
INTRODUCTION

Diabetic nephropathy (DN) is a major disorder of diabetes 
mellitus (DM) which ends up in chronic renal failure (Schrijvers 
et al., 2004; Sulaiman, 2019). People with DM are ten times 
more prone to end-stage kidney failure. The International Dia-
betes Federation (IDF) reports that 40% of diabetic people 
might develop final stage renal failure. Furthermore, diabetes 
and hypertension, either in combination or separately lead to 
about 80% of end-stage kidney failure (Hill et al., 2016). 

Microalbuminuria is the early evidence for detecting DN. 
About 20% of patients develop nephropathy from microalbu-
minuria within a decade and nearly 20% of patients reach end-
stage kidney disease. On one hand, around 20% of T1DM 
patients suffer from end-stage kidney failure in just a decade, 
and 75% of patients in less than two decades as there is no 
treatment available to date. On the other hand, T2DM patients 
show evidence of microalbuminuria and nephropathy within a 
short period of DM diagnosis (Shahbazian and Rezaii, 2013; 
Pugliese et al., 2020).

An early symptom of DN includes high excretion of albumin 
in urine, glomerular and renal hypertrophy, hyperfiltration, and 
mesangial expansion with ECM proteins aggregation such as 
fibronectin, laminin, and collagen (Schrijvers et al., 2004). Re-

cent developments in diagnostics and therapeutics such as 
the study of innovative molecules, stem cell therapy, and gene 
therapies are necessary for the treatment of DN (Rota et al., 
2019). However, concomitant medication such as drugs for 
hypertension, dyslipidemia, etc., complicates the understand-
ing of DN and further increases the complexity of preventive 
and therapeutic measures. The purpose of the review is to 
compile the knowledge of DN risk factors, prevalence, diag-
nostics, and therapeutic strategies for DN from existing litera-
ture. 

RISK FACTORS

Risk factors were defined as two types for DN: modifiable 
and non-modifiable factors. Modifiable factors include hy-
pertension, glycemic level management, and dyslipidemia. 
Additionally, Scott et al. (2001) and Börnhorst et al. (2020) 
demonstrated smoking as an additional modifiable risk fac-
tor. Non-modifiable factors are race, age, gestation, genetic 
profile, and sex. Patients with a family history of DN family 
history were more susceptible to develop the condition (Pettitt 
et al., 1990; Werner et al., 2018). A race such as the American 
population of Mexicans, Africans, and Pima people of Native 
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Type 2 diabetes mellitus (T2DM) leads to many health problems like diabetic nephropathy (DN). One of the key factors for chronic 
kidney disease and end-stage renal disease (ESRD) is T2DM. Extensive work is being done to delineate the pathogenesis of DN 
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Americans showed higher rates of developing DN. Concern-
ing sex, male DM patients have higher possibilities of DN (Gall 
et al., 1997; Young et al., 2003; Narres et al., 2016). 

Genes, such as ACE, APOC1, GREM1, UNC13B, ALR2, 
APOE, CARS, CPVL/CHN2, eNOS, EPO, FRMD3, HSPG2, 
and VEGF, are identified for the hereditary reasons of DN. 
ELMO1, CCR5, and CNDP1 were identified to be the reason 
for ND in a subgroup of T2DM Asian subjects. Polymorphic 
genes of ADIPOQ, PAI-1, TGFβ1, and PPARγ also have been 
studied and shown their crucial role in developing DN (Del-
lamea et al., 2014). High levels of HbA1C, proteinuria, systolic 
blood pressure, and habits increase the risk of DN in DM pa-
tients (Eberhard, 2006; Lu et al., 2017). 

