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ABSTRACT: 

Diabetic nephropathy is a progressive kidney disease associated with diabetes mellitus – type 1 and type 2 

– affecting kidney glomeruli, arterioles, tubules and the interstitium. Clinical features include 

macroalbuminuria and a reduction in glomerular filtration rate that may lead to end-stage renal disease, 

requiring dialysis or kidney transplantation. It increases the risk of death, mainly from cardiovascular causes, 

and is defined by increased urinary albumin excretion (UAE) in the absence of other renal diseases. This 

complication reflects a complex pathophysiology, whereby various genetic and environmental factors 

determine susceptibility and progression to end-stage renal disease. DN should be considered in patients with 

type 1 diabetes for at least 10 years who have microalbuminuria and diabetic retinopathy, as well as in patients 

with type 1 or type 2 diabetes with macroalbuminuria in whom other causes for proteinuria are absent. In 

clinical practice, some individuals with diabetes mellitus do not progress to DND even if their blood glucose 

is not strictly controlled, or they are not so easily to progress from diabetic nephropathy (DN) into ESRD. 

However, some individuals are inevitable to progress into ESRD with perfect blood glucose. This review will 

shed light on the pathophysiology, screening, and diagnosis of DN. It will also discuss the treatment and 

prevention of diabetic nephropathy, with a specific focus on comparing the mechanisms, safety profiles, and 

efficacy of the different antihyperglycemic and other medications.  
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INTRODUCTION 

Nephropathy is a broad medical term used to denote disease or damage of the kidney, which can eventually 

result in kidney failure. The primary and most obvious functions of the kidney are to excrete any waste 

products and to regulate the water and acid-base balance of the body – therefore loss of kidney function is a 

potentially fatal condition. 

Diabetic nephropathy (DN) or diabetic kidney disease is a syndrome characterized by the presence of 

pathological quantities of urine albumin excretion, diabetic glomerular lesions, and loss of glomerular 
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filtration rate (GFR) in diabetics. Diabetes may be classified as type 1 (autoimmune β-cell destruction and 

absolute insulin deficiency), type 2 (relative insulin deficiency and resistance), and other types (eg, pancreatic 

disease). 

Diabetic nephropathy is now the single commonest cause of end stage renal failure worldwide and is 

acknowledged as an independent risk factor for cardiovascular disease. In many countries, the majority of 

diabetic patients starting renal replacement therapy now have type 2 rather than type 1 diabetes.  

EPIDEOMOLOGY  

The diabetes epidemic has resulted in DN becoming the most frequent cause of end-stage renal disease 

(ESRD) in most countries. In 2009–2011, diabetes was the primary cause of ESRD in about 60% of patients 

in Malaysia, Mexico, and Singapore. Countries with an ESRD incidence of 40%–50% include Israel, Korea, 

Hong Kong, Taiwan, Philippines, Japan, the US, and New Zealand. The incidence of ESRD due to diabetes 

also rises in the older age group. In 2011, the incident rates of ESRD due to diabetes in the US were 44, 266, 

and 584 per million for the age groups 20–44, 45–64, and 65–74 years, respectively. A similar finding was 

noted in the AusDiab study of 11,247 diabetic Australians. Thus, the reason for this boom in diabetes-

associated ESRD is the increasing prevalence of diabetes and the aging population. 

RISK FACTORS   

Not all diabetics develop DN and in those who do, progression is variable. The main modifiable risks are 

hypertension, glycemic control, and dyslipidemia. The main unmodifiable risks are age, race, and genetic 

profile. Certain racial groups are also at higher risk, such as African Americans, Mexican Americans, and 

Pima Indians. One study suggested that males had an increased risk of DN 

DN risk factors can conceptually be classified as susceptibility factors (e.g., age, sex, race/ethnicity, and 

family history), initiation factors (e.g., hyperglycemia and AKI), and progression factors (e.g., hypertension, 

dietary factors, and obesity) (Table 1). Two of the most prominent established risk factors are hyperglycemia 

and hypertension. 

