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Abstract: Proteinuria and serum creatinine are commonly employed biomarkers for monitoring the advancement of diabetic 
nephropathy, but they may not comprehensively capture all types of lesions and are indicative of declining glomerular filtration 
rate only in the later stages. Recent research has identified biomarkers reflecting different aspects of diabetic kidney disease 
(DKD) that can provide information on the risk of DKD progression and associated poor prognosis. This review outlines several 
biomarkers, such as renal injury molecule-1, Neutrophil gelatinase-associated lipocalin, heat shock protein 72, soluble urokinase 
plasminogen activator receptor, angiopoetin-Like protein-4, monocyte chemoattractant protein-1, and liver-type fatty acid-
binding protein. The research revealed that, following adjustingments for serum creatinine or estimated glomerular filtration rate 
and proteinuria, the concentrations of plasma and urine biomarkers remained elevated in individuals with diabetic kidney disease 
and were additionally correlated with the progression of DKD. These new biomarkers represent different biological pathways 
such as tubular injury, glomerular injury, tubular dysfunction, and inflammation, and can be used as liquid biopsies to better 
characterize the disease of diabetic nephropathy. Novel blood and urine biomarkers improve clinicians' ability to assess the 
prognosis of DKD progression and may improve understanding of the pathophysiology of DKD. However, for preclinical 
biomarkers associated with DKD outcomes, there was considerable heterogeneity between study cohorts and designs, limiting 
the comparison of prognostic performance between different studies. Larger clinical studies are needed to determine how these 
biomarkers could be used in the clinic to improve the clinical management of DKD. 
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1. Introduction 
Chronic kidney disease (CKD) is a general term for chronic 

kidney structure and function changes caused by various 
causes. Diabetes cause kidney damage called DKD, the 
definition of chronic kidney disease (CKD) is limited to the 
late, > 50% of the function has been damaged by the kidney 
damage, mainly contains UACR acuity 30 mg/g and/or 
estimated glomerular filtration rate (estimated glomerular 
filtration rate, eGFR) < 60mlꞏmin-1ꞏ1.73m-2 and lasting more 
than 3 months. Lesions can accumulate in the whole kidney 
(glomeruli, renal tubules, renal interstitial and renal vessels, 
etc.), and 20%-40% of diabetic patients will eventually 
develop diabetic nephropathy and may develop end-stage 
renal disease (ESRD). Progression of DKD to ESKD 
significantly increases the risk of adverse events including 
death, and requires dialysis or kidney transplantation to 
further maintain quality of life [1]. In addition, in patients 
with type 1 or type 2 diabetes, the presence of chronic kidney 
disease significantly increases cardiovascular and 
cerebrovascular risk and medical costs [2]. Now, our 
understanding of DKD is not just limited to "kidney failure," 
it is inherently multifactorial and goes through a number of 
different processes, starting with stimulators that cause cell 
damage, triggering inflammatory responses due to cell 
damage, oxidative stress, and mitochondrial dysfunction. 
Macrophage and lymphocyte aggregation and cytokine 
secretion lead to inappropriate tissue repair, and as this 
process continues, healthy glomeruli experience 
compensatory hyperfiltration, leading to increased 
glomerular permeability and activation of the renin-
angiotensin system, ultimately leading to renal interstitial 

fibrosis[3]. In clinical practice, the presence of renal 
interstitial fibrosis can usually only be determined by kidney 
biopsy, but due to its invasive nature and cost, clinicians and 
patients rarely choose it as a method for further assessment of 
kidney function. 

2. Current Biomarkers in Clinical 
Practice 

The treatment of DKD focuses on early intervention and 
integrated management to reduce proteinuria, delay eGFR 
decline, and improve adverse renal outcomes (such as ESRD, 
nephro-related death, etc.). Currently, according to the 
Fondation Kidney Disease Improving Global Outcomes 
(KIDIGO) guidelines, proteinuria and eGFR are used as 
laboratory biomarkers to assess the risk of progression to 
DKD, in addition to clinical variables such as patient 
demographic data and comorbiditis[4]. 

