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ABSTRACT: 

 Diabetic nephropathy is a chronic disease 

characterized by proteinuria, glomerular 

hypertrophy, decreased glomerular filtration and 

renal fibrosis with loss of renal function, the 

progression of disease is known to occur in a series 

of stages and is linked to glycemic control and 

blood pressure control. DN develops in 

approximately 422 million people who are diabetic 

and is leading cause of CKD worldwide. Increased 

blood pressure, poor glycemic control, 

dyslipidemia and smoking are the main risk factors 

for the development of DN. Genetic predisposition, 

elevated serum lipids and the amount of dietary 

proteins also seem to play a role as risk factors. 

Screening for microalbuminuria, serum creatinine, 

urine test should be performed yearly after 

diagnosis of diabetes. Using drugs with blockade 

effect on renin angiotensin-aldosterone system, 

lipid lowering, controlling blood pressure and 

blood sugar, lifestyle modifications are effective 

strategies for preventing development of 

microalbuminuria and delaying the progression of 

DN. 

Keywords: diabetic nephropathy, biomarkers, 

albuminuria, diabetic kidney disease. 

 

I. INTRODUCTION: 
 Diabetic nephropathy (DN) is the most 

common complication and leading cause of 

mortality associated with diabetes
1
 and also 

increased risk of cardiovascular mortality. DN is 

more prevalent among African, Americans, Asians 

and native Americans than Caucasians
2
. The 

average incidence of DN is high during the first 10 

to 20 years after the diabetes onset. Typically, it 

takes 15 years for small blood vessels in organs 

like kidney, eyes and nerves to get effected
3
. In 

1959, Gellman et al., first reported an overview and 

clinical correction of findings on renal biopsien 

from patients with DN
4
. It is now a leading cause 

of end stage renal disease (ESRD). Chronic 

hypoxia and tubulointerstitial fibrosis are presently 

considered to be a common pathway for various 

progressive kidney disease including DN and 

hypoxia inducible factor (HIF-) 1 alpha plays an 

important role in these pathological mechanisms
5
. 

 Sodium glucose cotransporter 2 (SGLT2) 

inhibitors, a novel class of anti-diabetic medication 

target the proximal tubules to reduce reabsorption, 

leading to increased urinary glucose secretion and 

produce hypoglycemic effects. Recent clinical 

trials have demonstrated that SGLT2 inhibitors 

have Reno protective effect in DN
6
. 

 Most commonly used markers of renal 

disease and progression of CKD are estimated 

glomerular filtration rate (GFR) and proteinuria. 

Estimation of GFR reflect late functional changes 

and not early structural alternations in the kidney. 

Albuminuria has long been used to monitor onset 

and progression of DN
7
. 

 

DEFINITION: 

 DN is a chronic disease characterized by 

proteinuria, glomerular hypertrophy, decreased 

glomerular filtration and renal fibrosis with loss of 

renal function and Hyperglycemia is the driving 

force for the development of DN
8
. DN defined by 

macroalbuminuria (>300mg in a 24hours 

collection) or microalbuminuria and abnormal renal 

function as represented by abnormality in serum 

creatinine, calculated creatinine clearance and a 

high risk of cardio vascular morbidity and 

mortality
9
. A glomerular filtration rate 

(<60ml/min/1.73m2) is also an independent risk 

factor for cardiovascular event and death
10

. 

 

EPIDEMIOLOGY: 

 WHO estimated that there were around 

422 million people living with diabetes
11

. India is 

the new diabetic capital in the world with a large 

increase in subject with Type II diabetes in the last 

decade and an approximate prevalence of 11.6% 
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and 2% in urban and rural population 

respectively
12

. A population-based study reported 

2.9% prevalence of DN among Chinese Rural 

residents. A population-based study from UAE 

found 11.4%. The highest prevalence rate of DM 

and CKD-DM were observed in the Eastern 

Mediterranean region. Diabetes clinical data 

management study in Japan revealed that 15.3% of 

T2DM patient had low GFR. Findings of United 

Kingdom (U.K) prospective study in corporating 

for 4006 T2DM patient revealed that 28% patient 

develop renal impairment. The prevalence of DKD 

in the United States (U.S) population was found to 

be 2.2% according to cross sectional analysis of 

third national health and nutrition examination 

survey
13

. 

 

 

 

 

SYMPTOMS:  

 In early stages it may be asymptomatic, 

later stages of signs and symptoms include 

Worsening blood pressure control, Protein in the 

urine, Swelling of feet, ankles, hands or eyes, 

Increased urination, Confusion, Shortness of 

breath, Loss of appetite, Nausea and vomiting, 

Persistent itching, Fatigue. 

  

ETIOLOGY:  

 A variety of forms of chronic kidney 

disease in diabetes can be seen which including 

DN, ischemic nephropathy related to vascular 

disease, hypertensive nephrosclerosis, as well as 

other renal diseases that are unrelated to diabetes
14

. 

DN (complication of type 1 and type 2 diabetes) 

caused due to poorly controlled diabetes which 

leads to blood vessel clusters and increased blood 

pressure damages the blood vessels that filter waste 

from body in kidney. 

 

 
Figure 1 : Causes of CKD in patients with and without diabetes. 

 

RISK FACTORS:
15

 

 Not all diabetic develops DN and in those 

who do, progression is variable. The main 

modifiable risks are hypertension, glycemic control 

and dyslipidemia and smoking. The main 

unmodifiable risks are age, race and genetic profile. 

DN is more likely to develop in patients with a 

family history of DN. One study suggested that 

males had an increased risk of DN.  

 

NATURAL HISTORY: 

 A period of hyperfiltration followed by 

microalbuminuria (30–300 mg/day) and then by 

overt proteinuria accompanied by a decline in GFR 

in type 1 diabetic patients with DN (Fig 1). Similar 

progression of DN in T2DM Remarkably similar to 

that in type 1 diabetes, but confounding 

comorbidities, including hypertension and obesity, 

make a progressive pattern less clear
16,17

. 
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Figure 2: Natural history of diabetic nephropathy. 

 

ESRD-end-stage renal disease; GFR-glomerular 

filtration rate; RAS-renin-angiotensin system.  

 

 In patients with T1DM was initially 

characterized in the late 1970s by Kussman. 

Proteinuria appears 11 to 23 years after the T1DM 

diagnosis, serum creatinine concentration begins to 

increase after 13 to 25 years, and end-stage kidney 

disease develops after 18 to 30 years
18

. 