Table 1. Risk factors for diabetic kidney disease 

Risk Factor Susceptibility Initiation Progression 

Demographic 

   
Older age  + 

  
Sex (men)  + 

  
Race/ethnicity (black, American Indian, 

Hispanic, Asian/Pacific Islanders)  + 

 

+ 
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Risk Factor Susceptibility Initiation Progression 

Hereditary 

   
Family history of DKD  + 

  
Genetic kidney disease  

 

+ 

 
Systemic conditions 

   
Hyperglycemia  + + + 

Obesity  + + + 

Hypertension  + 

 

+ 

Kidney injuries 

   
AKI  

 

+ + 

Toxins  

 

+ + 

Smoking  + 

 

+ 

Dietary factors + 

 

+ 

High protein intake  + 

 

+ 

 

PATHOGENESIS 

Pathology and pathophysiology 

Diabetes leads to progressive structural alterations of the kidneys including extracellular matrix (ECM) 

accumulation in the mesangium, glomerular basement membrane, and tubulointerstitial tissue. The 

pathophysiology of diabetic nephropathy is complex and multifactorial. DN is characterized by structural and 

functional changes. In glomeruli, there is mesangial expansion, thickening of the basement membrane, and, 

characteristically, nodular glomerulosclerosis (Kimmelstiel–Wilson nodules). In early DN, tubular 

hypertrophy is present but eventually interstitial fibrosis with tubular atrophy develops, along with arteriolar 

hyalinosis. In advanced cases, there is an infiltrate of macrophages and T-lymphocytes. Ultrastructurally, there 

is podocyte loss and reduced endothelial cell fenestration.  

Functionally, there is early glomerular hyperfiltration and increased albumin excretion; and with advancing 

nephropathy, increasing proteinuria and declining GFR. A brief description of the functional and cellular 
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pathology is provided below. Although it is conceptually easier to describe these pathways individually, these 

pathways overlap and interact with one another in vivo, and enhance one another’s biophysiological effects 

(Figure 1). 

            

                     Figure 1. Overview of the pathological pathways in diabetic nephropathy. 

 

Notes: In the diabetic milieu, metabolic derangements and hemodynamic alterations, particularly activation of 

the renin–angiotensin system, trigger a number of cell signaling cascades, including the MAPKs (p38 and 

JNK) and PKC-β, which mediate a cellular response through activation of key transcription factors such as 

NF-κB. In response to such signals, renal cells such as tubular epithelial cells, podocytes, and mesangial cells 

can produce chemokines, growth factors, and profibrotic cytokines. CSF-1 and MCP-1 function as 

chemotactic molecules and promote the recruitment of monocytes from the circulation. Upregulation of 

ICAM-1 on endothelial cells – a key leukocyte adhesion molecule – facilitates infiltration of circulating 

mononuclear cells into the kidney. CSF-1 also promotes monocyte/macrophage differentiation, proliferation, 

and activation. MIF functions to retain macrophages at sites of inflammation and has counter-regulatory 

functions against the anti-inflammatory actions of glucocorticoids. Activated macrophages can produce 

proinflammatory and profibrotic cytokines, reactive oxygen species, and antiangiogenic factors and contribute 

to a cycle of inflammation, oxidative stress, cellular injury, progressive fibrosis, and loss of glomerular 

filtration rate. Podocyte loss, endothelial dysfunction, alterations in the GBM, and tubular injury contribute to 

increasing proteinuria during the development and progression of diabetic nephropathy. 

Abbreviations: AGE, advanced glycation end-products; GBM, glomerular basement membrane; GFR, 
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glomerular filtration rate; Mac, macrophages; Mon, monocyte; NOS, nitric oxide synthase; ROS, reactive 

oxygen species. 