Proteinuria is the earliest and most classic biomarker 
clinically used to detect kidney function; however, only 
extensive assessment of proteinuria can identify patients with 
early DKD and enable rapid implementation of interventions. 
Given this evidence, it is particularly important to diagnose 
DKD early, before irreversible kidney damage occurs. 
Treatment based on angiotensin-converting enzyme 
inhibitors and angiotensin receptor blockers may prevent the 
onset and progression of kidney disease in patients with 
T2DM and/or DKD. Yet, in spite of all this medications are 
widely used and the incidence of DKD continues to rise, 
reflecting the need to consider other strategies to prevent its 
development and progression before irreversible changes 
occur[5].With regard to eGFR, although serum creatinine 
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values are often measured during blood biochemical tests, 
DKD cannot be definitively diagnosed when eGFR > 
60mL/min/1.73m2, in more than 50,000 patients who meet the 
diagnostic criteria for DKD (eGFR<60mL/min/1.73m2) , at 
least three months before and after the two tests, only 23% 
were diagnosed with DKD[6]. 

These two indicators, especially proteinuria, are not often 
evaluated in daily clinical practice even in patients with 
diabetes (less frequently than recommended by clinical 
guidelines), and their occurrence often indicates the presence 
of kidney damage, in addition to the fact that nephrotoxic 
drug use is more common in patients with DKD who have not 
been diagnosed with DKD. Therefore, it is inaccurate to assert 
albuminuria as a surrogate marker for kidney disease 
progression, as it still has uncertainties in predicting 
disease[7]. 

3. Novel Biomarkers 
Urinary protein, eGFR, and serum creatinine, which are the 

most commonly used indicators of kidney function and injury, 
have some limitations. Although known risk factors for the 
progression of DKD, such as serum creatinine levels in 
proteinuria, have been taken into account, these indicators 
still vary widely in assessing clinical risk in patients with 
DKD. Therefore, more sensitive and specific biological 
indicators are needed to gain a more detailed understanding 
of the risk in the development and progression of DKD. The 
new DKD biomarker can help identify diabetic patients with 
normal urinary protein, eGFR and serum creatinine, but are 
developing structural and functional damage to the kidney, 
inflammation, early treatment, effectively delay the 
progression of kidney disease, and effectively reduce 
unnecessary invasive tests, such as kidney biopsy. 

3.1. Kidney Injury Molecule-1 (KIM-1) 
Kidney injury molecule-1(KIM-1) is a transmembrane 

glycoprotein expressed on the apical membrane of proximal 
renal tubule cells and mediates the absorption of apoptotic 
cells and oxidized lipids. KIM-1 is expressed at a low level in 
normal kidneys and other organs, but its expression in 
proximal tubule cells after renal ischemia/reperfusion injury 
is significantly up-regulated[8]. In rodent models, 
conditioned expression of KIM-1 in renal epithelial cells 
leads to progressive interstitial kidney inflammation and 
fibrosis and is therefore thought to have an adverse effect on 
DKD [9]. Studies have shown that KIM-1-mediated palmitic 
acid (PA) binding to the proximal tubular albumin uptake 
leads to DNA damage, proximal tubular cell cycle arrest, 
interstitial inflammation and fibrosis, and secondary 
glomerulosclerosis that enhances tubular damage. In addition, 
they performed kidney biopsies on 7 DKD patients and 5 non-
DKD patients, and found tubulointerstitial inflammation and 
fibrosis and glomerulosclerosis in DKD patients. KIM-1 was 
expressed in proximal renal tubules in DKD patients through 
immunocytochemistry. It is specifically expressed in 
proximal renal tubules surrounded by α-smooth muscle actin 
+ (αSMA+) myoblasts and CD3+ lymphocytes [10]. 
Schrauben et al. [11] conducted a multicenter, prospective, 
observational cohort study on 894 diabetic patients with 
chronic renal dysfunction. Even after adjusting for possible 
influencing factors such as age, gender, BP, BMI, and 
smoking, found that the higher the plasma KIM-1 
concentration, the greater the risk of DKD progression. 
Hazard ratio (HR) was 1.26 (95%CI: 1.14-1.40;) And higher 

plasma KIM-1 concentration was significantly associated 
with the annual eGFR decline rate (ml/min/1.73m2). 
GulnazBano et al. [12] conducted a cross-sectional study on 
135 patients with type 2 diabetes, who were divided into 
normal albuminuria group (UACR < 30mg/g), 
microalbuminuria group (UACR 30-300mg/g) and 
macroalbuminuria group (UACR > 300mg/g). The study also 
observed that, after adjusting for age, BMI, duration of T2DM, 
glycosylated hemoglobin, and serum creatinine, the 
prevalence of DKD (PR) increased on a logarithmic scale 
with an increase in KIM-1 per unit (PR: 1.25; 95% CI: 1.14-
1.38; p < 0.001).Therefore, KIM-1 is likely to play an 
important role in detecting early tubular injury and assessing 
the progression of chronic kidney disease in diabetic patients. 