 The natural history of DN in T1DM is 

heterogeneous and is predominantly associated 

with atherosclerosis
19

. The timing of DN onset in 

patients with T2DM is difficult to 

assess
18

.Progression from microalbuminuria to 

overt nephropathy occurs in 20-40% of Caucasians 

within a 10 year period, 20% of this overt 

nephropathy progressing to ESRD over a period of 

20 years
20

. 

 

STAGES:
21,3

 

Stage 1:Glomerular basement membrane 

thickening 

It is preclinical stage characterized by early 

changes in function (hyperfunction) and size 

(hypertrophy) during diagnosis or before insulin. 

This stage is Usually from onset to 5 years. 

Borderline GFR (>90ml/min/1.73 m2), no 

albuminuria, hypertension but kidney size 

increased by 20% along with an increase in renal 

plasma flow. 

Stage 2:Mild or severe mesangial expansion 

Develops silently over many years (From 2 years 

after onset) and is characterized by basement 

membrane thickening and mesangial proliferation, 

intermittent microalbuminuria without signs of 

clinical disease. Shows normal GFR (60-

89ml/min/1.73 m2), a number of patients continue 

in stage 2 throughout their lives. 

Stage 3:Nodular sclerosis 

Incipient diabetic nephropathy, clinical stage and 

its Main characteristic are Glomerular damage 

(GFR- 30-59) and persistent microalbuminuria 

(30–300 mg/day). A slow, gradual increase over 

the years (5–10 years after onset with or without 

hypertension) is a prominent feature in this very 

decisive phase of diabetic nephropathy. Increased 

blood pressure increases the rate of albumin 

excretion (measured by radioimmunoassay). 

Stage 4:Advanced diabetic glomerulosclerosis 

that includes tubulointerstitial lesions and 

vascular lesions 

Overt diabetic nephropathy or macroalbuminuria, 

the classic entity characterized by Irreversible 

proteinuria, sustained hypertension, persistent 

albuminuria >300 mg/24hrs and GFR (15-

29 ml/min/1.73 m2). Long-term antihypertensive 

treatment reduces the fall rate by about 60%. 

Stage 5:End-stage kidney disease  

It is characterized by GFR < 15 ml/min/1.73 m2. 

Nearly 25% of diabetic population presently 

entering the end-stage kidney disease in the United 

States. 

 

PATHOPHYSIOLOGY:  

 The pathophysiological mechanisms in the 

development of DN are multifactorial
22,23 

inducing 

hemodynamic changes, inflammation, fibrosis and 

mesangial expansion, endothelial and podocyte 
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injury, leading to albuminuria and reduced renal function
24

. 

 
Figure 3: Several Pathway involved in the development of diabetic nephropathy

24
. 

 

BIOMARKERS:  

 Early identification and treatment of this 

chronic complication may reduce the rates of 

morbidity and mortality. Screening of chronic 

kidney disease (CKD) in diabetic patients 

recommends at least once a year. Standard 

biomarkers for DN are Creatinine and Albuminuria 

as we already discussed in screening. Recently, 

certain potential biomarkers (tubulointerstitial 

biomarkers) such as cystatin C, kidney injury 

molecule-1 (KIM-1), neutrophil gelatinase-

associated lipocalin (NGAL), angiotensinogen, 

periostin, and monocyte chemoattractant protein-1 

(MCP-1) were initially identified in acute kidney 

injury (AKI), also evaluating patients with CKD. 

Biomarkers 

Tubulointerstitial biomarkers:  

 

Cystatin C:
25,26

 

 Cystatin-C is produced from nucleated 

cells/proximal tubular cells in the body. It has a 

molecular weight of 13 kDa which is easily filtered 

by the glomeruli, and is reabsorbed and catabolized 

by the proximal tubule. T2DM with rapid renal 

progression had significantly increased levels of 

urine cystatin C. Urine cystatin C is a tubular 

marker and an independent predictor of CKD 

progression in T2DM. Serum cystatin is a 

glomerular filtration markers.  

 

Neutrophil gelatinase-associated lipocalin 

(NGAL):
27,28

 

 NGAL is 25 kDa protein of the lipocalin 

family and it is synthesized in renal tubular, 

intestinal, hepatic, and pulmonary tissue. Predicted 

the renal progression of type 2 diabetes. Increased 

in response to tubulointerstitial injury. It is secreted 

in low concentrations by the thick ascending limb 

of the renal tubule and can be measured in the 

serum and urine. Increased NGAL synthesis and 

decreased reabsorption in proximal tubular injury 

occur causing increased urinary levels. Whereas 

circulating NGAL is filtered by the glomerulus to 

be reabsorbed in the proximal tubule.  

 

Kidney injury Molecule-1 (KIM-1):
29,30,31

 

 KIM-1 is a urinary proximal tubular 

marker expressed on the apical membrane of 

proximal tubule cells. Its ectodomain is cleaved 

and released in the lumen of the tubule and finally 

appears in urine. This KIM-1 biomarker is 

undetected when the kidneys are normal, thus it 

serves as a specific and sensitive biomarker for 

proximal tubule damage. Serum and urine KIM-1 

predicted the rapid decline of GFR. Urinary KIM-1 

(uKIM-1) was higher in patients with proteinuria 

and normal renal function than in non-proteinuria 

individuals, and antiproteinuric drugs decreased 
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uKIM-1. Baseline KIM-1 in proteinuria (>500 

mg/day) patients predicted rate of eGFR loss and 

ESRD during 5–15 years of follow-up. 

 

Angiotensinogen:
32

 

 Changes in angiotensinogen could 

influence renin angiotensin aldosterone system 

(RAAS) activity. Renal angiotensinogen is formed 

primarily in Proximal tubular cells. The activated 

intrarenal RAS was involved in the progression of 

renal injury in multiple models of hypertension and 

in kidney diseases including DN, immunoglobulin 

A (IgA) nephropathy, and radiation nephropathy. 

Urinary angiotensinogen level correlates with 

intrarenal angiotensinogen levels and 

independently associated with albuminuria and 

rapid GFR decline in T2DM. Some studies 

proposed that angiotensinogen could serve as a 

potential urinary biomarker to diagnose DN. 