Hemodynamic factors 

There is an imbalance in afferent and efferent arteriolar resistance, resulting in increased glomerular 

hydrostatic pressure and hyperfiltration. Activation of the renin–angiotensin system (RAS) increases 

angiotensin II levels, leading to efferent arteriolar vasoconstriction and production of proinflammatory and 

profibrotic molecules through multiple mechanisms. High angiotensin converting enzyme (ACE) levels are 

associated with greater albuminuria and nephropathy in diabetic mice and humans. Increased levels of 

endothelin-1 and urotensin II also contribute to vasoconstriction. Various dysregulation of nitric oxide and 

nitric oxide synthase has been described in DN. Nitric oxide mediates endothelium-dependent vasodilatation, 

and is formed from L-arginine by endothelial nitric oxide synthase. Diabetic endothelial nitric oxide synthase 

knockout mice develop more severe glomerular lesions and proteinuria compared to wild-type mice. 

 Metabolic factors 

Oxidative stress and generation of reactive oxygen species (ROS) damage DNA and protein, or function as 

signaling amplifiers to activate cellular stress pathways such as PKC, MAPK, and NF-κB. Activation of the 

polyol pathway, with aldose reductase converting excess glucose to sorbitol, and subsequent conversion to 

fructose by sorbitol dehydrogenase contributes to oxidative stress by increasing the NADH/NAD+ ratio. A 

recently described novel mechanism of injury also involves endogenous fructose production with activation of 

fructokinase in the proximal tubule. The formation of advanced glycation end-products (AGE) by 

nonenzymatic binding of glucose to proteins, lipids, and nucleic acids can lead to alteration of protein 

structure and function, oxidative stress, and expression of proinflammatory cytokines and growth factors. 

Growth factors / cytokines 

Activation of TGF-β and its downstream cytokine, CTGF, induce extracellular matrix formation and fibrosis. 

In kidney biopsies, glomerular expression of TGF-β1 and CTGF were higher in diabetics compared to 

controls, and correlated with albuminuria. PDGF expression is also increased in DN, which can modulate 

chemotaxis, vascular tone, and platelet aggregation. VEGF is crucial in angiogenesis but also mediates 

vasodilatation and leukocyte trafficking in DN. 

Cell signaling and transcription factors 

Increased renal gene transcription of PKC-β showed a strong relationship with glycemic control. PKC 

activation has wide ranging effects, including enhancing angiotensin II actions, nitric oxide dysregulation, 

endothelial dysfunction, and activation of MAPK and NF-κB. MAPKs are intracellular kinases which 

integrate cell signaling into cellular responses. MAPKs activate a number of nuclear transcription factors, 

including NF-κB, which then regulates the gene expression of various cytokines, chemokines, and adhesion 
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molecules. The activation of p38α isoform of the p38 MAPK pathway is most strongly associated with renal 

inflammation and DN. There may also be a role for toll-like receptors (TLR2, TLR4) and B7-1 costimulatory 

signaling in modulating inflammation and injury in DN. Finally, transcription factors bind to the promoter 

regions of genes and modulate transcription of messenger RNA. NF-κB has been the best studied in DN. 

Activation of NF-κB in both human peripheral blood mononuclear cells and kidney biopsies correlate with 

severity of proteinuria and glycemic control.   

Inflammation 

In DN, there is recruitment and activation of innate immune cells and elaboration of proinflammatory 

cytokines. Macrophages and T-lymphocytes are prominent in early diabetic glomeruli while an interstitial 

infiltrate develops later. Strategies impairing kidney leukocyte recruitment, proliferation, or activation have 

demonstrated that macrophages mediate DN. In humans, kidney macrophage accumulation is associated with 

the severity of glomerulosclerosis. Accumulation of interstitial macrophages correlated strongly with 

proteinuria, interstitial fibrosis and GFR decline. 

DIAGNOSIS 

The clinical diagnosis of DN is on the basis of measurement of eGFR and albuminuria along with clinical 

features, such as diabetes duration and presence of diabetic retinopathy. DN is identified clinically by 

persistently high urinary albumin-to-creatinine ratio ≥30 mg/g and/or sustained reduction in eGFR below 60 

ml/min per 1.73 m2. Screening for DN should be performed annually for patients with DM1 beginning 5 years 

after diagnosis and annually for all patients with DM2 beginning at the time of diagnosis. In patients with 

albuminuria, the presence of diabetic retinopathy is strongly suggestive of DN. The preferred test for 

albuminuria is a urinary albumin-to-creatinine ratio performed on a spot sample, preferably in the morning. 