STAGES OF DIABETIC NEPHROPATHY

The initial phase of DN starts with the glomerular basement 
membrane (GBM) thickening. Normal glomerular filtration 
rate (GFR), lack of albuminuria, and hypertension are often 
observed in this stage for five years from the onset of GBM 
thickening. The next stage involves the development of mild 
to severe mesangial expansion. Two years from the onset of 
the GBM thickening and mesangial proliferation, normal GFR 
were still observed and no other clinically significant symp-
toms were recorded (Tervaert et al., 2010). The third stage 
is the damage of glomerular and elevated microalbuminuria 
of 30 to 300 mg day-1. The stage was observed in diabetic 
patients with or without the condition, hypertension. The third 
stage is called nodular sclerosis and starts after 5 to 10 years 
from GBM onset. The advanced diabetic glomerulosclerosis is 
the fourth stage of DN in which tubulointerstitial and vascular 
lesions are prominent. The end-stage is the total kidney failure 
with a GFR below 15 mL min-1per 1.73 m2 (Gheith et al., 2016).

PROGRESSION OF DIABETIC NEPHROPATHY

As not every diabetic patient advance to macroalbuminuria, 
microalbuminuria serves to diagnose DN. Normal albumin lev-
els may be regressed in some patients. Type 2 DM patients 
show high variability in DN progression. The variability is evi-
dent as DN is mostly considered as a secondary disorder of 
DM and onset date is often under-diagnosed (Caramori et 
al., 2000). Recent research showed 38% of patients develop 
microalbuminuria and 29% showed decreased GFR after 15 
years of follow-up. Additionally, they reported a progression 
of 2.8% from microalbuminuria and 2.3% from GFR to ESRD 
(Retnakaran et al., 2006). Gheith et al. (2016) mentioned that 
the progression of renal disease was gradually increasing at 
17.3%, 24.9%, and 24.9% for the first 5 years, 10 years, and 
15 years from the date of diagnosis. 

IMMEDIATE AND LATE EFFECTS OF 
HYPERGLYCEMIA

Hyperglycemia is found to raise the level of glucose 
strained over the glomerular filtration in the proximal tube 
leading to glucose hyper-reabsorption. During hyper-reab-
sorption of glucose, glucose transporter expression is trig-
gered and enormous changes in energy-absorbing transfer 

systems are observed in the proximal tubular cells (Vallon, 
2015). This mechanism significantly raises the demand for 
oxygen in the renal cortex and outer medulla resulting in isch-
emia and enhancing stress markers’ expressions like kidney 
injury molecule 1 (KIM1) and neutrophil gelatinase-associated 
lipocalin (NGAL) (Zeni et al., 2017). The increased stress of 
the proximal tubule results in hypertrophy and elongation in 
the proximal tubule, and subsequent kidney hypertrophy. The 
sodium retrieval is increased tremendously in the proximal 
tubule when SGLT2 co-transports sodium, thus lowering the 
NaCl concentration at macula densa and in the distal tubule. 
The lower concentration of NaCl disables the process of tu-
bule-glomerular feedback and triggers renal afferent arteriole 
dilation at macula densa (Anders et al., 2016; Perry and Shul-
man, 2020). The concurrent production of renin improves the 
efferent arteriole’s vasoconstriction. Glomerular hypertension, 
glomerular hyperfiltration, and a steady rise in single- neph-
ron GFR are the results of the hemodynamic effects. Though 
glomerular pressure is declining due to the development of 
glomerular hypertrophy, glomerular hyperfiltration continues 
(Amalan and Vijayakumar, 2015; Neal et al., 2017). The role 
of SGLT2 and renin in these systems might help to answer 
the reasons for the effects of SGLT2 and RAS inhibition over 
a very short period on renal hemodynamics in diabetic kidney 
disease (DKD) patients.

In comparison to positive results of addressing the up-
stream hemodynamic routes described above, the late causes 
of hyperglycemia can have various effects, especially in mixed 
groups of patients with DKD against NDKD-DM patients, fo-
cusing the downstream and postponed impacts of hyperglyce-
mia, e.g., inflammation and endothelial dysfunction (Wanner 
et al., 2016). However, to help the implementation of thera-
peutic options for ESRD patients, an understanding of these 
downstream consequences is needed.

