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Abstract 

Diabetic nephropathy (DN) is the principal consideration of end-stage diabetic nephropathy in China, 

second only to chronic glomerulonephritis. It is the most common complication of diabetes and the 

cause of death in diabetic patients. The clinical manifestations of DN are proteinuria, edema, 

hypertension, and progressive renal damage, and its continuous development can turn into nephrotic 

syndrome and uremia. It has been reported that urinary microalbumin, cystatin C and homocysteine 

are related to the diagnosis of renal diseases. In addition, pathological examination of renal biopsy, as 

the golden standard, plays a vital role in clinical diagnosis of DN. In the meantime, with the rise of 

biomarkers research, such as Genetic Markers, miRNAs and AGEs, we can evaluate the renal function 

of diabetic patients by detecting these markers as early as possible. Taking into account the above 

information, we focus on research advances in the association of microalbuminuria, urinary inhibitory 

C, serum homocysteine, renal biopsy and biomarkers with DN. 
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Introduction 

Diabetic nephropathy (DN) is one of the common causes of End-stage renaldisease (ESRD), which can 

lead to the death of diabetic patients. Its clinical manifestation is characterized by persistent proteinuria 

and/or progressive decrease of glomerular filtration rate (GFR) [1]. According to a survey by the 

Chinese Diabetes Association in 2020, 20% to 40% of the total number of diabetic patients in China are 

complicated with DN, and the number of cases is still rising [2-4]. In 2021, the latest edition of the 
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Global Diabetes Map shows that there are currently about 140 million people with diabetes in China, 

and the number of people with diabetes is expected to increase by about 34 million compared to 30 

years ago by the middle of the 21st century [5]. Hemodialysis is a common treatment for DN patients 

who develop to renal failure, while long-term dialysis treatment increases the psychological pressure 

and economic burden of patients [6]. At present, the five recognized clinical stages of renal function 

and structural lesion progression in diabetic patients are as follows: (1) Glomerular hyperfiltration 

period (Initial clinical stage), (2) Normal albuminuria stage (preclinical), (3) Early stage of diabetic 

nephropathy (Early diabetic nephropathy stage), (4) Clinical diabetic nephropathy stage or overt 

diabetic nephropathy stage (Clinical diabetic nephropathy stage), (5) Kidney failure (uremia stage). 

Previous studies have reported that urinary microalbumin, serum cystatin C, homocysteine and other 

detection indicators have a positive effect on the early detection of renal damage in diabetic patients 

[7-9]. Therefore, we will elaborate on the role and clinical significance of urinary microalbumin, serum 

cystatin C and homocysteine in the diagnosis of DN. 

Urinary Microalbumin 

Albumin is one of the critical proteins in plasma. Typically, most of the albumin membrane does not 

cross the glomerular basement membrane and contains less than 20 mg/L of albumin in the urine of 

healthy humans. Pathological conditions, when the glomerular basement membrane damage to make its 

permeability changes, albumin in urine presents proteinuria [10]. Previously, most studies agreed that the 

early laboratory diagnosis of DN was defined as the presence of persistent urinary albumin and impaired 

glucose tolerance, which could be diagnosed at 20 μg/min or 30mg/24h in the absence of other renal or 

urinary tract diseases by clinicians and laboratory tests [7]. Therefore, the determination of urinary 

microalbumin has a great early warning function in reflecting early kidney disease and kidney injury. 

Researches have reported that early detection of urinary microalbumin in diabetic patients is beneficial to 

prevent or delay the progression of the disease [11]. Another study shows that the positive rate of urine 

trace albumin with longer duration of diabetes and the deterioration [12]. Typically, random urine is 

tested in clinical practice, which makes it easier for patients to sample and obtain test results quickly. 

Furthermore, the ratio of urinary albumin to urinary creatinine (UACR) was used to determine the status 

of patients [13]. According to the latest research, although the UACR of patients with DN is generally 

higher than that of patients with simple diabetes [14], in a sense, random urine samples are easily affected 

by patients' diet, drugs and their own physical conditions, which will interfere with the test results to a 

certain extent [15]. Meanwhile, due to the difference in individual physical condition, about 30% of the 

patients with DN in the urine trace albumin detection rate is extremely low [16]. Given the above, there 

are limitations in using urine microalbumin or UACR alone to determine a patient's status. 

Cystatin C  

Cystatin C (Cys C) is a protein composed of 122 amino acid residues with a molecular weight of 13.3 KD 

[17]. It can cross the glomerular basement membrane without being reabsorbed and secreted by renal 

tubular epithelial cells, making it an ideal endogenous marker of changes in glomerular filtration rate 
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(GFR). It is generally believed that Cys C is one of the most sensitive indicators for the detection of renal 

function, which is not affected by sample hemolysis, jaundice, and blood lipids. Due to its characteristics, 

the amount of Cys C in the serum is completely dependent on the filtration capacity of the kidney, so it 

can reflect the degree of renal damage in diabetic patients and is an independent risk factor for DN. 