The eGFR is calculated from the serum creatinine concentration. Although the Chronic Kidney Disease-

Epidemiologic Prognosis Initiative equation is more accurate, particularly at eGFR levels in the normal or 

near-normal range, the Modification of Diet in Renal Disease equation is typically reported by clinical 

laboratories. Confirmation of albuminuria or low eGFR requires two abnormal measurements at least 3 

months apart. If features atypical of DN are present, then other causes of kidney disease should be considered. 

Atypical features include sudden onset of low eGFR or rapidly decreasing eGFR, abrupt increase in 

albuminuria or development of nephrotic or nephritic syndrome, refractory hypertension, signs or symptoms 

of another systemic disease, and >30% eGFR decline within 2–3 months of initiation of a renin-angiotensin 

system inhibitor. 
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TREATMENT 

Glycemic control 

Like all diabetic complications, hyperglycemia is the major contributing factor to vascular injury and renal 

disease. Therefore, antihyperglycemic agents are expected to exhibit their renal protective properties by 

controlling glucose levels. However, there is variability in incidence of renal complications with different 

antihyperglycemic agents despite comparable glycemic control. This observation led to interest in the inherent 

renal protective role of these agents that is independent of their antihyperglycemic effect (Figure 2). 

Metformin 

Metformin, a drug that was first used in 1958, is widely prescribed for its hypoglycemic and pleiotropic 

effects (e.g., endothelium protection, polycystic ovarian syndrome, hepatic steatosis, and obesity). Although it 

is considered the first line of treatment for diabetes, there is controversy about its safety in patients with 

kidney disease. For many years, the fear of developing lactic acidosis in patients with elevated creatinine 

deterred a lot of physicians from prescribing the medication. Previous U.S Food and Drug Administration 

(FDA) guideline advised against using metformin in men with serum creatinine greater than or equal to 1.5 

mg/dL and in women with serum creatinine greater than or equal to 1.4mg/dL. Several mechanisms were 

proposed for metformin-associated lactic acidosis including inhibition of lactate conversion through 

gluconeogenesis in the liver, increased production by glycolysis augmentation, and activation of anaerobic 

metabolism of glucose in the intestine. These mechanisms do not lead to significant accumulation of lactate at 

usual metformin therapeutic doses because of the conversion of lactate back to glucose in the liver via the 

Cori cycle. Nevertheless, high levels of metformin reduce lactate clearance by the liver, which might 

ultimately lead to metformin-induced lactic acidosis. Given mounting evidence against the significance of 

“pure” metformin-induced lactic acidosis, the FDA announced early in 2016 that metformin can be used 

safely in patients with stable mild-to-moderate renal impairment. Metformin use is still contraindicated in 

patients with GFR < 30 mL/min/1.73m2, but no dosage adjustments are needed for GFR > 45 mL/min/1.73m2. 

Initiation of metformin is not recommended or 50% dosage reduction is advised for GFR between 30 and 45 

mL/min/1.73m2. Frequent monitoring of renal functions is encouraged and discontinuation of treatment is 

necessary in the presence of concurrent conditions that further increase the risk of lactate accumulation (e.g., 

sepsis, acute kidney injury, shock, use of radiographic contrast, or myocardial infarction). 

Second-generation sulfonylureas 

Sulfonylureas are medications that bind to ATP-sensitive K+ (KATP) channels on the membranes of pancreatic 

beta cells. This leads to trapping of potassium intracellularly, causing cell depolarization and opening of 

voltage-gated calcium channels. The influx of intracellular calcium causes increased secretion of insulin. 

First-generation sulfonylureas (e.g., chlorpropamide, tolbutamide, acetohexamide) are not commonly used, 
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given the risk of hypoglycemia owing to their long duration of action, risk of hyponatremia, and possible 

increased cardiovascular risk. Second-generation sulfonylureas (e.g., glipizide, glyburide, glimepiride) are 

more commonly used for diabetes control.  

