, such as hemodynamic pres
sure gradient over the glomerular basement membrane, 
pore size of filtration barrier, and anionic charge. Some 
renal structural abnormalities, including increased base
ment membrane thickening and mesangial expansion, 
may restrict the capillary filtration area of glomeruli and 
lead to excessive protein excretion.19 Proteinuria is an 
indicator of kidney diseases in diabetes, which reflects 
glomerular dysfunction. Total protein/Cr was reported to 
be significantly correlated with ACR and considered as 
a diagnostic marker for nephropathy in patients with type 
2 diabetes.20,21 RBP is a low molecular weight protein, 
identified as a biomarker of proximal tubular dysfunction, 
filtered freely through glomeruli and completely reab
sorbed in the proximal tubule.22 In previous studies, urin
ary RBP level was reported to be increased with 
progression of albuminuria, showing a threshold for the 
increase in RBP with eGFR and proteinuria.9,23 NGAL is 
a protein that belongs to the lipocalin protein family, 
mainly released by neutrophils and epithelial cell types, 
such as kidney tubular cells, which rapidly increases in 

renal failure.24 NGAL increased with urinary albumin 
excretion and showed an inverse relation with eGFR in 
patients with type 2 diabetes.10,25 MCP-1 is a chemokine 
family protein, influence macrophage accumulation, and is 
highly expressed in the diabetic glomerular and tubular 
epithelium.26,27 The increased urinary levels of MCP-1 is 
an indicator for the progression of albuminuria and linked 
to renal damage, as reflected by albumin excretion and 
eGFR level.28,29 In this study, an extensive increase in 
these markers in the advanced stage (very high risk/macro
albuminuria group) indicated that these markers are more 
expressed in the stage of progressive glomerular/tubular 
structural and functional impairment. In addition, the urin
ary markers, total protein/Cr, RBP/Cr, MCP-1/Cr and 
NGAL/Cr were associated with eGFR and albuminuria 
even after adjusting for risk factors of DKD.

Transferrin is a glomerular marker and is found to sig
nificantly increase with progression of glomerular diffuse 
lesions. In general, transferrin is less anionic than albumin, 
with an isoelectric point one unit higher; therefore, it is 
expected to be excreted before the development of micro
albuminuria in the initial stage of kidney diseases.7 In the 
advanced stages of kidney damage, transferrin is readily 

Table 3 Multiple Linear Regression Analysis of Urinary Markers with eGFR as Dependent Variable

Model Total Protein/Cr Transferrin/Cr RBP/Cr NGAL/Cr KIM-1/Cr MCP-1/Cr

Standard β p Standard β p Standard β p Standard β p Standard β p Standard β p

1 −0.585 <0.001 −0.416 <0.001 −0.456 <0.001 −0.424 <0.001 −0.180 0.016 −0.442 <0.001

2 −0.568 <0.001 −0.413 <0.001 −0.451 <0.001 −0.420 <0.001 −0.152 0.057 −0.443 <0.001

3 −0.558 <0.001 −0.409 <0.001 −0.439 <0.001 −0.409 <0.001 −0.184 0.020 −0.429 <0.001

4 −0.332 0.001 0.011 0.885 −0.176 0.007 −0.165 0.011 −0.088 0.154 −0.150 0.023

Notes: Logarithm-transformed values of eGFR, ACR and urinary markers were used for analysis. Model 1, crude. Model 2, adjusted for age, sex, and duration of diabetes. Model 3, adjusted for age, sex, 
duration of diabetes, FBG, hypertension, hyperlipidemia. Model 4, adjusted for age, sex, duration of diabetes, FBG, hypertension, hyperlipidemia, ACR. Values of p < 0.05 were considered significant. 
Abbreviations: RBP/Cr, retinol-binding protein-to-creatinine ratio; NGAL/Cr, neutrophil gelatinase-associated lipocalin-to-creatinine ratio; KIM-1/Cr, kidney injury 
molecule 1-to-creatinine ratio; MCP-1/Cr, monocyte chemoattractant protein 1-to-creatinine ratio; Total protein/Cr; total protein-to-creatinine ratio; transferrin/Cr 
transferrin-to-creatinine ratio.

