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Abstract 
Diabetic kidney disease (DKD) is the leading cause of chronic kidney disease 
(CKD) and end-stage kidney disease (ESKD) in the United States and world-
wide. Alterations in glomerular hemodynamics, inflammation, and fibrosis 
are primary mediators of kidney tissue damage, although the relative contri-
bution of these mechanisms likely varies between individuals and over the 
course of the natural history of diabetic kidney disease. The presence of DKD 
is also strongly associated with cardiovascular morbidity/mortality and has a 
major influence on survival. Clinical presentation and prognosis of DKD are 
heterogeneous and vary between individuals, although the severity of albu-
minuria, particularly when combined with elevated blood pressure, remains 
an important marker of those at higher risk of progression. Management of 
DKD requires a holistic approach that combines cardiovascular risk reduc-
tion with elements to slow the progression of kidney disease, namely glycemic 
control, RAAS inhibition and blood pressure lowering. Effective delivery of 
these interventions in combination reduces the risks of DKD progression, as 
well as other microvascular complications, cardiovascular events, and mortal-
ity. Several international groups have issued clinical guidelines that largely 
agree on recommended targets, and in clinical practice these should be tai-
lored for each individual patient. SGLT2 inhibitors are exciting new options 
now available to slow the progression of diabetic nephropathy. 
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1. Introduction 

Diabetic kidney disease and diabetic nephropathy are the leading cause of chronic 
kidney disease (CKD) end-stage kidney disease (ESKD) in the United States and 
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worldwide. Although the prevalence of diabetes in the United States has in-
creased over the last 20 years, the proportion of people with diabetes who also 
have CKD has remained relatively stable between 25 to 30 percent. Diabetes 
Mellitus (DM) accounts for 30% to 50% of the incident cases of end-stage kidney 
disease in the United States [1]. Although this represents a significant public 
health concern, it is important to note that only 30% to 40% of patients with di-
abetes develop diabetic nephropathy [2]. Diabetic kidney disease is a complex 
and heterogeneous disease with numerous overlapping etiologic pathways.  

2. Diabetic Nephropathys vs. Diabetic Kidney Disease 

“Diabetic nephropathy” is a diagnosis that refers to specific pathologic structural 
and functional changes seen in the kidneys of patients with DM (both type 1 and 
type 2 Diabetes Mellitus [T1/T2DM]) that result from the effects of DM on the 
kidney. Clinically it is characterized by persistent albuminuria and a progressive 
decline in renal function, and the term infers the presence of a typical pattern of 
glomerular disease. 

“Diabetic kidney disease” (DKD) is a clinical diagnosis based upon the pres-
ence of proteinuria, decrease estimated glomerular filtration rate (eGFR), or both 
in diabetes. It does not indicate a specific pathological type. It can be from many 
diverse causes, including hypertensive nephrosclerosis and unresolved acute 
kidney failure. The likelihood that “diabetic nephropathy” is the cause of diabet-
ic kidney disease varies widely depending upon the clinical circumstances. It is 
highly likely that diabetic nephropathy is the cause of diabetic kidney disease in 
type 1 diabetes of five or more years duration with albuminuria, but the fre-
quency can range widely in type 2 diabetes. 

2.1. Epidemiology 

The risk for the development of diabetic nephropathy has a genetic component 
that is likely polygenetic. The prevalence of diabetic nephropathy varies among 
racial and ethnic groups such that African Americans, Native Americans, and 
Mexican Americans have increased risk as compared with European Americans. 
The disparity in DKD disease among minority populations could also be ex-
plained in large part by socioeconomic status, which is tightly intertwined with 
educational attainment. Albuminuria and decreased eGFR (<60 mL/min/1.72m2) 
is more common among individuals with lower education level, even after con-
trolling for sociodemographic and clinical factors [3]. Although an argument 
can be made that barriers to care are a major contributor to this discrepancy in 
prevalence, it is likely not the sole factor, and genetic differences potentially also 
play a role. The apolipoprotein 1 (APOL1) gene has been found to explain some 
of the racial disparity in nondiabetic ESKD but it has not born out as a causative 
factor for diabetic kidney disease among African Americans. However, APOL1 
variants are associated with an increased risk for progression of diabetic kidney 
disease in African Americans [4]. Familial studies have also demonstrated clus-

https://doi.org/10.4236/jdm.2021.115029


M. Suneja 
 

 