3.2. Neutrophil Gelatinase-Associated 
Lipocalin (NGAL) 

Neutrophil-gelatase-associated lipocalin (NGAL) is a 
25kda protein that mediates epidermal growth factor receptor 
(EGFR) signaling in chronic kidney disease. Its activation 
stimulates hypoxia-inducing factor (HIF-1α), which 
ultimately promotes proliferation, cytogenesis, kidney 
damage, and CKD progression [13]. Concentrations of 
NGAL can be measured in plasma, urine, and biological 
fluids such as peritoneal effluents. NGAL has been proven to 
be an effective biomarker for the diagnosis of acute kidney 
injury (AKI) [14]. Because elevated NGAL levels in diabetic 
nephropathy occur in the early stages of kidney injury, NGAL 
can be a predictor of renal failure even in patients with normal 
proteinuria [15].In addition, NGAL is also a circulatory 
biomarker strongly associated with hyperglycemia, insulin 
resistance, and obesity[16].In a cross-sectional study of 209 
T2DM patients with normal urinary albumin and a diabetes 
course of more than 5 years, NGAL levels were elevated and 
weakly but significantly associated with eGFR (r = -0.291, p 
= 0.001) in patients with renal insufficiency with normal 
urinary albumin. This may be due to tubular damage caused 
by inflammation and oxidative stress responses, and urinary 
NGAL has sufficient diagnostic accuracy for eGFR in T2DM 
patients under the ROC curve (sensitivity: 0.591; Specificity: 
0.545; AUC: 0.723) [17]. In a case-control study, 84 patients 
with type 2 diabetes and 21 healthy, non-obese patients were 
selected to assess the correlation between plasma NGAL and 
urine NGAL for DKD using appropriate covariate-adjusted 
linear regression analysis and receiver operating 
characteristics (ROC) curves. Both plasma NGAL and urine 
NGAL were found to be good differentiators between patients 
with DKD (whether early or late) and those with good renal 
function, and it appears that plasma NGAL is more reliable 
than urine NGAL in identifying T2D-induced kidney injury 
[18]. Tang et al. [19] conducted a stratified analysis and 
regression analysis, which included 14 studies involving 1561 
individuals, including 1204 cross-sectional participants and 
357 cohort participants. In cross-sectional studies, the 
combined sensitivity and specificity of NGAL for the 
diagnosis of DKD were 0.82(95% confidence interval 
(CI):0.75-0.87) and 0.81(95%CI:0.68-0.90), respectively. 
Urinary NGAL has an acceptable diagnostic accuracy in 
patients with diabetes, with an AUC of 0.88(95%CI:0.84-0.90) 
in cross-sectional studies. In the cohort study, the AUC was 
0.98, which is of high diagnostic value. However, it has also 
been noted that urinary NGAL as a simple biomarker of 
tubular injury may not be able to detect chronic kidney 
disease with low levels of active tubulointerstitial injury or 



 

25 

inflammation in the glomeruli due to its limitations. 

3.3. Heat Shock Protein 72(HSP72) 
The primary role of the heat shock protein family is to 

protect cells and promote the restoration of damaged 
metabolic pathways. Some heat shock proteins are known to 
be constitutively expressed and have important roles in 
cellular functions, including controlling protein transport in 
the cytoplasm and across cell membranes, more recently 
facilitating the folding of synthetic proteins, and assisting in 
the assembly of large protein complexes. In contrast to the 
classical anti-inflammatory and protective effects of 
intracellular heat shock protein (iHSP), eHSP is thought to 
have pro-inflammatory effects, especially in age-related 
chronic diseases [20].Heat shock protein 72 (HSP72) is 
released in response to stressor exposure and effectively 
activates the inflammasome [21]. El-Horany et al. [22] 
conducted a study on 45 T2DM patients and found that 
uHSP72 level was significantly increased in the diabetic 
group compared with the healthy control group, with the 
highest average value in the macroproteinuria group. In 
addition, under the ROC curve, uHSP72 had a sensitivity of 
90% and specificity of 87% for distinguishing between 
T2DM and DN patients, and the optimal cut-off point was 
24.9pg/mL. A cross-sectional study of 160 patients with type 
2 diabetes showed that plasma eHSP72 levels were elevated 
in patients with DKD, and, in the presence of proteinuria, 
eHSP72 increased dramatically. In addition, plasma eHSP72 
level was significantly positively correlated with IL-1β level 
and negatively correlated with eGFR [23]. Therefore, HSP72 
can be used as a noninvasive diagnostic biomarker for early 
DKD without microalbuminuria, and may be a good indicator 
of the progression of diabetic kidney injury. However, the 
current research on HSP72 in the direction of diabetic 
nephropathy is not perfect, in order to improve the accuracy 
of its diagnosis, further randomized and larger sample 
prospective studies are needed to support. 