MECHANISMS OF DKD (DIABETIC KIDNEY 
DISEASE)

Hyper aminoacidemia, a glomerular hyperfiltration pro-
moter, and hyperglycemia are the metabolic modifications 
that change renal hemodynamics and facilitate fibrosis and 
inflammation in diabetes’ initial stage (Fig. 1). In this study, the 
pathways that drive the development of chronic kidney dis-
ease (CKD) in DM patients are studied to provide a concep-
tual basis for identifying effective therapeutic targets. DN is a 
significant DM microvascular disorder responsible for 50% of 
all ESRD populations (Saran et al., 2017).

In hypertensive patients, DKD is also a significant reason 
for cardiovascular risk. Microalbuminuria acts as the first clini-
cal expression of DKD and almost 50% of microalbuminuria 
patients will advance to macroalbuminuria without an early di-
agnosis. The chance of ESRD progression is almost ten times 
greater than the patients with normal urinary albumin levels 
(Berhane et al., 2011). The crucial factors for the existence of 
microalbuminuria in T2DM patients are high urinary albumin to 
creatinine ratio, high HbA1c level, older age hypertension, and 
increased blood glucose levels. Hemodynamic factors such 
as eGFR may not play a part (Amalan et al., 2015).

Roughly 30% of T1DM patients are associated with micro-
albuminuria and rely on blood glucose control and drug com-
pliances (Oh et al., 2012; Chatzikyrkou et al., 2017). There 
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is a chance of 30% of T2DM patients to develop microalbu-
minuria and are interrelated to hypertension (Ahmad et al., 
2017; Smith and Harris, 2018). In the aforementioned cases, 
albuminuria is related to hypertension, and uncontrolled blood 
glucose levels represent a significant part in the development 
of overt DN.

Good control of the HbA1c level can avoid progression to 
ESRD and it demonstrates the significance of hyperglycemia 
in the development of DKD in T1DM patients (Fu et al., 2019). 
The risk factors for DKD are identified as low birth weight, mor-
bid obesity, glycemic control, and genetic susceptibility which 
interprets that not all DM patients are interconnected to DKD 
(Skupien et al., 2014; Tonneijck et al., 2017). To analyze the 
variations in the pathological processes of DKD and NDKD, it 
is also suggested to explore the initial and later consequences 
of hyperglycemia on the kidney.

DIAGNOSIS

For both T1DM and T2DM, serum TNF-α receptor level is 
the most effective diagnostic tool and forecasts the develop-
ment of CKD and ESRD. In type II diabetics, besides albu-
minuria, the levels of TNF-α receptor exhibited as a signifi-
cant predictive factor. Furthermore, serum uric acid acts as a 
biomarker and pathogenic (Niewczas et al., 2012; Kopel et 
al., 2019). 

Beta-trace protein (beta TP), microRNA-130b, and NGAL 
are recently explored as valuable biomarkers for diagnosis in 
T2DM patients (Motawi et al., 2018). In T2DM patients, NGAL 

and beta TP are present at a higher level than normal and 
this helps glomerular and tubular markers as primary biomark-
ers, respectively. The tubular biomarkers are listed in Table 1. 
Many recent reviews showed the advantages of biomarkers 
in earlier DKD identification (Papadopoulou-Marketou et al., 
2017). In the future, progress in metabolic phenotyping and 
biomarkers study provide confidence for multiparametric risk 
evaluation of renal injury and efficient interventions. In com-
parison to conventional prediction models, broader studies 
have not demonstrated that these biomarkers provide added 
benefit. However, to understand the role of biomarkers in clini-
cal practice, additional work is required.