It has been reported that serum Cys C changes earlier than serum creatinine, urea nitrogen, and urinary 

microalbumin at the initial diagnosis of DN [18]. The sensitivity of serum Cys C, β2-microglobulin and 

urinary microalbumin for early diagnosis of DN was 79.7%, 50.6% and 75.9% respectively [19]. A 

study showed [20] that in 150 patients with type 2 diabetic nephropathy, the content of Cys C in 

patients with pure diabetes, early diabetic nephropathy and the middle and advanced diabetic 

nephropathy was higher than that in the control group. In different diabetic nephropathy groups, the 

level of Cys C in the diabetic nephropathy group was higher than that in the pure diabetic nephropathy 

group, and the middle and late diabetic nephropathy group was higher than that in the early diabetic 

nephropathy group. As a result, rapid determination of serum Cys C can reflect the severity of renal 

function changes in the course of diabetes earlier and more accurately.  

Homocystein 

Homocysteine, as a sulfur-containing amino acid, is an important intermediate in the metabolism of 

methionine and L-cysteine. There are two metabolic pathways of re-methylation and sulfur conversion 

in the human body, among which the sulfur conversion mainly occurs in the kidney[21]. A variety of 

enzymes such as methionine synthase, cystathionine beta synthase (CBS), vitamin B12, folate, and 

vitamin B6 are involved in the metabolism of homocysteine. In general, the rapid conversion of Hcy to 

glutathione and S-adenosyl-methionine in vivo is associated with liver detoxification, free radical 

clearance, and DNA repair. Therefore, an increase in Hcy means a decrease in the production of two 

substances, glutathione and S-adenosylmethionine, which can be seriously harmful to health. So, 

homocysteine is an indicator of our health. Serum homocysteine level greater than 15 umol/L can be 

diagnosed as "hyperhomocysteinemia " [22], which is a risk factor for cardiovascular and 

cerebrovascular diseases and DN. Currently, high performance liquid chromatography (HPLC), 

enzyme-linked immunosorbent assay (ELISA) and fluorescence quantitative method are widely used in 

clinic to detect homocysteine [23], but these methods are easily affected by age, gender, constitution 

and lifestyle of patients. Although there are many influencing factors in the detection of homocysteine, 

it is still an important detection method for the clinical diagnosis of DN, cardiovascular diseases and 

tumors due to its important pathological role [24]. 

Recent studies domestic and overseas have shown that the possible pathogenic mechanisms of Hcy in 

DN include: (1) damage to endothelial and mesangial cells by inducing oxidative stress and cytotoxic 

effects [25]; (2) induce the proliferation of renal vascular smooth muscle cells and promote vascular 

sclerosis; (3) strengthen the function of blood coagulation, platelet aggregation and thrombosis, affect 

the coagulation and fibrinolytic system, and further lead to renal microcirculation disorders. The 

interaction of the above pathogenic mechanisms causes microvascular lesions in the kidneys of diabetic 
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patients [26]. Homocysteine is more sensitive than serum creatinine and cysteine in reflecting the 

degree of renal damage [27-29]. The level of homocysteine in diabetic patients is higher than that in 

healthy populations, and more than 35% of patients with type 2 diabetes suffer from 

hyperhomocysteinemia. With the occurrence of diabetic microangiopathy complications (such as DN 

and retinopathy), the content of homocysteine in serum is also increasing. Therefore, early detection of 

homocysteine level and timely intervention by drugs or other conditions can effectively slow down the 

progress of diabetic microangiopathy. 

Pathoiogical Examination of Renal Biopsy 

In the early 1950s, Danish doctors Iversen and Bran took the lead in implementing percutaneous 

nephrolithotomy in patients with kidney diseases, ushering in a new era in the pathological diagnosis of 

kidney biopsy [30]. With the development of medical technology, especially the emergence of 

commercial antibody reagents used to detect various immunoglobulins, complement, fibrinogen and 

other components (such as hepatitis B virus antigen and type III collagen) deposited in renal tissue, as 

well as the great improvement of the safety of renal puncture technology, percutaneous renal puncture 

technology and renal biopsy have become an important means of clinical diagnosis of renal diseases. It 

has been reported that diffuse mesangial dilatation lesions can be observed in the kidneys of patients 

during the first 5 years of diabetes onset through ordinary light microscopy [31]. With the progress of 

the disease, 25% of patients with advanced diabetic nephropathy may have glomerular basement 

membrane thickening and matrix hyperplasia nodules, the latter also known as Kimmelstiel-Wilson 

nodules [32]. Compared with the diffuse mesangial dilatation of the kidney, patients with 

Kimmelstiel-Wilson nodules have more impaired renal function [33], which means that the patient has 

a worse prognosis. In addition, it should be noted that less than 10% of diabetic patients will not 

develop DN [34]. According to the differentiation of renal pathological morphology, the renal 

pathological changes of patients with diabetic non-diabetic nephropathy (NDRD) can be divided into 

IgA nephropathy, membranous nephropathy, mesangial proliferative glomerulonephritis, hypertensive 

nephrosclerosis, renal damage, minimal change disease, regional glomerulosclerosis and crescentic 

glomerulonephritis. IgA nephropathy is the most common pathological change in NDRD patients in 

China [35]. 