DOI: 10.4236/jdm.2021.115029 361 Journal of Diabetes Mellitus 
 

tering of diabetic nephropathy. Patients with DM with a first-degree relative 
with T1/T2DM and diabetic nephropathy have substantially more risk for de-
veloping diabetic nephropathy than those without an affected relative. This fa-
milial clustering has also been well documented in the Pima Indian population 
[5]. Ongoing efforts to identify specific genetic factors and genes associated with 
the development of diabetic nephropathy are ongoing. Several candidate genes, 
including glucose transporter 2, transforming growth factor β, and endothelial 
nitric oxide synthase, have been identified, isolating a definitive causal pathway 
has proved to be elusive because there is no simple mendelian inheritance, and 
the interplay of several genes is likely involved and may differ between popula-
tions. 

2.2. Pathophysiology  

Hyperglycemia results in production of advanced glycation end-products (AGE) 
and reactive oxygen species [6]. While hyperglycemia undoubtedly plays a cen-
tral role, hyperinsulinemia and insulin resistance also may incite pathogenic 
mechanisms, possibly accounting for variation in histopathology between type 1 
and type 2 diabetes. Ultimately, alterations in glomerular hemodynamics, in-
flammation, and fibrosis are primary mediators of kidney tissue damage, al-
though the relative contribution of these mechanisms likely varies between indi-
viduals and over the course of the natural history of diabetic kidney disease [7] 
[8]. 

The pathophysiology leading to the development of diabetic nephropathy and 
resultant end-stage kidney disease follows from the diabetic milieu leading to the 
generation and circulation of advanced glycation end products, elaboration of 
growth factors, and hemodynamic and hormonal changes. These lead to the re-
lease of reactive oxygen species and inflammatory mediators. Collectively, these 
changes result in glomerular hyperfiltration, glomerular hypertension, renal hyper-
trophy, and altered glomerular composition, which is manifested clinically as 
albuminuria and hypertension [9]. Pathologically, the kidneys undergo several 
changes, including deposition (in primarily the mycangium) of extracellular ma-
trix, glomerular basement membrane thickening, proliferative changes, and tu-
bular atrophy, ultimately resulting in interstitial fibrosis and glomerulosclerosis 
(the final common pathway of many kidney diseases).  

With the onset of DM, kidney size and weight increase by an average of 15%, 
and this size increase remains even after progressive reductions in kidney func-
tion occur. An examination of kidney tissue reveals thickening of the glomerular 
basement membrane and expansion of the mesangium. The classic pathologic 
lesion of diabetic nephropathy is nodular in nature and was first described by 
Kimmelstiel and Wilson in 1936. The nodules are typically acellular and positive 
by periodic acid-Schiff stain. Although these nodules are pathognomonic for di-
abetic nephropathy, they are reported in only 10% to 50% of biopsy specimens 
from patients with T1/T2DM [9]. Far more common is the diffuse glomerular 
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lesion that is characterized by diffuse mesangial matrix expansion. Arteriolar le-
sions involving both the afferent and efferent vessels are also prominent and 
common in DM. Over time, hyaline material replaces the entire vessel wall struc-
ture, and this is highly specific for DM [10]. 

2.3. Natural History of Diabetic Nephropathy 

The natural history of diabetic nephropathy in patients with T1DM was initially 
characterized in patients with juvenile-onset DM in the late 1970s by examining 
death records of patients who were classified as having died of kidney failure. 
This study helped us understand the true untreated natural history of diabetic 
nephropathy due to T1DM as it was before the advent of therapy for diabetic 
nephropathy [11]. Based on this study, proteinuria appears 11 to 23 years after 
the T1DM diagnosis, serum creatinine concentration begins to increase after 13 
to 25 years, and ESKD develops after 18 to 30 years. With the subsequent devel-
opment of more sensitive assays to detect urinary albumin excretion, small 
amounts of albumin in the urine were noted to precede the development of overt 
proteinuria in most patients, occurring 5 to 10 years after the diagnosis of DM 
[12]. 