TREATMENT

The key treatment choices for DN are maintenance of blood 
glucose levels, hypertension, hemodynamic control, and oth-
er metabolic disorders (Satko et al., 2002). Concluding and 
comparing all glucose-lowering agents is outside the study’s 
objective, but beyond glucose-lowering, some agents have 
conceptual advantages, and they are discussed in our study. 
Some antihypertensive medications have shown benefits in 
reducing proteinuria or GFR. Alternative drugs and non-phar-
macological methods are also explored. Novel agents, stem 
cell treatment, and gene therapy are being extensively studied 
in the treatment of DKD.

IMPORTANCE OF DIET THERAPY FOR 
NEPHROPATHY

The goal of diabetic nephropathy therapy is to preclude the 
macroalbuminuria development from microalbuminuria and 
continual drop in kidney function and related cardiac disor-
ders. The major cornerstones are antihypertensive therapy by 
blocking the RAAS pathway, lipid-modifying statins, and inten-
sive glycemic control. A thorough discussion of different dia-
betic nephropathy treatment approaches is presented in this 
study. In DN procedures and outcomes, the dietary state of 
patients is a significant factor (Oltean et al., 2017). In sustain-
ing an individual’s nutritional status, diet control is considered 
an essential part. Although diabetes encourages a balanced 
and stable diet; it is difficult for CKD diets to slow the kidney 
damage’s progression and related secondary disorders such 
as hyperlipidemia, hypertension, and uremia. Continuous su-
pervision is required and must be patient and treatment spe-
cific.

A fragile, healthy diet between nutrition and maintainable 
physiological activities are necessary to preserve the patient’s 
life quality. The issues faced in kidney failure failures and pro-
teinuria are unawareness of dietary follow-up and continuous 
intake of conventional diet options which are high in minerals, 
proteins, and carbohydrates. Restricting fat consumption is 
the only regulation that must be exercised in dyslipidemia pa-
tients. Such an uneven diet imposes a burden on the activity 
of the kidney, resulting in more disease control issues. An ide-
al diet prescribed for diabetic nephropathy patients is a proper 
amount of fat consumption. Moreover, it is also important to 
limit total calories from the consumption of protein and carbo-
hydrates. As recommended by earlier research, a complete 
reduction in fat can be a very dangerous activity. Nutritionist 
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Fig. 1. The schematic overview of inflammatory mechanisms in 
the pathophysiology of diabetic nephropathy (DN). The initiation 
and progression of DN is involved in metabolic and hemodynamic 
disruption. In DN, hyperglycemia-induced metabolic destruction is 
the major reason for the development and progression of diabetic 
nephropathy.
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recommends reducing the intake of saturated fatty acids and 
consuming unsaturated fat foods such as omega-rich fatty oils 
and plant-based oils at a low level (Otoda et al., 2014). Also, 

a protein intake of 0.6 to 0.7 g kg-1 day-1 is recommended with 
personalized nutritional strategies to prevent malnutrition in 
the general management of renal insufficiency (Trimeche et 

Biomol  Ther 29(4), 365-372 (2021) 

Table 1. List of tubular biomarkers

Bio marker Source Size Key point

MMP-9 Macrophages 707 kDa MMP-9 functions as proapoptotic element in rapid depletion of retinal 
capillary cells seen in diabetic retinopathy pathogenesis (Kowluru, 
2010).

MMP-2 Cardiomyocytes, fibroblasts, and 
myofibroblasts.

72 kDa MMPs are a large proteinase family that redesigns constituents of the 
extracellular matrix. Its induction is known as negative regulation of 
cell viability under pathological environments (Mohammad and Sid-
diquei, 2012).

TNF-α Macrophages, dendritic cells, natu-
ral killer cells, and T lymphocytes

17.3 kDa Renal cells synthesize tumor necrosis factor (TNF)-α and is a cyto-
kine with primarily proinflammatory functions (Navarro et al., 2005).

IL-6 Smooth muscle cells 21-26 kDa Interleukin (IL)-6 is a cytokine with proinflammatory factor. Elevated 
vitreous IL-6 expression in patients with DR is associated with 
macular oedema. Although, the essential purpose of IL-6 remains 
uncertain in DR pathogenesis (Rojas et al., 2011).