3.4. Soluble Urokinase Plasminogen Activator 
Receptor(suPAR) 

Soluble urokinase plasminogen activator receptor (suPAR) 
is a signaling glycoprotein expressed in podocytes, 
endothelial cells and immature bone marrow cells. After 
activation, it is broken down into uPAR (urokinase 
plasminogen activator receptor), which is released into the 
blood circulation in a soluble state and acts as a circulatory 
factor. Activation of capsular β3 integrin leads to glomerular 
podocyte shedding and proteinuria [24]. Experiments have 
shown that blocking uPAR pathway can improve diabetic 
kidney lesions in rats [25]. One study showed that higher 
suPAR levels were an important and independent risk marker 
for eGFR decline, cardiovascular events, and mortality in 
patients with diabetes, and that the incidence of ESRD was 
significantly associated in participants with the highest 
quartile of plasma suPAR [26]. And suPAR is closely related 
to inflammation in different disease states [27]. Schrauben et 
al. [11] conducted a cohort study and found that a higher 
plasma suPAR level was associated with an increased risk of 
progression to DKD, even after adjusting for possible 
influencing factors such as age, sex, blood pressure, BMI, 
baseline eGFR, UPCR, etc. Hazard ratio (HR) was 1.40 
(95%CI: 1.14-1.72;) . One study showed that serum suPAR 
levels were elevated in patients with DKD, and that suPAR 
levels were higher but comparable in patients with 

microalbuminuria or macroalbuminuria DKD compared to 
patients with normal albuminuria and diabetes. In addition, 
DKD patients with elevated suPAR levels compared to 
normal albumin at baseline also had normal GFR, and suPAR 
levels were significantly associated with annual changes in 
GFR(r2=-0.439,p<0.01)[28]. 

3.5. Angiopoetin-Like Protein-4 (ANGPTL-4) 
Angiopoietin-like proteins are a class of secreted proteins 

that play an important role in energy metabolism. ANGPTL-
4 is a 50kDa protein. An in vitro study found that ANGPTL-
4 expression was significantly increased in glomerular cells 
stimulated by high glucose [29],and AngPTL-4 expression in 
podocytes was associated with increased proteinuria, 
suggesting that angPTL-4 plays a role in dominant proteinuria 
in glomerular disease [30]. The current study found that 
patients with DKD with macroalbuminuria had significantly 
higher urine ANGPTL-4 levels than those with 
microalbuminuria. A cross-sectional study of 135 patients 
with type 2 diabetes found that urine angTPL-4 
concentrations were elevated in patients with heavy 
proteinuria and increased with worsening kidney function, 
even after adjustment for potential confounders including 
T2DM duration, HbA1c, BUN, and eGFR. It was still found 
that ANGPTL-4 was significantly and generally elevated in 
diabetic nephropathy, and this study also showed that AUC 
from microalbuminuria group to macroalbuminuria group 
was also increased, and the best performance was in 
macroalbuminuria group, with a specificity of 97.8% [31].In 
addition, some studies have found that uANGPTL-4 is also 
correlated with HbA1c, FPG and BUN [32]. Therefore, 
ANGPTL-4 may be a new marker for the diagnosis and 
treatment of DKD as a marker of glomerular podocellular 
injury. 