Presently, microalbuminuria and macroalbuminuria are referred to as A2 and 
A3, respectively (Table 1), by the KDIGO (Kidney Disease: Improving Global 
Outcomes) chronic kidney disease (CKD) guideline [13]. The natural history of 
diabetic nephropathy in patients in longitudinally studied populations with T2DM 
is essentially identical to that in patients with T1DM, though the timing of di-
abetes onset in patients with T2DM is difficult to assess. Therefore, a patient 
may even present with proteinuria and on kidney biopsy have diabetic nephro-
pathy before T2DM is diagnosed. Another important difference in the natural 
history of patients with T1 versus T2DM is that the major macrovascular com-
plication, namely cardiac disease and death due to cardiac disease, can occur at 
any point along the course of a patient with T2DM from the onset of DM and 
early diabetic nephropathy, whereas the elevated risk for cardiovascular disease 
is not apparent until advanced kidney disease has developed in patients with 
T1DM [14]. 

The classic study by Kussman et al in patients with T1DM allows one to pic-
ture a timeline of kidney disease progression that starts with microalbuminuria 
and proceeds sequentially through stages of overt proteinuria, kidney function 
decline, and ultimately end-stage kidney disease [11]. Multiple studies of diabet-
ic nephropathy progression over the years have confirmed this timeline and the 
critical role of proteinuria assessment both as a diagnostic criterion for the pres-
ence of diabetic nephropathy and for the assessment of disease severity and like-
lihood of progression. The single biggest predictor of kidney function deteriora-
tion and diabetic nephropathy progression is proteinuria [15]. When the loss 
of kidney function has begun, as evidenced by an increasing serum creatinine 
concentration or a declining estimated glomerular filtration rate (eGFR), the  
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Table 1. KDIGO definitions of albuminuria category. 

Urinary albumin categories 

Measure Normal or mildly increased (A1) Moderate increased (A2) Severely increased (A3) 

Albumin excretion rate (mg per 24 h) <30 30 - 300 >300 

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

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

 
patient with diabetic nephropathy begins a continual decline toward chronic 
kidney disease and renal replacement therapy or death. Based on studies of un-
treated patients with T1DM and Pima Indians with T2DM, the rate of GFR loss 
can be on the order of 7 to 12 mL/min/1.73m2 per year. Treatment with re-
nin-angiotensin system (RAS) inhibitors has reduced this rate of decline to 3 to 6 
mL/min/1.73m2 per year [5]. 

Recent reports have noted that up to 25% of patients with T2DM and dimi-
nished kidney function have little or no proteinuria despite having biopsy-proven 
diabetic nephropathy [16]. 

The cause of this change in profile of diabetic nephropathy is unclear. This 
phenomenon may be due to the impact of long-term RAS-inhibitor therapy, 
underdiagnosed unresolved acute kidney injury, or other factors impacting on 
the traditional natural history described earlier.  

3. Clinical Approach to Diagnosis of Diabetic Nephropathy 

In many cases, Nephropathy is a clinical diagnosis. A kidney biopsy is the gold 
standard test for diagnostic and prognostic information, but in most centers is 
usually only performed when an alternative renal pathology is suspected. 

3.1. Screening 

DKD usually does not cause symptoms, so guidelines from the ADA and KDIGO 
group recommend that kidney function and albuminuria should be measured at 
diagnosis and annually thereafter in T2DM and in type 1 DM recommendation 
is to start screening from 5 years after diagnosis [13] [17]. Albuminuria is best 
assessed using ACR measurements on spot urine samples (ideally early morning 
samples); timed or 24-hour urine collections to measure albumin excretion are 
also appropriate although less convenient and more prone to collection errors. 
Renal function should be assessed using a serum-creatinine based eGFR calcula-
tion (CKD-EPI equation recommended due to its superior performance in the 
eGFR range 60 - 90 mL/min/1.73m2). 

3.2. Confirmation of Persistent Abnormalities 

If a reduction in eGFR or an increase in albuminuria is detected, this should be 
confirmed on repeat testing over 3 to 6 months; a minimum of two elevated 
ACR levels more than 3 months apart are required before an individual is con-
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sidered to have increased albuminuria [13]. This is to differentiate from tran-
sient changes as well as to account for the intra-individual variation that is seen 
in ACR. Similarly, two eGFR values below 60 mL/min/1.73m2 at least 90 days 
apart are required to make a diagnosis of CKD. 