RBP4 Liver 21 kDa RBP4 is related to insulin resistance factors and diabetic related dis-
orders (Li et al., 2018).

IGF-1 Cartilaginous cells 7649 kDa IGF-1 is considered to activate a sequence of molecular mechanisms 
which causes retinal angiogenesis. Accelerated vitreous IGF-1 lev-
els related to incidence of diabetic retinal neovascularization related 
to severe ischemia (De Sanctis et al., 2015).

VEGF Macrophages, platelets 46 kDa VEGF development is triggered because of ischemia or hypoxia. Tis-
sue hypoxia contributes to the formation of a protein called hypoxia-
inducible factor 1 (HIF-1) that binds to DNA (Krock et al., 2011).

KIM-1 Blood retinal 124 kDa Baseline KIM-1 had a predicted rate of loss in eGFR and eSRD in 
proteinuric patients (>500 mg day-1) over 5-15 years of continuity 
(Sabbisetti et al., 2014).

Urine 63 kDa KIM-1 is correlated with GFR reduction but albuminuria-dependent 
(Nielsen et al., 2011).

Urine 978 kDa Urine KIM-1/Cr is linked to initial GFR drop with a 4-year follow-up but 
does not have more prognostic details to albumin/Cr ratio (Conway 
et al., 2012).

NGAL Serum/urine 50 kDa NGAL shows a raised level prior to microalbuminuria. Urine NGAL is 
interlinked with albuminuria and serum NGAL is known to be related 
with HbA1c (Lacquaniti et al., 2013).

Serum/urine 63 kDa NGAL is consistent with GFR decline, but albuminuria-dependent 
(Nielsen et al., 2011).

Urine 140 kDa Urine NGAL is not related to eGFR (Chou et al., 2013).
L-FABP Urine 1549 kDa The range of differing L-FABP results were observed between normo-

albuminuria and macro-albuminuria. The urine L-FABP/Cr ratio pre-
dicted DN progression at baseline, however the addition of L-FABP 
to albumin excretion did not provide the predictive models (Panduru 
et al., 2013).

Urine 277 kDa Urine L-FABP could predict albuminuria progression or death (Nielsen 
et al., 2014).

Urine/serum 63 kDa L-FABP is not consistent with GFR decrease (Nielsen et al., 2011).
Cystatin C Urine 237 kDa The urine cystatin C/Cr ratio is linked with eGFR reduction, with ele-

vated tertile levels correlated with advancement to stage 3 or higher 
CKD after continuation of 20 months (Kim et al., 2013).

This shows a list of renal tubular biomarkers that could help to identify diabetic nephropathy.
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al., 2013; Zha and Qian, 2017). Moreover, several clinical tri-
als showed the advantages of minimal protein intake on DN 
and insist that protein limitation is not only a suggestion to 
provide complete control. 

A very low protein diet (VLPD) in animal T2DM models re-
duced tubule interstitial injury, inflammation, and fibrosis by 
restoring autophagy besides reducing mammalian target of 
rapamycin complex 1 (mTORC1) activity (Kitada et al., 2018). 
An LPD can delay the development of kidney disorder in peo-
ple with chronic glomerular nephritis. For DN patients, a low 
salt diet and low-pickled fruit are strongly recommended. Low 
sodium consumption decreases blood pressure. The annual 
creatinine clearance drop in patients with T2DM DN was cor-
related with higher salt consumption and excretion of urinary 
protein (Kanauchi et al., 2015). In the event of a patient’s defi-
ciency in kidney function due to retention in body tissues, po-
tassium excretion is further decreased. However, potassium is 
necessary for muscle contraction and relaxation. So, the con-
sumption of potassium through diet from grains, soybeans, 
potatoes, nuts, corn, tomatoes, kiwi, bananas, melons, etc., 
should be limited. During the chronic kidney injury, like potas-
sium, excretion of phosphorus is also decreased, contributing 
to elevated levels of phosphorus in the blood. As phosphate 
balances with the calcium levels in the skeletal muscle, an 
inequality contributes to substantial calcium deficiency and 
bone diseases. In brief, improper intake of carbohydrates and 
proteins is handled with an energy goal of 1,600 kcal per day 
i.e., 60% of which emanates from carbohydrates and 40% 
from proteins.