 

Periostin:
33

 

 Periostin, osteoblast-specific factor 2, 

firstly expressed in bone, is undetected in other 

main organs including the kidney, plays a major 

role in tissue regeneration, fibrosis and wound 

healing. It is involved in the fibrosis process and 

tissue remodeling, kidney development, and tubular 

dedifferentiation in experimental models. Urinary 

periostin levels were more significantly elevated 

among patients of normoalbuminuria, 

microalbuminuria, and macroalbuminuria. 

Predicted the renal progression of type 2 diabetes  

 

Monocyte Chemoattractant Protein-1 (MCP-

1):
34,35

 

 The infiltration of inflammatory cells in 

diseased kidneys is a hallmark of the progression of 

DN. MCP-1 as a member of the CC chemokine 

family is a major factor influencing macrophage 

accumulation. Rise in urinary MCP-1 levels 

correlates with the extent of interstitial 

inflammatory infiltrate. Urinary levels of MCP-1 

among patients with overt nephropathy were also 

more significantly elevated when compared with 

levels among patients with normal albuminuria. 

Urine MCP-1 is a glomerular and tubular marker. 

Predicted the albuminuria and renal progression of 

type 2 diabetes. 

 

Others: 

Galectin-3 (Gal-3): 

 Gal-3 is a multifunctional 29-35 kDa 

belongs member of the lectin family and widely 

distributed in lungs, stomach, intestine and 

uterus
36,37,38

. Gal-3 is produced by activated 

mononuclear and contributes to macrophage 

phagocytosis through an intracellular mechanism 

playing a pivotal role in both innate and adaptive 

immunity by contributing to phagocytic clearance 

of microorganisms and apoptotic cells
38

.  

The main biological function of Gal-3 is regulation 

of cell-cell cooperation, extracellular interactions 

during self/non-self-antigen recognition and 

cellular activation, as well as mediating 

proliferation, differentiation, migration and 

apoptosis. Elevated level of galectin-3 was found in 

diabetic patients and these increased Gal-3 

expression has been associated with renal fibrosis. 

Gal-3 is considered not only as a marker of tissue 

injury, but also as a mediator of the cell damage 

due to its pro-fibrotic and pro- inflammatory 

actions. In this context, Gal-3 could be useful for 

therapeutic targeting of individuals with T2DM
38

.  

 

Growth differentiation factor-15 (GDF-

15):
39,40,41

 

 GDF-15 belongs to the transforming 

growth factor-beta family. It was originally 

identified by Bootcov etal. in 1997 and also called 

as macrophage inhibitory cytokine-1. Metformin 

was shown to cause increased levels of GDF-15. 

This pleiotropic protein has been linked to 

inflammation, metabolism, and oncogenesis 

regulation. Poorly expressed in healthy individuals, 

this molecule is upregulated in many pathological 

conditions such as following injury, ischemia, and 

other forms of oxidative and/or metabolic stress, 

raising interest in its potential utility as a biomarker 

in human disorders. 

 

Fibroblast growth factor-23 (FGF-23):
42

 

 Fibroblast growth Factors (FGFs) are 

multifactorial proteins classified as intracrine, 

paracrine, endocrine, by their action mechanisms. 

Many tissues express FGF-23 such as bone tissue, 

bone marrow vessels, ventrolateral thalamic 

nucleus, thymus and lymph nodes. Its principle 

target is kidney. It regulates phosphate reabsorption 

and production of 1,25(OH)2D3. In the past 

decades, FGF23 has emerged as a possible marker 

and therapeutic target in several conditions. 

 

Platelet-derived growth factor (PDGF):
43

 

Platelet-derived growth factors (PDGFs) 

are synthesized by platelets (wound repair and 

angiogenesis), smooth muscle cells, activated 

macrophages and endothelial cells upon activation, 

regulate cell growth and division. The PDGF has a 
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dimeric structure and it is composed of A and B 

subunits. PDGF-B mRNA expression was 

upregulated in renal biopsies from type 2 diabetic 

patients with overt DN. However, the predictive 

value of urinary PDGF-BB for early diagnosis of 

DN is still limited. 

 

SCREENING AND PRIMARY PREVENTION 

OF DIABETIC NEPHROPATHY: 

Early detection of diabetic nephropathy can prevent 

or delay of end stage renal disease. 

• Microalbuminuria: Earliest marker of DN 

and is used for screening. Not all patients with 

microalbuminuria will progress to 

nephropathy. Albuminuria screening should be 

beginning at 5 years diabetic duration among 

patients with type 1 diabetes and at the time of 

diagnosis among patients with T2DM based on 

the clinical practice guidelines for diabetic 

kidney disease outlined by the Kidney Disease 

Outcomes Quality Initiative (KDOQI)
44

. It is a 

standard biomarker used as Glomerular 

damage markers. 20–40% of diabetic patients 

with renal impairment exhibited normal 

albuminuria. It cannot detect injury in 

tubulointerstitial region
45

. 

 

2012 kidney disease improving global outcomes (KDIGO) definition of albuminuria category
46

. 

Measure                                              A1                      A2                        A3 

Albumin excretion ratio                      <30                   30-300                   >300 

Albumin to creatinine(mg/g)              <30                   30-300                   >300 

                            Albumin to creatinine(mg/mmol)      <3                     3-30                       >30 

 

A1-Normal or mildly increased, A2-Moderate 

increased, A3-Severely increased  

• Annual urine test: Perform annual urine test 

in type 1 diabetic patients with diabetes 

duration of >5 years and in all type 2 diabetic 

patients
47

. Spot urine samples (Early morning 

urine sample) or 24 hrs urine collection are 

used
48

. To confirm the microalbuminuria or 

proteinuria, two out of three tests should be 

positive because unstable glucose control, 

intercurrent acute illnesses, symptoms of 

urinary tract infection can alter day-to-day 

albumin excretion. The rate of change of 

albuminuria over one year independently 

predicts mortality and cardiovascular events. 

• Serum creatinine: Even though serum 

creatinine is normal, it should be monitor in 

patients with high 

microalbuminuria/proteinuria. Once the serum 

creatinine is outwitting the normal reference 

range progress towards end stage renal disease 

should be monitor
46

. It is used as Glomerular 

filtration markers, Factors affecting creatinine 

generation are extremes of muscle mass, 

extremes of body size, diet and nutritional 

status: high protein diet and creatine 

supplements, muscle wasting diseases
44

. 

• Blood glucose control: Good glycemic control 

helps for effective reducing of diabetic 

microvascular complications. The blood 

glucose should be <7.5% on insulin and <6.5% 

not on insulin
47

. 