3.6. Monocyte Chemoattractant Protein-
1(MCP-1) 

Monocyte chemotactic protein-1 (MCP-1), also known as 
chemokine ligand 2 (CCL2), belongs to a broad family of 
chemokines and is an important mediator of innate immunity 
and tissue inflammation. After binding to its receptor, MCP-
1 can induce homing, migration, activation, differentiation, 
and development of lymphocytes and NK cells, while 
promoting infiltration of monocytes and macrophages, 
thereby promoting inflammation associated with kidney 
disease [33]. ZZTo date, studies of MCP-1 in kidney disease 
have focused on urine, rather than plasma or serum MCP-1 
concentrations. Chen et al. [34] found that in the fully 
corrected model, the risk of renal function decline was 2.18 
times higher in the highest quartile of MCP-1 than in the 
lowest quartile, and in addition, patients in the highest quartile 
of uMCP-1 had the highest mortality. In a cross-sectional 
study of 185 diabetic patients, MCP-1 was independently 
associated with eGFR (MCP-1/Cr, p=0.023) and albuminuria 
(MCP-1/Cr, p<0.001) in diabetic patients, even after 
adjusting for risk factors for DKD [35]. In the early stages of 
diabetes, a study of 75 patients with type 2 diabetes showed 
that compared with diabetic patients and control subjects with 
normal albuminuria, Significantly elevated uMCP-1 levels 
were found in diabetic patients with macroalbuminuria 
(p<0.001) and microalbuminuria (p<0.001), and uMCP-1 was 
positively correlated with urinary albumin/creatinine ratio 
(r=0.968, p<0.001). In addition, ROC curves showed that, 
The critical value of uMCP-1 was 110pg/mg, the sensitivity 
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was 92%, and the specificity was 100%[36]. In addition, other 
studies have detected MCP-1 mrna in peripheral blood of 
diabetic nephropathy patients, and found that the prediction 
accuracy of MCP-1 mrna for dominant DN was 0.66 (95%CI: 
0.55-0.77), while the prediction accuracy of McP-1 mrna for 
early DN was 0.61 (95%CI: 0.51-0.71) [37]. Therefore, MCP-
1 may be considered as a new potential diagnostic biomarker 
for the early detection of diabetic nephropathy. 

3.7. Liver-Type Fatty Acid-Binding Protein(L-
FABP) 

Liver fatty acid binding protein (L-FABP) is an 
intracellular fatty acid carrier protein, which is expressed in 
liver, small intestine, kidney and other tissues. Under normal 
circumstances, albumin is absorbed by proximal tubules after 
glomerular filtration and attached to free fatty acids (FFAs). 
After reabsorption, the albumin in the cytoplasm transfers FA 
to L-FABP and enters the lysosome, and the L-FABP attached 
to the FA is transferred to the peroxidase in the cytoplasm to 
realize the role of protecting the kidney [38]. In patients with 
DKD, fatty acids overload proximal tubules and a large 
amount of proteinuria is found. It has been reported that 
urinary L-FABP is a potential biomarker of acute kidney 
injury caused by various factors [39]. Urinary L-FABP level 
can accurately reflect the degree of renal tubulointerstitial 
injury and is significantly correlated with the prognosis and 
progression of CKD. This study also found that urinary L-
FABP level in patients with normal albuminuria is higher than 
that in patients with microalbuminuria regardless of the type 
of diabetes [40]. Yang[41] et al. found that L-FABP 
expression was significantly increased after intermittent 
fasting in diabetic nephropathy patients diagnosed by kidney 
biopsy. In a cross-section study of 106 patients with type 2 
diabetes and 30 patients without diabetes, latex-enhanced 
immunoturbidimetry was used to measure L-FABP and found 
a significant negative correlation between urinary L-FABP 
levels and eGFR (r=-0.606, p<0.001). Urinary L-FABP level 
in the normoalbuminuria diabetes group was significantly 
higher than that in the non-diabetic control group (P<0.001). 
In addition, ROC curve analysis showed that AUCL-FABP 
was significantly higher in both diabetic and 
normoalbuminuria diabetes patients than AUCACR (p<0.001) 
[42]. Therefore, hyperuria L-FABP can act as a strong and 
independent predictor of DKD progression. 

4. Conclusion 
The limitations of urinary protein and eGFR as predictors 

of further renal function development in diabetic patients 
have been widely described. The discovery of novel 
biomarkers holds considerable promise, which also provides 
an opportunity to assess kidney function more 
comprehensively. However, there are some challenges. First, 
although a large number of current studies have reported the 
existence of potential novel biomarkers to further predict 
renal outcomes in patients with diabetes, they have only 
slightly improved the accuracy of diagnosis. In addition, this 
will increase the financial burden on patients, although the 
detection of DKD can theoretically prevent kidney failure, it 
may not change the management of patients' disease. Second, 
although these new biomarkers have been discovered, in 
addition to the clear diagnosis may require the combination 
of multiple markers analysis, there are still difficulties in 
sampling, insufficient data, and difficult to further implement 

in clinical practice. Finally, the "labeling" of DKD patients 
may have an impact on health insurance and jobs.  

While waiting for further development in this field, 
clinicians should also focus on blood pressure, blood sugar 
control, and measures to treat dyslipidemia to further slow the 
rate of disease progression, as they can improve the accuracy 
of DKD predictions. In addition, consensus on sample 
collection, processing, and analysis methods is needed to 
overcome the difficulty of copying samples. The broader 
practice will provide new insights into disease patterns, which 
will also facilitate diagnostic assessment on the clinical front 
line and improve patient outcomes. While further research 
and improvements are needed, new biomarkers for the kidney 
are critical for chronic diseases such as diabetes. 