A recent study reports that following the strict diet control 
regimen in stage 4 CKD accomplished a remarkable regu-
lation of blood lipid and glucose levels (Kim, 2014). Never-
theless, patient compliance with the prescribed food intake 
appears to be gender-based, e.g., the measured level of com-
pliance to a specific diet in a Finnish cohort DN analysis stated 
that the patients were female, aged, and had a longer period 
of diabetes (Ahola et al., 2018). Therefore, patient education 
awareness for strict adherence may also be a key factor of 
DN’s regulation by diet.

NOVEL DRUGS FOR NEPHROPATHY

Some agents for DN are discussed in brief, and the treat-
ment strategies comprise stringent blood glucose level control 
and blood pressure. Novel therapeutics is continuously being 
studied such as novel molecules that could interfere with the 
pathogenic molecular and cellular targets within the kidney, 
like podocytes (Dande et al., 2017).

SODIUM-GLUCOSE COTRANSPORTER 2 
INHIBITORS

SGLT2 in the proximal tubule of S1 portion is one of the key 
factors of hyperglycemia and glomerular hyperfiltration and 
may lead to DN progression. A novel class of oral hypogly-
cemic agents, SGLT2 inhibitors is especially promising at the 
starting phases of DN and is capable of suppressing the dia-
betic hyperfiltration independently of their effects on glucose 
levels, while reducing glucose reabsorption and increased gly-
cosuria (Azizi et al., 2007; Gonzalez et al., 2020).

ENDOTHELIN RECEPTOR ANTAGONISTS

Endothelin-1 (ET-1), an effective vasoconstrictor, was stud-
ied extensively in laboratory and clinical trials to test the effi-
cacy as a RAAS-blocking agent for ET-1 inhibitors. In tubules, 
glomerular hyperfiltration prompts protein overload which 
stimulates overexpression of ET-1, cell proliferation, and in-
terstitial inflammation, eventually leading to progressive dam-
age to the kidney (Dande et al., 2017). Furthermore, protein 
overload tends to induce ET-1 expression, which can modify 
glomerular perm selectivity by increased levels of β-arrestin-1. 
ET-1 can be antagonized by decreasing its development by 
inhibiting the ET-1 converting enzyme that produces the bio-
logically active ET-1 from its large ET-1 precursor or by mixed 
or selective inhibition of the ETAR and ETBR receptors (Gentile 
et al., 2014).

NF-kB INHIBITORS

NF-kB is a transcription factor which regulates cytokine en-
coding genes expressions, cell adhesion molecules, growth 
factors, and certain proteins in the acute phase. NF-kB can 
be triggered by many agents, such as cytokines, ROS, in-
haled particles, ultraviolet irradiation, and germs, via classical 
or alternate signaling pathways (Liu et al., 2017). Inflamma-
tion induces inappropriate activation of NF-kB, whereas com-
plete, continuous inhibition of NF-kB could lead to apoptosis, 
change in development of immune cell, and deferred cell 
growth (Mussbacher et al., 2019). Therefore, NF-kB modula-
tor strategies eventually have the advantage of treating mul-
tiple diseases, such as DN.

GENE THERAPY

Many upregulating genes have been recently identified for 
diabetic nephropathy. An aldo-keto-reductase family of renal-
specific reductase has just been identified in a diabetic mouse. 
This can be used as an effective goal for gene treatment in 
the case of renal diabetes complications. The mitochondrial 
genes defined in nephropathic rats are cytochrome Oxidase I, 
III, and NADH dehydrogenase IV (Wada et al., 2002; Oates, 
2010).