• Blood pressure control: In the United 

Kingdom Prospective Diabetes Study 

(UKPDS). The lower the blood pressure, the 

lower the risk of developing microalbuminuria. 

The upper limit of acceptable blood pressure 

has generally been agreed at 140/80 mm Hg to 

reduce cardiovascular disease mortality (CVD) 

and slow down the diabetic nephropathy 

progression
49

. 

• Smoking cessation 

Advised to stop Smoking in individuals 

with diabetes as it leads to oxidative stress, 

increased blood pressure, increased TGF- β level 

and impaired vasodilation, all of which are 

associated with the development and progression of 

diabetic nephropathy. Moreover, studies have 

shown that in smokers nephropathy progression 

increases and leads to Immunoglobulin A (IgA) 

nephropathy
50

 

 

TREATMENT:  

MULTIDISCIPLINARY TREATMENT: 

 Multidisciplinary treatment, such as blood 

glucose control, blood pressure control with RAS 

inhibitor, lipid control, and lifestyle modifications, 

significantly reduced cardiovascular events in DKD 

patients and, as a secondary endpoint, suppressed 

renal events. 

 

Blood pressure control and renin- angiotensin 

system blockade:  

 The patients with hypertension and DN 

are recommended to treated in an individualized 

manner, targeting a SBP to 130 mmHg and <130 

mmHg if tolerated, but not <120 mmHg. In older 

people (aged >65 years) the SBP goal is to a range 
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of 130-139 mmHg
51

. According to ADA First line 

antihypertensives are recommended if albuminuria 

present
52

. A RAAS blocker (ACEI or ARB) is first 

choice of drugs in the treatment of hypertension in 

patients with DN, particularly in the presence of 

proteinuria, microalbuminuria, or LVH
51

. 

Combination of ACEIs and ARBs may further 

reduce both blood pressure and proteinuria. Current 

guidelines recommend that normotensive patients 

with microalbuminuria should also be treated with 

an ACEI
16

. 

 

Glycaemia control:
53

 

 Both the DCCT [Diabetes Control and 

Complications Trial] and UKPDS [UK Prospective 

Diabetes Study] have demonstrated that intensive 

diabetes therapy can significantly reduce the risk of 

developing microalbuminuria and overt 

nephropathy in people with diabetes. Reduction in 

glucose leads to improved glomerular function. In 

the ACCORD trial (Action to Control 

Cardiovascular Risk in Diabetes) rates of 

hypoglycemia were twice as high in patients with 

CKD compared to patients without CKD. Presence 

of moderate or severe renal impairment offers 

significant challenges in the management of 

glycemic control. Insulin therapy can be used at all 

stages of CKD. Table-1 details common 

medications used in type 2 diabetes and 

recommended dose adjustments in CKD. 

 

Anaemia:
54,55

 

 Anemia is a frequent complication of DN 

develops at younger age and with greater severity. 

One in five patients with diabetes have anemia. All 

DN patients should be monitored for anemia. 

Anemia has also been shown to increase risk of 

progression of DKD by reduced oxygen delivery 

and heart failure. Treatment of anemia with iron 

replacement and erythropoietin has been shown to 

improve quality of life but overtreatment leads to 

worsened cardiovascular outcomes (heart failure 

and ischemic heart disease). Therefore, the target 

for Hb suggested by NICE is between 100 and 120 

g/l. 

 

Metabolic bone disease:
56,54

 

 Metabolic bone disease is mostly 

asymptomatic. Potential symptoms Anemia include 

pain and stiffness in joints, spontaneous tendon 

rupture, predisposition to fracture, and proximal 

muscle weakness are occurring late in the course of 

the condition. Abnormalities of parathyroid 

hormone (PTH) and vitamin D metabolism are also 

found along with abnormalities of bone disease. 

Serum calcium, phosphate and PTH should be 

monitored regularly. Persistent elevated phosphate 

levels can be treated by diet (phosphate restriction). 

Alfacalcidol may be indicated to a patient with 

hypocalcemia and raised PTH.  

 

Lipid management:  

 Statins are recommended as the first-

choice lipid lowering treatment
51

. Statin does not 

affect progression of kidney disease, but reduces 

cardiovascular disease risk in people with diabetes 

and chronic kidney disease. Therapy with a Statin 

should be considered if the LDL cholesterol is 

>100 mg/dl. The treatment goal of <100mg/dl
57

. 

High-intensity statin for all patients aged 50-70 

years with multiple CV risk factors Moderate 

intensity statin for patients aged 40-75 years 

without additional CV riskfactor
52

. 

 

Diet:
15

 

 Advised to take diet high in vegetables, 

fruits, whole grains, fiber, legumes, plant-based 

proteins, unsaturated fats, and nuts; and lower in 

processed meats, refined carbohydrates, and 

sweetened beverages. Low protein diet (0.6-0.8 

g/kg/day) was recommended to patients with 

diabetic nephropathy. Normal protein intake 

defined as 1.0-0.8g/kg/day. Dietary sodium intake 

<2300 mg/day. 

 

Exercise:
58

 

 Physical activity (>150 min/week aerobic 

activity) improves insulin sensitivity, lowers 

inflammatory markers, and improves endothelial 

function and can acutely increase urinary protein 

excretion but there is no evidence that vigorous 

exercise increases the rate of progression of 

diabetic kidney disease and likely no need for any 

specific exercise restrictions for people with DKD. 

 

Weight loss:  

 Many patients with T2DM are overweight 

or obese which increases the incidence of rate of 

progression of DN. Weight loss will not only 

improve glycemic control but also will reduce the 

risk of cardiovascular disease. The national kidney 

foundation (NKF) recommends target BMI of 18.5-

24.9 for patients with diabetes and CKD. 

 

PHARMACOLOGICAL TREATMENT: 

Here we divided pharmacological treatment into 

Newly approved, Drugs in phase III clinical trials 

and Potential drugs required further validations
59

. 
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Newly approved drugs: 

Sodium-glucose co-transporter 2 (SGLT2) 

Inhibitors: Empagliflozin, Canagliflozin, 

Dapagliflozin 

 Sodium-dependent glucose co-transporters 

(SGLT) are found in the intestinal mucosa of the 

small intestine (SGLT1) and the proximal tubules 

(SGLT1 and SGLT2) of the nephrons
60

. SGLT2 

inhibitors have emerged as a novel class of 

medications for the treatment of type 2 DM
57

, 

inhibit proximal tubular glucose reabsorption and 

promote urinary glucose excretion, resulting in 

hypoglycemia. Treatment with an SGLT2 inhibitor 

is associated with a lower risk of renal endpoints 

and is recommended if eGFR is 30 to <90 

mL/min/1.73 m2 and in patients with T2DM and 

CVD, or at very high/high CV risk, to reduce CV 

events
51

. The adverse effects caused by SGLT2 are 

fatigue, hypoglycemia, increased urine output, 

increased hematocrit, and mycotic genital or 

urinary tract infections
60

. 