Thiazolidinediones 

Thiazolidinediones (TZDs) (e.g., rosiglitazone, pioglitazone) are medications that act through the activation of 

peroxisome proliferator–activated receptors, a group of nuclear receptors. This process leads to the activation 

of an intranuclear pathway that leads to increased transcription of specific genes, and consequently, increased 

storage of fatty acids in the adipose tissue and increased cellular utilization of glucose and carbohydrates, 

uride. However, side effects such as hypertension, fluid retention, increased fracture risk in women, bladder 

cancer, and anemia make its use in CKD unfavorable. 

Alpha-glucosidase inhibitors 

Acarbose and miglitol are saccharides that bind to key enzymes in the small intestine that are required for 

carbohydrate absorption. Competitive inhibition of these enzymes leads to reduced glucose absorption from 

food which leads to improved serum glucose levels. High frequency of gastrointestinal side effects, like 

flatulence, and modest HbA1C-lowering effect (0.5%–1.0%) limit the use of those medications, should be 

avoided when GFR is less than 30 mL/min/1.73m2 due to increased plasma levels.  

Dipeptidyl peptidase-4 inhibitors 

Dipeptidyl peptidase-4 (DPP-4) inhibitors or gliptins (e.g., sitagliptin, saxagliptin, and linagliptin) are 

relatively new hypoglycemic medications that were first approved by the FDA for diabetes treatment. These 

medications inhibit dipeptidyl peptidase whose function is to inactivate incretins, GLP-1, and gastric 

inhibitory polypeptide. Subsequently, elevated levels of incretins lead to stimulation of insulin release and 

inhibition of glucagon release. These changes lead to lowering of blood glucose. With the exception of 

linagliptin, these medications require dosing adjustments in renal impairment. Given lower risk of 

hypoglycemia, DPP-4 inhibitors are potentially useful in DN patients, a population more prone to 

hypoglycemia.  

GLP-1R agonists 

GLP-1 is an incretin and neuropeptide that is secreted in the intestine and hypothalamus in response to the 

presence of nutrients. It has potent antihyperglycemic effects such as enhancement of glucose-dependent 

insulin secretion, proliferation of β-cells, and inhibition of β-cell apoptosis. It also slows gastric emptying, 

increases satiety, and results in body weight loss. GLP-1R agonists also have antioxidative and pleiotropic 

properties 
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Insulin 

Assessing inherent role of insulin in prevention of diabetic nephropathy is difficult. There are no head-to-head 

comparative studies to evaluate for inherent, renoprotective role of insulin compared to other hypoglycemic 

agents. Improved renal outcomes with insulin are likely driven by better glycemic control. Nearly 60% of 

renal insulin clearance occurs by glomerular filtrations and 40% by peritubular vessels. Once filtrated, it 

undergoes extensive reabsorption by the proximal tubule. As the renal function deteriorates, renal insulin 

clearance declines as well due to reduced renal blood flow. Patients with renal failure also have worsening 

insulin sensitivity, the mechanism of which is not yet clear. Endogenous insulin secretion also worsens with 

renal impairment. Metabolic acidosis and excess parathyroid hormone have been implicated as possible 

causes of suppressed insulin production from pancreatic β cells. Subsequently, these changes in metabolism of 

insulin reflect on daily requirements. In early kidney disease, insulin resistance leads to worsening of 

hyperglycemia and escalation of treatment might be necessary. However, impaired renal insulin clearance in 

advanced kidney disease can lead to higher serum insulin concentration, which in turn can cause 

hypoglycemia. This may warrant lowering of insulin doses or even cessation of insulin therapy. 