References 
[1] ElSayed NA, Aleppo G, Aroda VR, et al. 11. Chronic Kidney 

Disease and Risk Management: Standards of Care in Diabetes-
2023. Diabetes Care. 2023;46(Suppl 1):S191-S202. doi:10. 
2337/ dc23-S011. 

[2] Holm J, Vanky F, Svedjeholm R. Association of Glutamate 
Infusion With Risk of Acute Kidney Injury After Coronary 
Artery Bypass Surgery: A Pooled Analysis of 2 Randomized 
Clinical Trials. JAMA Netw Open. 2024;7(1):e2351743. 
Published 2024 Jan 2. doi:10.1001/ jamanetworkopen. 
2023.51743. 

[3] Ruiz-Ortega M, Rayego-Mateos S, Lamas S, Ortiz A, 
Rodrigues-Diez RR. Targeting the progression of chronic 
kidney disease. Nat Rev Nephrol. 2020;16(5):269-288. doi: 
10.1038/s41581-019-0248-y. 

[4] Andrassy KM. Comments on 'KDIGO 2012 Clinical Practice 
Guideline for the Evaluation and Management of Chronic 
Kidney Disease'. Kidney Int. 2013;84(3):622-623. doi:10. 
1038/ ki.2013.243. 

[5] Ruilope LM, Ortiz A, Lucia A, et al. Prevention of cardiorenal 
damage: importance of albuminuria. Eur Heart J. 2023;44 
(13):1112-1123. doi:10.1093/eurheartj/ehac683. 

[6] Melsom T, Solbu MD, Schei J, et al. Mild Albuminuria Is a 
Risk Factor for Faster GFR Decline in the Nondiabetic 
Population. Kidney Int Rep. 2018;3(4):817-824. Published 
2018 Feb 8. doi:10.1016/j.ekir.2018.01.015.  

[7] Thipsawat S. Early detection of diabetic nephropathy in patient 
with type 2 diabetes mellitus: A review of the literature. Diab 
Vasc Dis Res. 2021;18(6):14791641211058856. doi:10.1177/ 
14791641211058856.  

[8] Han WK, Bailly V, Abichandani R, Thadhani R, Bonventre JV. 
Kidney Injury Molecule-1 (KIM-1): a novel biomarker for 
human renal proximal tubule injury. Kidney Int. 2002;62 
(1):237-244. doi:10.1046/j.1523-1755.2002.00433.x.  

[9] Humphreys BD, Xu F, Sabbisetti V, et al. Chronic epithelial 
kidney injury molecule-1 expression causes murine kidney 
fibrosis. J Clin Invest. 2013;123(9):4023-4035. doi:10.1172/ 
JCI45361. 

[10] Mori Y, Ajay AK, Chang JH, et al. KIM-1 mediates fatty acid 
uptake by renal tubular cells to promote progressive diabetic 
kidney disease. Cell Metab. 2021;33(5):1042-1061.e7. doi:10. 
1016/ j.cmet.2021.04.004. 

[11] Schrauben SJ, Shou H, Zhang X, et al. Association of Multiple 
Plasma Biomarker Concentrations with Progression of 
Prevalent Diabetic Kidney Disease: Findings from the Chronic 
Renal Insufficiency Cohort (CRIC) Study. J Am Soc Nephrol. 
2021;32(1):115-126. doi:10.1681/ASN.2020040487. 

[12] Bano G, Imam MT, Bajpai R, et al. Expression of Angiopoetin-
Like Protein-4 and Kidney Injury Molecule-1 as Preliminary 
Diagnostic Markers for Diabetes-Related Kidney Disease: A 
Single Center-Based Cross-Sectional Study. J Pers Med. 
2023;13(4):577. Published 2023 Mar 24. doi:10.3390/ 
jpm13040577. 



 

27 

[13] Romejko K, Markowska M, Niemczyk S. The Review of 
Current Knowledge on Neutrophil Gelatinase-Associated 
Lipocalin (NGAL). Int J Mol Sci. 2023;24(13):10470. 
Published 2023 Jun 21. doi:10.3390/ijms241310470. 