 

SGLT2 inhibitor  Dose Kidney function eligible for 

inclusion in pivotal randomized 

trials  

Dosing approved by the US FDA  

Canagliflozin 100–

300mg 

once 

daily  

CANVAS: eGFR≥30ml/min per 

1.73m
2

 

CREDENCE: eGFR 30–90ml/min 

per 1.73m
2 

 

No dose adjustment if eGFR >60 

ml/min per 1.73m
2                                   

100 mg daily if eGFR 30–59 ml/min 

per 1.73m
2                                      

Avoid initiation with eGFR <30 

ml/min per 1.73m
2
,          discontinue 

when initiating dialysis  

Dapagliflozin  5–

10mg 

once 

daily  

DECLARE-TIMI 58: CrCl 

≥60ml/min DAPA-HF: eGFR ≥30 

ml/min 

per 1.73m
2

 

DAPA-CKD: eGFR 25–75 ml/min 

per 1.73m
2 

 

No dose adjustment if eGFR ≥45 

ml/min per 1.73m
2                                    

Not recommended with eGFR <45 

ml/min per 1.73m
2     

Contraindicated with eGFR <30 

ml/min per 1.73m
2 

 

Empagliflozin  10–

25mg 

once 

daily  

EMPA-REG: eGFR≥30ml/min per 

1.73m
2

 

EMPA-KIDNEY: eGFR 20–

90ml/min per 1.73m
2 

EMPEROR-

Reduced: eGFR≥20ml/min per 

1.73m
2 

 

No dose adjustment if eGFR≥45 

ml/min per 1.73m
2                              

Avoid use, discontinue with eGFR 

persistently <45 ml/min per 1.73m
2 

 

Table 1 : SGLT2i with established kidney and cardiovascular benefits and dose adjustments as approved by the 

US FDA 
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Promising drugs in phase III clinical trials  

Glucagon-like peptide 1 receptor agonists (GLP-

1RAs): Liraglutide, Semaglutide  

 Treatment with the GLP1-RAs is 

associated with a lower risk of renal endpoints, and 

should be considered for DN treatment if eGFR is 

>30 mL/min/1.73m2
60

. The inhibition of oxidative 

stress, inflammation, fibrosis, and induction of 

natriuresis have been mainly implicated as 

mechanisms underlying the attenuation of DKD. 

GLP-1RAs have beneficial effects on renal 

outcomes, especially in patients with T2D who are 

at high risk for CVD
61

.  

 

GLP-1 RA  Dose  CKD adjustment  

Dulaglutide  0.75mg and 1.5mg once weekly  No dosage adjustment 

Use with eGFR >15ml/min per 

1.73m
2 

 

Exenatide  

Exenatide extended-release  

10μg twice daily 

2mg once weekly  

Use with CrCl >30ml/min  

Liraglutide  0.6mg, 1.2mg, and 1.8mg once 

daily  

No dosage adjustment Limited 

data for severe CKD  

Lixisenatide  10μg and 20μg once daily  No dosage adjustment Limited 

data for severe CKD  

Semaglutide(injection)  

Semaglutide(oral)  

0.5mg and 1mg once weekly  

3mg, 7mg, or 14mg daily  

No dosage adjustment Limited 

data for severe CKD  

 

Table 2: Dosing for available GLP-1 RA and dose modification for CKD. CKD, chronic kidney disease; CrCl, 

creatinine clearance; eGFR, estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor 

agonist. 

 

Endothelin-1 receptor A antagonist (ET-1): 

Avosentan, Atrasentan  

 ET-1 system is complicated, consisting of 

a converting enzyme and two active receptors 

(ETA-R, ETB-R) and can exerts several 

physiological effects, (control of water and sodium 

homeostasis). Plasma ET-1 Levels are increased in 

diabetic patients also increased by the aging 

process, growth factors, inflammatory cytokines, 

and proteinuria which contribute to endothelial 

dysfunction. It is certified that endothelin receptor 

(ER) antagonists could reduce albuminuria in 

patients with DN
62

. Safe at low dosages. These are 

contraindicated during pregnancy. The adverse 

effect among ET blockers is fluid retention (most 

common), hepatotoxicity (specific side effects) and 

Testicular toxicity (rare but serious)
63

.  

Mineralocorticoid Receptor Antagonists: 

Apararenone (MT-3995), Esaxerenone, 

Finerenone  

 The main physiological mineralocorticoid 

(steroid hormones) is aldosterone, synthesized in 

the outer layer of the adrenal gland in response to 

hyponatremia and hyperkalemia, through the 

activation of the renin–angiotensin system
64

. 

Hyperkalemia, gynecomastia and vaginal bleeding 

are the common side-effects
65

. The MRAs 

spironolactone and eplerenone increase the risk of 

hyperkalemia so finerenone is recommended in 

Patients with CKD and heart failure
66

. 

Antifibrotic Agents: Pirfenidone, 

Pentoxifylline
15 

 

 Pirfenidone inhibits Transforming growth 

factor beta (TGF-β) production and Transforming 

growth factor alpha(TNF-α) production. The exact 

mechanism of action is unclear. In a small 

randomized trial of 77 type 1 and 2 diabetics with 

established DN, pirfenidone at 1,200 mg/day for 1-

year improved eGFR from baseline compared to 

placebo whereas at higher dose of 2,400 mg/day 
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did not demonstrate a similar benefit and the 

dropout rate was high. Pirfenidone did not lower 

albuminuria.  

 Other drugs which require further 

validation are Anti-Advance Glycation end 

products (Pyridoxamine), Nuclear factor erythroid 

2-related factor 2(Bardoxolone methyl), JAK-

STAT inhibitor (Baricitinib), Nox1/4 inhibitor 

(GKT137831 APX-115), Inhibitor of chemokines 

cytokines (NOX-E36) 

 

II. CONCLUSION: 
 Diabetes is the common cause for DN and 

ESRD. DN is asymptomatic initially so early 

screening helps us to prevent ESRD. There is a 

need to develop new biomarkers for DN. The main 

treatment involves blood pressure control, 

glycemic control and lifestyle modifications. 