Table 4 Multiple Linear Regression Analysis of Urinary Markers with ACR as Dependent Variable

Model Total Protein/Cr Transferrin/Cr RBP/Cr NGAL/Cr KIM-1/Cr MCP-1/Cr

Standard β p Standard β p Standard β p Standard β p Standard β p Standard β p

1 0.767 <0.001 0.670 <0.001 0.468 <0.001 0.407 <0.001 0.067 0.376 0.483 <0.001

2 0.766 <0.001 0.673 <0.001 0.492 <0.001 0.446 <0.001 0.082 0.305 0.508 <0.001

3 0.702 <0.001 0.609 <0.001 0.442 <0.001 0.401 <0.001 0.143 0.055 0.463 <0.001

4 0.606 <0.001 0.427 <0.001 0.218 <0.001 0.184 0.002 0.033 0.572 0.252 <0.001

Notes: Logarithm-transformed values of ACR, eGFR, and urinary markers were used for analysis. Model 2, adjusted for age, gender, and duration of diabetes. Model 3, 
adjusted for age, gender, duration of diabetes, FBG, hypertension, hyperlipidemia. Model 4, adjusted for age, gender, duration of diabetes, FBG, hypertension, hyperlipidemia, 
eGFR. Values of p < 0.05 were considered significant. 
Abbreviations: RBP/Cr, retinol-binding protein-to-creatinine ratio; NGAL/Cr, neutrophil gelatinase-associated lipocalin-to-creatinine ratio; KIM-1/Cr, kidney injury 
molecule 1-to-creatinine ratio; MCP-1/Cr, monocyte chemoattractant protein 1-to-creatinine ratio; Total protein/Cr; total protein-to-creatinine ratio; transferrin/Cr, 
transferrin-to-creatinine ratio.
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filtered through the glomerular barrier along with albumin 
and increased transferrin excretion is an indicator of 
decreased tubular reabsorption. In this study, according to 
the KDIGO classification, transferrinuria showed a five-fold 
increase in the moderately increased risk group, where albu
min excretion increased, while the decline in the eGFR was 
not extended to a progressive kidney disease stage. Similarly, 
in the classification according to albuminuria, transferrinuria 
increased with albumin excretion. This suggests that trans
ferrinuria mainly depends on changes in glomerular perme
ability than the glomerular function in patients having 
uncontrolled diabetes. In a previous study, urinary transferrin 
significantly increased with severity of diabetic nephropathy 
and showed a significant correlation with albuminuria.8 

Consistently, this study also showed an increase in the level 
of transferrin with progression of renal damage and observed 
a significant association with albuminuria, while the associa
tion of transferrin with eGFR was no longer significant after 
adjusting for ACR.

Kidney injury molecule-1 (KIM-1) is a transmembrane 
protein, expressed in proximal tubular cells. In normal 
kidneys, urinary KIM-1 levels are found at very low 
levels; however, its levels are upregulated in kidney 
injury.30 In this study, according to the KDIGO classifica
tion, urinary KIM-1 was increased in the high-risk group, 
where both ACR and eGFR extended to the progressive 
diseased state when compared to the moderately increased 
risk group. However, KIM-1 level was decreased in the 
very high-risk group. Moreover, in albuminuria classifica
tion, KIM-1 level increased in the patients with microal
buminuria and the level declined once the disease 
progressed. In uncontrolled diabetic participants with 
longer duration of diabetes, active tubular dysfunction 
was more prominent in the high-risk/microalbuminuria 
group, where more expression of KIM-1 was noticed. 
Timmeren et al reported the expression of urinary KIM-1 
in actively damaged renal tubules but no expression was 
found in atrophic and fibrotic areas.31 In addition, 
a subsequent reduction in the KIM-1 expression was 
observed with advancement of fibrosis development as 
well as tubular atrophy throughout the progression of 
albuminuria. Similarly, a gradual decrease of urinary 
KIM-1 with the advancement of CKD was reported in 
patients with type 2 diabetes.11 Furthermore, this study 
showed an association of KIM-1 levels with albuminuria 
and eGFR was not significant after adjusting for confound
ing factors.

The study limitation includes, (1) We have not assessed 
patients with shorter duration of diabetes, as most of the 
patients in this study had diabetes for 10 years or more, 
this did not allow us to report on the changes that occur at 
early stages of diabetes. (2) The cross-sectional design of 
this study did not allow for longitudinal follow up to 
assess the changes in this biomarker with changes in 
kidney disease. (3) The interference of medications on 
urinary markers was not ruled out.

Conclusions
The urinary levels of total protein/Cr, transferrin/Cr, RBP/ 
Cr, MCP-1/Cr and NGAL/Cr were elevated in patients 
with T2DM and renal impairment, with a positive correla
tion with progressive glomerular/tubular structural and 
functional impairment. However, KIM-1 was not elevated 
with advanced kidney disease. Furthermore, total protein/ 
Cr, RBP/Cr, MCP-1/Cr and NGAL/Cr were associated 
with eGFR and albuminuria even after adjusting for risk 
factors of DKD. This reveals the usefulness of these mar
kers in assessing the severity of kidney disease in patients 
with diabetes.
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