[14] Leditzke K, Wagner MEH, Neunaber C, Clausen JD, 
Winkelmann M. Neutrophil Gelatinase-associated Lipocalin 
Predicts Post-traumatic Acute Kidney Injury in Severely 
Injured Patients. In Vivo. 2021;35(5):2755-2762. doi:10. 
21873/ invivo.12560. 

[15] Bolignano D, Lacquaniti A, Coppolino G, et al. Neutrophil 
gelatinase-associated lipocalin as an early biomarker of 
nephropathy in diabetic patients. Kidney Blood Press Res. 
2009;32(2):91-98. doi:10.1159/000209379. 

[16] Wang Y, Lam KS, Kraegen EW, et al. Lipocalin-2 is an 
inflammatory marker closely associated with obesity, insulin 
resistance, and hyperglycemia in humans. Clin Chem. 
2007;53(1):34-41. doi:10.1373/clinchem.2006.075614. 

[17] Li A, Yi B, Liu Y, et al. Urinary NGAL and RBP Are 
Biomarkers of Normoalbuminuric Renal Insufficiency in Type 
2 Diabetes Mellitus. J Immunol Res. 2019;2019:5063089. 
Published 2019 Sep 15. doi:10.1155/2019/5063089. 

[18] Greco M, Chiefari E, Mirabelli M, Salatino A, Tocci V, 
Cianfrone P, Foti DP, Brunetti A. Plasma or Urine Neutrophil 
Gelatinase-Associated Lipocalin (NGAL): Which Is Better at 
Detecting Chronic Kidney Damage in Type 2 
Diabetes? Endocrines. 2022; 3(2):175-186. https://doi. org/10. 
3390/ endocrines3020016. 

[19] Tang XY, Zhou JB, Luo FQ, et al. Urine NGAL as an early 
biomarker for diabetic kidney disease: accumulated evidence 
from observational studies. Ren Fail. 2019;41(1):446-454. 
doi:10.1080/0886022X.2019.1617736. 

[20] Rowles JE, Keane KN, Gomes Heck T, Cruzat V, Verdile G, 
Newsholme P. Are Heat Shock Proteins an Important Link 
between Type 2 Diabetes and Alzheimer Disease?. Int J Mol 
Sci. 2020;21(21):8204. Published 2020 Nov 2. doi:10. 3390/ 
ijms21218204. 

[21] Maslanik T, Mahaffey L, Tannura K, Beninson L, Greenwood 
BN, Fleshner M. The inflammasome and danger associated 
molecular patterns (DAMPs) are implicated in cytokine and 
chemokine responses following stressor exposure. Brain 
Behav Immun. 2013;28:54-62. doi:10.1016/j.bbi.2012.10.014. 

[22] El-Horany HE, Abd-Ellatif RN, Watany M, Hafez YM, Okda 
HI. NLRP3 expression and urinary HSP72 in relation to 
biomarkers of inflammation and oxidative stress in diabetic 
nephropathy patients. IUBMB Life. 2017;69(8):623-630. doi: 
10.1002/iub.1645. 

[23] Jayashree K, Senthilkumar GP, Parameswaran S, Vadivelan M. 
Association of elevated extracellular HSP72 in albuminuria 
with systemic inflammation and disease progression in type 2 
diabetic kidney disease. Clin Biochem. 2023;121-122:110682. 
doi:10.1016/j.clinbiochem.2023.110682. 

[24] Hayek SS, Sever S, Ko YA, et al. Soluble Urokinase Receptor 
and Chronic Kidney Disease. N Engl J Med. 2015;373 (20): 
1916-1925. doi:10.1056/NEJMoa1506362. 

[25] Dal Monte M, Cammalleri M, Pecci V, et al. Inhibiting the 
urokinase-type plasminogen activator receptor system recovers 
STZ-induced diabetic nephropathy. J Cell Mol Med. 
2019;23(2):1034-1049. doi:10.1111/jcmm.14004. 

[26] Rotbain Curovic V, Theilade S, Winther SA, et al. Soluble 
Urokinase Plasminogen Activator Receptor Predicts 
Cardiovascular Events, Kidney Function Decline, and 
Mortality in Patients With Type 1 Diabetes. Diabetes Care. 
2019; 42(6):1112-1119. doi:10.2337/dc18-1427. 

[27] Rasmussen LJH, Petersen JEV, Eugen-Olsen J. Soluble 
Urokinase Plasminogen Activator Receptor (suPAR) as a 
Biomarker of Systemic Chronic Inflammation. Front Immunol. 

2021;12:780641. Published 2021 Dec 2. doi: 10.3389/ fimmu. 
2021. 780641. 