 

ACKNOWLEDGEMENT:I am very thankful to 

A. Santhosh Kumar and all my co-authors for the 

assistance in obtaining the literature work. 

 

CONFLICTS OF INTEREST: There is no 

potential conflict of interests among the authors. 

 

REFERENCE: 
[1]. Zihan Zheng, Feng Zheng, "Immune Cells 

and Inflammation in Diabetic Nephropathy", 

Journal of Diabetes Research, 

2016;1841690:1-10. 

[2]. Jorge L. Gross, Mirela J. de Azevedo, 

Sandra P. Silveiro, Luís Henrique Canani, 

Maria Luiza Caramori, and Themis 

Zelmanovitz, "Diabetic Nephropathy: 

Diagnosis, Prevention, and Treatment", 

Diabetes Care, 2005;28:176–188. 

[3]. Sulaiman, M.K, "Diabetic nephropathy: 

recent advances in pathophysiology and 

challenges in dietary management‖, Diabetol 

Metab Syndr, 2019;11(7):1-5. 

[4]. Thijs W. Cohen Tervaert, Antien L. 

Mooyaart, Kerstin Amann, Arthur H. Cohen, 

H. Terence Cook, Cinthia B. Drachenberg, 

Franco Ferrario, Agnes B. Fogo, Mark Haas, 

Emile de Heer, Kensuke Joh, Laure H. Noël, 

Jai Radhakrishnan, Surya V. Seshan, 

Ingeborg M. Bajema, Jan A. Bruijn and on 

behalf of the Renal Pathology Society, 

Pathologic Classification of Diabetic 

Nephropathy, JASN, 2010;21(4):556-563. 

[5]. Masaomi Nangaku, "Chronic Hypoxia and 

Tubulointerstitial Injury: A Final Common 

Pathway to End-Stage Renal Failure‖, 

JASN, 2006;17(1):17-25. 

[6]. Bessho, R, Takiyama, Y, Takiyama, T, 

"Hypoxia-inducible factor-1α is the 

therapeutic target of the SGLT2 inhibitor for 

diabetic nephropathy‖, Sci Rep, 

2019;9:14754.  

[7]. Radovan Hojs*, Robert Ekart, Sebastjan 

Bevc and Nina Hojs, "Biomarkers of Renal 

Disease and Progression in Patients with 

Diabetes",  J. Clin. Med, 2015;4:1010-1024. 

[8]. Jiang-Wen Liu, Dan Liu, Ke-Zhen Cui, Ying 

Xu, Yan-Bo Li, Yan-Ming Sun, Ying Su, 

"Recent advances in understanding the 

biochemical and molecular mechanism of 

diabetic cardiomyopathy", Biochemical and 

Biophysical Research Communications, 

2012;427(3): 441-443. 

[9]. Ahmad J, "Management of Diabetic 

Nephropathy: Recent Progress and Future 

Perspective", Diabetes and Metabolic 

Syndrome: Clinical Research and Reviews 

2015;9(4):343-358.  

[10]. George L. Bakris, "Recognition, 

Pathogenesis, and Treatment of Different 

Stages of Nephropathy in Patients With 

Type 2 Diabetes Mellitus", mayo clini Proc, 

2011;86(5):444-456. 

[11]. Xin-Xin Zhang, Jun Kong, Ke Yun, 

"Prevalence of Diabetic Nephropathy among 

Patients with Type 2 Diabetes Mellitus in 

China: A Meta-Analysis of Observational 

Studies", Journal of Diabetes Research, 

2020;2020:1-11. 

[12]. Chandar Bafna, Neha Nalwaya Bafna, 

Monica Jain, "Assessment of diabetic 

nephropathy in type II diabetes mellitus 

subjects via evaluation of serum creatinine 

levels, creatinine clearance and 

microalbuminuria in central indian 

population", International Journal of Health 

and Clinical Research, 2021;4(11):17-19. 

[13]. Salman Hussain, Mohammad Chand Jamali, 

Anwar Habib

∗

, Md Sarfaraj Hussain, Mohd 

Akhtar, Abul Kalam Najmi, "Diabetic 

kidney disease: An overview of prevalence, 

risk factors, and biomarkers", Clinical 

Epidemiology and Global Health, 

2021;9(2213-3984):2-6. 

[14]. Philip McFarlane, David Cherney, Richard 

E. Gilbert, Peter Senior, "Chronic Kidney 

Disease in Diabetes", Clinical Practice 

Guidelines, 2018;42(1):S201-S209. 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 581-593 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604581593       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 591 

[15]. Andy KH Lim, "Diabetic nephropathy – 

complications  and treatment", Int J Nephrol 

Renovasc Dis, 2014;7:361–381. 

[16]. Emma C Wylie and Simon C Satchell, 

"Diabetic nephropathy", Clin Med, 

2012;12(5):480-482 

[17]. Espen Nordheim, Trond Geir Jenseen, 

"Chronic kidney disease in patients with 

diabetes mellitus", 2021;10(5):R151–R159 

[18]. Umanath K, Lewis JB, "Update on diabetic 

nephropathy: core curriculum 2018‖, 

American Journal of Kidney Diseases, 

2018;71:884–895. 

[19]. Plutzky J, Viberti G, Haffner S, 

"Atherosclerosis in type 2 diabetes mellitus 

and insulin resistance: mechanistic links and 

therapeutic targets", J Diabetes 

Complications, 2002;16:401-415. 

[20]. Olugbenga E. Ayodele, C. Olutayo 

Alebiosu, Babatunde L. Salako, "Diabetic 

nephropathy— a review of the natural 

history, burden, risk factors and treatment", 

2004;96(11):1445-1454. 

[21]. C E Mogensen, C K Christensen and E 

Vittinghus, "The Stages in Diabetic Renal 

Disease: With Emphasis on the Stage of 

Incipient Diabetic Nephropathy", American 

diabetes association, 1983;32(2):64-78. 

[22]. P.B.Vinod*, "Pathophysiology of diabetic 

nephropathy", Clinical queries: 

Nephropathy, 2012;(2211-9477):121-126. 

[23]. Hostetter TH, "Hyperfiltration 

glomerulosclerosis", Semin nephrol, 

2013;23(2):194-199. 