Sodium-coupled glucose transporter type 2 (SGLT2) inhibitors 

SGLT2 inhibitors (e.g., canagliflozin, dapagliflozin, and empagliflozin) are new medications that inhibit 

filtered glucose reabsorption in the renal proximal tubule. This results in significant glycosuria which 

subsequently leads to low blood glucose levels, weight loss, lower lipid and uric acid levels, decreased 

oxidative stress, and sodium loss. Reduced proximal tubular sodium reabsorption leads to increased sodium 

delivery to the macula densa, which activates tubuloglomerular feedback which in turn causes afferent 

vasomodulation and decreased hyperfiltration. These effects can be theoretically beneficial in preserving renal 

function. The increased glycosuria puts patients at increased incidence of dehydration, and genitourinary tract 

infections, especially candida infection. Experimental studies also suggest that SGLT2 inhibitors induce 

glucagon secretion from alpha cells, which is counter regulatory mechanism to the medication-induced 

hypoglycemia. This increase in glucagon secretion could mean that drops in serum glucose levels are less than 

anticipated with the degree of urinary glucose loss. Another important consideration with the use of SGLT2 

inhibitors is that although they improve glycemic control, the increased glycosuria results in worsening of the 

typical diabetes symptoms such as polyuria, polydipsia, and genitourinary infections.  

In terms of safety, SGLT2 inhibitors can safely be used in mild kidney disease, but are contraindicated in 

severe and ESRD. Dosing adjustments and caution are recommended when using these medications in 

moderate kidney disease. Safety aside, these medications are also not ideal with advanced renal disease 

because they lose their efficacy, given their tubular-based mechanism of action.  
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Hypertension management 

Along with increasing albuminuria and decreasing GFR, worsening of hypertension is part of the natural 

process of DN. It is one of the most common comorbidities in diabetic nephropathy, with prevalence of 

approximately 65% in patients with macroalbuminuria and insulin-dependent diabetics. Even in the absence 

of albuminuria, the prevalence of hypertension is high at 58% in type II diabetics. These numbers increase 

with progression of albuminuria and CKD and approach 90%. Based on most recent Joint National Committee 

(JNC) 8 and KDIGO (Kidney Disease: Improving Global Outcomes) practice guideline, the goal blood 

pressure in patients with diabetes should be below 140/90 mmHg to reduce cardiovascular mortality and 

progression to DN. This recommendation is based on trials that were designed to examine cardiovascular 

events and not DN specifically. Also, the trials that supported the goal BP of less than 140/90 mmHg in 

preventing DN were in non-DN patients and included African Americans predominantly. Therefore, the 

relevance of this recommendation was questioned by experts, and many physicians continue to aim for goal 

blood pressure of 130/80 mmHg in diabetics with moderate or severe albuminuria. The consensus is that more 

studies are needed to identify blood pressure targets in management of DKD. As for the choice of 

antihypertensive medications, ACE inhibitors and angiotensin receptor blockers (ARBs) have been shown by 

several studies to decrease urine albumin excretion and delay progression of kidney disease in diabetes type I 

and II.  

Hyperlipidemia management 

Hyperlipidemia is common in patients with diabetes, a condition that is exacerbated with impaired renal 

function. Elevated cholesterol not only promotes atherosclerosis but also accelerates glomerulosclerosis in 

DN. The clinical impact of this process on diabetic nephropathy is not clear. A study in type I diabetics 

showed that total cholesterol concentration above 220 mg/dL and diastolic pressure above 85 mmHg were the 

strongest predictors for progressive renal disease. Statins remain the most frequently used lipid-lowering 

medications in managing hyperlipidemia in diabetic patients. According to the 2013 ACC/AHA guidelines for 

assessment of cardiovascular risk and management of atherosclerotic cardiovascular disease, diabetic patients 

would benefit from lipid-lowering medications. Patients with DN have comparable magnitude of low-density 

lipoprotein cholesterol reduction with statin therapy to those with normal kidney function. Cardiovascular 

events and mortality in patients with DN are reduced with lipid-lowering treatment, statins or statin/ezetimibe, 

compared to placebo. Although statin therapy improves cardiovascular outcomes, it has no beneficial effect on 

the progression of preexisting kidney disease. KDIGO guidelines recommend initiating statin therapy in 

patients with nondialysis-dependent DN. A large meta-analysis also showed that statins have a reasonable 

safety profile in DN with no significant adverse events. Fenofibrates have been shown to slow down 

progression of albuminuria in type II diabetics. Possible mechanisms for their renoprotective role are 
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suppression of inflammation, decreased production of type 1 collagen in mesangial cells, and increased 

activity of perioxisome proliferator–activated receptor–alpha. 
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