Translocase inner mitochondrial membrane-44 (Tim44), a 
nuclear-encoded mitochondrial gene, is up-regulated in the 
diabetic kidneys, and also acts as a molecular therapy stra-
tegic target in mitochondria. Tim44 enables the import of pro-
teins from cytosol into mitochondria and may engage in earlier 
pathobiological actions in DN (i.e., oxidative phosphorylation 
is triggered as glucose reaches the cell) (Wallner et al., 2002; 
Bonora et al., 2006). During the preprotein import motor’s 
reaction cycle, the key feature of Tim44 is complex confor-
mation with mtHsp70. Apart from the mitochondrial length of 
DNA and point-mutations described in diabetes-related ge-
netic diseases, it is possible that hyperglycemia can lead to 
apoptosis using disrupting oxidative phosphorylation and thus 
intruding with the mitochondrial import mechanism (Taylor and 
Turnbull, 2005). Evidence shows that in hyperglycemic condi-
tions, Tim44 is triggered and complexes with mtHsp70. This 
indicates that in DN, Tim44 could be engaged in apoptosis of 
various types of cell.
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STEM CELL THERAPY

Stem cell therapy is considered a promising method for 
therapeutics in clinical use. It opens new ways to the ad-
vancement of renal function and structural reconstruction of 
kidneys, with the ability for self-renewal and a high capacity 
for proliferation and differentiation. It unlocks new doors for 
treating nearly all human disorders with the focus on limitless 
amplification, plasticity, and genetic modification. The use of 
stem cell therapy has been extensively studied for treating 
several diseases such as cardiac, immunological, renal, and 
neurological diseases (Petrie Aronin and Tuan, 2010; Liu et 
al., 2020). The use of stem cells for kidney disorders is also a 
potential therapeutic approach. Increasing findings obtained 
in acute kidney injury models and CKD shows that stem cells 
possess a therapeutic capacity for renal injury reconstruction, 
maintaining kidney function, structure, and extending animal 
life. Initially, the results were due to stem cells that implant 
damaged tissue, distinguish, and substitute damaged cells 
(Rota et al., 2019). Potential stem cells can differentiate into 
specific cell types under suitable conditions according to 
their differentiation potential and could be classified into four 
groups, viz., unipotent, multipotent, pluripotent, and totipotent 
cells. Stem cells differentiate into kidney lineages and develop 
organoids. These lineage cells and organoids are for disease 
modeling and development and useful for organ transplanta-
tion (Zakrzewski et al., 2019).

TRANSPLANTATION

Pancreas and kidney transplantation are one of the effec-
tive therapeutic measures for ESRD in T1DM patients, with 
the majority maintaining insulin independence and avoiding 
DN recurrence (Bohman et al., 1985; Lerner, 2008). A series 
of biopsies of CKD patients who had pancreas transplantation 
showed a decline in albuminuria and reversal of DN lesions 
(Fioretto et al., 1998). Some of these advantages are compen-
sated by arteriolar hyalinosis and interstitial fibrosis caused by 
inhibitors of calcineurin such as cyclosporine. The deposition 
interstitial collagen reported at five years was enhanced by 
tubule interstitial remodeling, and vascular modifications were 
not affected (Fioretto et al., 2006).

CONCLUSION

Our review suggests the early diagnosis of microalbumin-
uria will help to identify patients with DN at the earliest. Poor 
blood sugar level control, longer duration of the DM, uncon-
trolled blood pressure, smoking, and physical inactivity are 
some of the risk factors for DN mentioned in the literature. 
Controlled diet, improved glycemic control, protein restriction 
coupled with sodium and potassium could help to manage 
the condition. Transplantation, stem cells, novel molecules for 
therapeutic, and treatments are warranted for DN control and 
treatments. 
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