[24]. Jonatan Barrera-Chimal, Frédéric Jaisser, 

"Pathophysiologic mechanisms in diabetic 

kidney disease: A focus on current and 

future therapeutic targets", Diabetes Obes 

Metab, 2020;22:16–31. 

[25]. S.S.Kim, S.H.Song, I.J.Kim, "Urinary 

cystatin C and tubular proteinuria predict 

progression of diabetic nephropathy", 

Diabetes Care, 2013;36(3):656–661. 

[26]. B. Satirapoj, K. Aramsaowapak, T. 

Tangwonglert, and O. Supasyndh, "Novel 

tubular biomarkers predict renal progression 

in type 2 diabetes mellitus: a prospective 

cohort study‖, Journal of Diabetes Research, 

2016;2016(3102962):1-9. 

[27]. Omkolsoum Mohamed Alhaddad, Ayman 

Alsebaey, Mohamed Omar Amer, Hala 

Hany El-Said, Tary Abdel Hamid Salman, 

"Neutrophil Gelatinase-Associated 

Lipocalin: A New Marker of Renal Function 

in C-Related End Stage Liver Disease", 

Gastroenterology Research and Practice, 

2015;2015(815484):1-6. 

[28]. D. Bolignano, A. Lacquaniti, G. Coppolino 

et al., "Neutrophil gelatinase-associated 

lipocalin (NGAL) and progression of 

chronic kidney disease", Clinical Journal of 

the American Society of Nephrology, 

2009;4(2):337–344. 

[29]. H. J. Bangstad, I. Seljeflot, T. J. Berg, and 

K. F. Hanssen, "Renal tubulointerstitial 

expansion is associated with endothelial 

dysfunction and inflammation in type 1 

diabetes" Scandinavian Journal of Clinical 

and Laboratory Investigation, 

2009;69(1):138–144. 

[30]. S. E. Nielsen, H. Reinhard, D. Zdunek et al., 

"Tubular markers are associated with decline 

in kidney function in proteinuric type 2 

diabetic patients," Diabetes Research and 

Clinical Practice, 2012;97(1):71–76. 

[31]. Castillo-Rodriguez E, Fernandez-Prado R, 

Martin-Cleary C, Pizarro-Sánchez, Sanchez-

Niño, Sanz, Fernandez-Fernandez B, Ortiz 

A, "Kidney Injury Marker 1 and Neutrophil 

Gelatinase-Associated Lipocalin in Chronic 

Kidney Disease", Nephron, 2017;136:263-

267. 

[32]. S. S. Kim, S. H. Song, I. J. Kim et al., 

"Clinical implication of urinary tubular 

markers in the early stage of nephropathy 

with type 2 diabetic patients," Diabetes 

Research and Clinical Practice, 

2012;97(2):251–257. 

[33]. B. Satirapoj, Y. Wang, M. P. Chamberlin, 

"Periostin: novel tissue and urinary 

biomarker of progressive renal injury 

induces a coordinated mesenchymal 

phenotype in tubular cells," Nephrology 

Dialysis Transplantation, 2012;27(7):2702–

2711. 

[34]. T. Wada, K. Furuichi, N. Sakai et al., "Up-

regulation of monocyte chemoattractant 

protein-1 in tubulointerstitial lesions of 

human diabetic nephropathy," Kidney 

International, 2000;58(4):1492–1499. 

[35]. N. Banba, T. Nakamura, M. Matsumura, H. 

Kuroda, Y. Hattori, and K. Kasai, "Possible 

relationship of monocyte chemoattractant 

protein-1 with diabetic nephropathy," 

Kidney International, 2000;58(2):684–690. 

[36]. Hodeib H, Hagras MM, Abdelhai D, Watany 

MM, Selim A, Tawfik MA, Elsebaey MA, 

Elshweikh SA, "Galectin-3 as a prognostic 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 581-593 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604581593       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 592 

biomarker for diabetic nephropathy" 

Diabetes Metab Syndr Obes, 2019;12:325-

331. 

[37]. Bobronnikova L, "Galectin-3 as a potential 

biomarker of metabolic disorders and 

cardiovascular remodeling in patients with 

hypertension and type 2 diabetes," Vessel 

Plus, 2017;1:61-67. 

[38]. Berezin A, "The Rationality to Use of 

Galectin-3 as Target in Biomarker-Guided 

Therapy of Type 2 Diabetes Mellitus," 

Endocrinol Metab Syndr, 2016;5(1):1-3. 

[39]. Chung, J.O., Park, SY., Cho, D.H, 

"Relationship between plasma growth 

differentiation factor-15 levels and diabetic 

retinopathy in individuals with type 2 

diabetes," Sci Rep, 2020;10:20568. 

[40]. Hjordis Thorsteinsdottir, Cathrin Lytomt 

Salvador, Geir Mjøen, Anine Lie, Meryam 

Sugulle, Camilla Tøndel, Atle Brun, Runar 

Almaas, Anna Bjerre, "Growth 

Differentiation Factor 15 in Children with 

Chronic Kidney Disease and after Renal 

Transplantation", Disease Markers, 

2020;2020(6162892):1-8. 

[41]. Marina de Cos Gomez*, Adalberto Benito 

Hernandez, Maria Teresa Garcia Unzueta, 

Jaime Mazon Ruiz, Covadonga Lopez del 

Moral Cuesta, Jose Luis Perez Canga, David 

San Segundo Arribas, Rosalia Valero San 

Cecilio, Juan Carlos Ruiz San Millan
 
and 

Emilio Rodrigo Calabia,
 

"Growth 

Differentiation Factor 15: A Biomarker with 

High Clinical Potential in the Evaluation of 

Kidney Transplant Candidates,"  J. Clin. 

Med, 2020;9(4112);1-12. 

[42]. Myrou, Athena & Aslanidis, Theodoros & 

Didangelos, Triantafyllos & Savopoulos, 

Christos & Chatzitolios, Apostolos & 

Grekas, Dimitrios, "Fibroblast Growth 

Factor 23 Can Serve as an Early Biomarker 

of Type 2 Diabetic Nephropathy 

Progression," European Journal of Medicine, 

2019;7:114-119.  

[43]. Ryan McMillan, Leonidas Skiadopoulos, 

Debra Hoppensteadt, Nil Guler, Vinod 

Bansal, Ravipresenna Parasuraman, and 

Jawed Fareed, "Biomarkers of Endothelial, 

Renal, and Platelet Dysfunction in Stage 5 

Chronic Kidney Disease Hemodialysis 

Patients With Heart Failure, ― Clinical and 

Applied Thrombosis/Hemostasis, 

2018;24(2):235–240. 