The pathological changes in each stage of diabetic nephropathy are as follows: (1) prominent features 

are glomerular ultrafiltration and glomerular afferent arteriole dilatation. (2) glomerular capillary 

basement membrane thickened and mesangial matrix slightly widened. (3) The basement membrane 

thickened, the mesangial matrix widened obviously, and the arterioles became glassy. (4) 

Glomerulopathy is more serious, with partial glomerulosclerosis and tubular atrophy. (5) most nephron 

atresia, often accompanied by retinopathy. Pathological examination of renal biopsy is the standard for 

diagnosis of diabetic renal injury at present. However, this is a traumatic operation, and patients should 

be cautious when they are complicated with hypertension, renal insufficiency or bleeding risk [36]. To 

some extent, it restricts the further development of the technology. However, renal biopsies must be 
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performed when the following clinical criteria are met :(1) short-term type 1 diabetes, (2) diagnosis of 

autoimmune disease, (3) mild or no retinopathy, (4) presence of red cell tubule in urine (active urinary 

deposition), (5) significant and persistent proteinuria [37, 38], and (6) a family history of non-diabetic 

nephropathy [39]. 

Genetic Markers  

Genetic studies of DN have identified specific genes that may predispose individuals to the disease. By 

analyzing 297 samples (including 157 patients with confirmed DN), Xu CW et al. studied the 

correlation between activity-related variants of TAFI coding genes (505A/G,1040C/T) and DN. In the 

end, they confirmed that on the one hand, at 1040 c/G, T allele frequency and part in the general 

population who are closely associated with an increased risk of DN, on the other hand, in 505 a/G, 

almost no statistically significant differences between patients and the control group [40]. In a study of 

207 polymorphisms in paraoxonase 1 (PON1), L55M and Q192R appeared to be genetic markers 

involved in the development of DN in type 1 diabetes mellitus (T1D) [41]. In addition, it has been 

reported that elevated CYP2E1 gene expression and protein levels in peripheral lymphocytes are 

associated with prolonged diabetes and chronic renal failure, and it is recommended that lymphocyte 

CYP2E1 levels can be used as an early risk predictor of diabetic nephropathy [42].  

Urine Micro-RNAs (miRNAs) 

In recent years, a large number of studies have been conducted worldwide on the role of micrornas in 

the pathogenesis of DN. Based on the survey, Yang Yeyi et al. [43] found through investigation that 

miRNA-377, miRNA-192, miRNA-216/217 and miRNA-144 were increased in body fluids of DN 

patients, while miRNA-21 and miRNA-375 were decreased. Thus, they believe that it is completely 

reasonable: urine specific mirna can be used as one of the novel biomarkers for early diagnosis of 

diabetic nephropathy. In another study, researchers found lower levels of miR-23b in the peripheral 

blood of diabetic patients and in the kidneys of type 1 or type 2 diabetic animals compared with 

non-diabetic patients. Therefore targeted miR - 23 b as a new potential therapeutic targets will be good 

for early treatment of patients [44].  

Advanced Glycation End Products (AGEs) 

Protein glycosylation and advanced glycosylation end products (AGEs) are formed by the reaction of 

reducing sugars with the amino groups of proteins, lipids and nucleic acids and play an important role 

in the pathogenesis of diabetic complications such as kidney disease [45]. Studies have shown that 

accumulation of AGEs, enhanced generation of reactive oxygen species (ROS) and activation of 

protein kinase C (PKC) can induce glomerular hypertrophy and podocyte apoptosis, thereby promoting 

the occurrence and progression of DN [46].  

Summary 

DN is one of the most dangerous complications of diabetes, a serious threat to the patient's life. With 

the deepening of research, its pathogenesis is being elucidated. The onset of DN is insidious, and it is 

difficult to diagnose at the early stage. So once DN is diagnosed clinically, most patients have already 
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suffered from end-stage renal disease, which brings serious economic pressure and mental burden to 

patients and their families. The sensitivity and specificity of serum Cys C and homocysteine in the 

diagnosis of early renal disease are higher than those of creatinine and urea nitrogen, which can be used 

as markers for early screening of renal disease. At the same time, urinary microalbumin can be used as 

a routine screening program because of its flexibility and specificity. In recent years, due to the 

continuous development of clinical laboratory technology, multi-item joint detection has played a 

positive role in the diagnosis of DN [47], such as urinary albumin creatinine ratio, homocysteine, serum 

high-sensitivity C-reactive protein, etc. In addition, although renal pathological biopsy plays a vital role 

as the gold standard for the diagnosis of renal injury, the risk of surgical trauma, stress and bleeding 

should be considered in practical work. At the same time, with the rise of biomarkers such as Genetic 

Markers, miRNAs, and AGEs, we can detect these markers early to evaluate kidney function in patients 

with diabetes for early prevention and intervention.  

In the process of clinical treatment decision-making, we should fully evaluate the patient's physical 

condition and the severity of the disease, and finally choose the appropriate diagnosis and treatment 

means. In short, with the continuous development of medical technology and the improvement of the 

sensitivity of detection systems, these test markers will play an increasingly important role in the early 

diagnosis of DN! 
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