[28] Yoo TH, Pedigo CE, Guzman J, et al. Sphingomyelinase-like 
phosphodiesterase 3b expression levels determine podocyte 
injury phenotypes in glomerular disease. J Am Soc Nephrol. 
2015;26(1):133-147. doi:10.1681/ASN.2013111213. 

[29] Qin L, Zhang R, Yang S, Chen F, Shi J. Knockdown of 
ANGPTL-4 inhibits inflammatory response and extracellular 
matrix accumulation in glomerular mesangial cells cultured 
under high glucose condition. Artif Cells Nanomed Biotechnol. 
2019;47(1):3368-3373. doi:10.1080/21691401.2019.1649274. 

[30] Chugh SS, Macé C, Clement LC, Del Nogal Avila M, Marshall 
CB. Angiopoietin-like 4 based therapeutics for proteinuria and 
kidney disease. Front Pharmacol. 2014;5:23. Published 2014 
Feb 25. doi:10.3389/fphar.2014.00023. 

[31] Bano G, Imam MT, Bajpai R, et al. Expression of Angiopoetin-
Like Protein-4 and Kidney Injury Molecule-1 as Preliminary 
Diagnostic Markers for Diabetes-Related Kidney Disease: A 
Single Center-Based Cross-Sectional Study. J Pers Med. 
2023;13(4):577. Published 2023 Mar 24. doi:10.3390/ jpm 
13040577. 

[32] Ma J, Chen X, Li JS, et al. Upregulation of podocyte-secreted 
angiopoietin-like-4 in diabetic nephropathy. Endocrine. 
2015;49(2):373-384. doi:10.1007/s12020-014-0486-5. 

[33] Liu Y, Xu K, Xiang Y, et al. Role of MCP-1 as an inflammatory 
biomarker in nephropathy. Front Immunol. 2024;14:1303076. 
Published 2024 Jan 4. doi:10.3389/fimmu.2023.1303076. 

[34] Chen TK, Coca SG, Thiessen-Philbrook HR, et al. Urinary 
Biomarkers of Tubular Health and Risk for Kidney Function 
Decline or Mortality in Diabetes. Am J Nephrol. 2022;53(11-
12):775-785. doi:10.1159/000528918. 

[35] Siddiqui K, Joy SS, George TP, Mujammami M, Alfadda AA. 
Potential Role and Excretion Level of Urinary Transferrin, 
KIM-1, RBP, MCP-1 and NGAL Markers in Diabetic 
Nephropathy. Diabetes Metab Syndr Obes. 2020;13:5103-
5111. Published 2020 Dec 31. doi:10.2147/DMSO.S282166. 

[36] Shoukry A, Bdeer Sel-A, El-Sokkary RH. Urinary monocyte 
chemoattractant protein-1 and vitamin D-binding protein as 
biomarkers for early detection of diabetic nephropathy in type 
2 diabetes mellitus. Mol Cell Biochem. 2015;408(1-2):25-35. 
doi:10.1007/s11010-015-2479-y. 

[37] Dehghanbanadaki H, Forouzanfar K, Kakaei A, et al. The role 
of CDH2 and MCP-1 mRNAs of blood extracellular vesicles 
in predicting early-stage diabetic nephropathy. PLoS One. 
2022;17(4):e0265619. Published 2022 Apr 1. doi:10.1371/ 
journal. pone.0265619. 

[38] Priyadarshini G, Rajappa M. Predictive markers in chronic 
kidney disease. Clin Chim Acta. 2022;535:180-186. doi:10. 
1016/ j.cca.2022.08.018. 

[39] Wen Y, Parikh CR. Current concepts and advances in 
biomarkers of acute kidney injury. Crit Rev Clin Lab Sci. 
2021;58(5):354-368. doi:10.1080/10408363.2021.1879000. 

[40] Kamijo-Ikemori A, Sugaya T, Kimura K. Rinsho Byori. 
2014;62(2):163-170. 

[41] Yang M, Chen W, He L, Liu D, Zhao L, Wang X. Intermittent 
Fasting-A Healthy Dietary Pattern for Diabetic Nephropathy. 
Nutrients. 2022;14(19):3995. Published 2022 Sep 26. doi: 10. 
3390/nu14193995. 

[42] Thi TND, Gia BN, Thi HLL, Thi TNC, Thanh HP. Evaluation 
of urinary L-FABP as an early marker for diabetic nephropathy 
in type 2 diabetic patients. J Med Biochem. 2020;39(2):224-
230. doi:10.2478/jomb-2019-0037. 

 
 

 