[44]. National Kidney Foundation, "KDOQI 

clinical practice guideline for diabetes and 

CKD: 2012 update," American Journal of 

Kidney Diseases, 2012;60(5):850–886. 

[45]. P. Fioretto, M. W. Steffes, and M. Mauer, 

"Glomerular structure in nonproteinuric 

IDDM patients with various levels of 

albuminuria," Diabetes, 1994;43(11):1358–

1364. 

[46]. Nicholas M Selby, Maarten W Taal, "An 

updated overview of diabetic nephropathy: 

Diagnosis, prognosis, treatment goals and 

latest guidelines," Diabetes obesity and 

metabolism, 2020;22(S1):3-15 

[47]. Standards of Medical care in Diabetes, 

American diabetes association, Diabetes 

care, 2014;37(1):S14-S80 

[48]. S M Marshall, "Recent advances in diabetic 

nephropathy", Postgrad Med J, 

2014;80(949):624-633. 

[49]. Skolnik, N.S., Style, A.J. "Importance of 

Early Screening and Diagnosis of Chronic 

Kidney Disease in Patients with Type 2 

Diabetes" Diabetes Ther, 2021;12:1613–

1630 

[50]. Jayesh B. Dhodi, Snehal N. Mestry, Archana 

R. Juvekar*, "Diabetic nephropathy - 

Genesis, Prevention and Treatment," Int J 

Pharm Pharm Sci, 2014;6(9):42-47. 

[51]. Cosentino F, Grant PJ, Aboyans V, "2019 

ESC guidelines on diabetes, pre-diabetes, 

and cardiovascular diseases developed in 

collaboration with the EASD: the task force 

for diabetes, pre-diabetes, and 

cardiovascular diseases of the European 

Society of Cardiology (ESC) and the 

European Association for the Study of 

Diabetes (EASD)," Eur Heart 

J,2020;41(2):255-323. 

[52]. American Diabetes Association. 

"Microvascular complications and foot care: 

standards of medical care in diabetes—

2019," Diabetes Care, 2019;42(1):S124-

S138. 

[53]. Diabetes Control and Complications Trial 

Research Group (1993) The effect of 

intensive treatment of diabetes on the 

development and progression of long-term 

complications in insulin-dependent diabetes 

mellitus, N Engl J Med, 1993;329(14):977–

986. 

[54]. Sagen Zac-Varghese, Peter Winocour, 

"Managing diabetic kidney disease," British 

Medical Bulletin, 2018;125(1):55–66. 



 

 
International Journal of Pharmaceutical Research and Applications 

Volume 6, Issue 4 July-Aug 2021, pp: 581-593 www.ijprajournal.com   ISSN: 2249-7781 

                                      

 

 

 

DOI: 10.35629/7781-0604581593       | Impact Factor value 7.429   | ISO 9001: 2008 Certified Journal Page 593 

[55]. "National Institute for Health and Care 

Excellence Chronic Kidney Disease: 

Managing Anaemia". 2015, NICE guideline 

NG8. 

[56]. Bhandari Aditya, Katie Bennett, "An 

overview of diabetic nephropathy: 

Epidemiology, pathophysiology and 

treatment," Journal of diabetes nursing,  

2015;19(2):61. 

[57]. Raimund Pichler, Maryam Afkarian, 

Diabetic Kidney Disease: General 

management [internet]: Renal and Urology 

news [date unknown]. Available form: 

https://www.renalandurologynews.com/hom

e/decision-support-in-medicine/nephrology-

hypertension/diabetic-kidney-disease-

general-management/ 

[58]. Nezu U, Kamiyama H, Kondo Y, Sakuma 

M, Morimoto T, Ueda S, "Effect of low-

protein diet on kidney function in diabetic 

nephropathy: meta-analysis of randomised 

controlled trials‖, BMJ 

Open, 2013;3(5):e002934.  

[59]. Ya Chen
, 

Kyung Lee
, 

Zhaohui Ni
, 

John 

Cijiang He, "Diabetic Kidney Disease: 

Challenges, Advances, and Opportunities," 

Kidney Dis, 2020;6:215–225. 

[60]. Dilip Gude, "Red carpeting the newer 

antidiabetics," J Pharmacol Pharmacother. 

2012;3(2):127–131.  

[61]. Daiji Kawanami, Yuichi Takashi, "GLP-1 

Receptor Agonists in Diabetic Kidney 

Disease: From Clinical Outcomes to 

Mechanisms", Front. Pharmacol, 

2020;11(967):1-9. 

[62]. Li Zhang, Shuai Xue, Jie Hou, Guang Chen, 

and Zhong-Gao Xu, "Endothelin receptor 

antagonists for the treatment of diabetic 

nephropathy: A meta-analysis and 

systematic review",  World J Diabetes, 

2020;11(11):553–566. 

[63]. Raina R, Chauvin A, Chakraborty R, "The 

Role of Endothelin and Endothelin 

Antagonists in Chronic Kidney Disease", 

Kidney Dis (Basel), 2020;6(1):22-34. 

[64]. Vodošek Hojs N, Bevc S, Ekart R, Piko N, 

Petreski T, Hojs R, "Mineralocorticoid 

Receptor Antagonists in Diabetic Kidney 

Disease", Pharmaceuticals (Basel), 

2021;14(6):561.  

[65]. Luxitaa Goenka, Raghavan Padmanaban

 

and 

Melvin George, "The Ascent of 

Mineralocorticoid Receptor Antagonists in 

Diabetic Nephropathy," Current Clinical 

Pharmacology, 2019;14:78-83. 

[66]. Kim MK, "Treatment of diabetic kidney 

disease: current and future targets," Korean J 

Intern Med, 2017;32(4):622-630.  

https://www.renalandurologynews.com/home/decision-support-in-medicine/nephrology-hypertension/diabetic-kidney-disease-general-management/
https://www.renalandurologynews.com/home/decision-support-in-medicine/nephrology-hypertension/diabetic-kidney-disease-general-management/
https://www.renalandurologynews.com/home/decision-support-in-medicine/nephrology-hypertension/diabetic-kidney-disease-general-management/
https://www.renalandurologynews.com/home/decision-support-in-medicine/nephrology-hypertension/diabetic-kidney-disease-general-management/