3.3. Diagnosis of Diabetic Nephropathy 

The approach to a patient with DM and evidence of kidney disease must center 
on the determination of whether the patient’s kidney disease is diabetic nephro-
pathy or another kidney disease. The natural history and progression timeline 
discussed earlier will greatly aid the clinician in determining the likelihood that a 
given patient’s disease is diabetic nephropathy in individuals with T1DM [10]. 
The development of significant albuminuria before 5 years’ or after 25 years’ 
duration of T1DM decreases the likelihood of diabetic nephropathy [11]. Addi-
tionally, 95% of patients with T1DM and diabetic nephropathy also have diabet-
ic retinopathy, so the absence of retinopathy may imply a diagnosis other than 
diabetic nephropathy [18]. Seven-field fundus photos must be obtained to elim-
inate the presence of retinopathy and prompt kidney biopsy because a dilated 
ophthalmologic examination is insensitive. In T1DM, a clinical diagnosis of DKD 
can be made when there is persistent moderate (A2) or severe (A3) albuminuria 
or a persistent reduction in eGFR to <60 mL/min/1.73m2, occurring at least 5 
years after onset of diabetes. In over 95% of cases, diabetic retinopathy will also 
be present, and there should be no clinical suggestions of alternative kidney dis-
ease. Albuminuria is not required to make a diagnosis of DKD in the setting of a 
persistently reduced eGFR, but this clinical scenario should prompt considera-
tion of other forms of non-albuminuric kidney disease, as should albuminuria in 
the absence of retinopathy.  

Diagnosis of DN in patients with T2DM is more challenging because these 
epidemiologic clues are not as helpful. Diabetic retinopathy is concordant with 
diabetic nephropathy in only about 60% to 65% of cases; thus, its absence does 
not generate a high negative predictive value for the diagnosis of diabetic neph-
ropathy [19]. Also, because the onset of T2DM is generally unknown, one can-
not as reliably use the natural history timeline to assist in diagnosis [20]. Thus, it 
is really important to assess whether something other than DM is the cause of 
kidney disease. This evaluation will typically involve a thorough history and 
physical examination and selected laboratory and imaging tests to determine 
whether a kidney biopsy would be of benefit. There is no formal practice guide-
line on when to pursue kidney biopsy in patients with DM. Prospective kidney 
biopsy studies have illustrated that if a patient with DM has retinopathy (T1DM), 
onset of proteinuria in the usual timeframe (T1DM), and no evidence to support 
another disease (T1/T2DM), an alternative diagnosis that would substantially 
alter therapy is unlikely to be found [18]. Therefore, it is not surprising that 
most patients with DM and reduced kidney function do not undergo kidney bi-
opsy. In T2DM, the clinical diagnosis can be more challenging due to the in-
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creased heterogeneity of clinical presentation, although the same principles of 
persistent albuminuria or persistently reduced eGFR apply. Again, albuminuria 
does not have to be present to make a diagnosis of DKD providing eGFR is per-
sistently <60 mL/min/1.73m2. Longer duration of diabetes and presence of reti-
nopathy are important pointers towards the diagnosis when they are present, but 
neither a short duration of diabetes nor absence of retinopathy are useful to rule 
out DKD in T2DM. It is therefore important to evaluate for features that may 
indicate alternative forms of kidney disease and proceed to renal biopsy when 
there is diagnostic uncertainty.  

4. Features That May Indicate Alternative Forms of Kidney  
Disease 

Non-diabetic forms of kidney disease may be suggested by the following: 
1) Atypical trajectory of eGFR decline or onset of albuminuria. Rapid declines 

in eGFR (>5 mL/min/year) or sudden onset of albuminuria are not typical of 
DN, nor is severe albuminuria in the first 5 years of T1DM. Looking at serial 
eGFR trends will help to identify previous episodes of AKI, which are increa-
singly recognized to be associated with CKD onset and progression [21] [22].  

2) Very severe albuminuria (ACR > 300 mg/mmol or >3000 mg/g) or neph-
rotic syndrome. Although DN is a well-recognized cause of nephrotic syndrome, 
primary glomerular disease is more likely in this setting, particularly when the 
nephrotic syndrome has an acute onset. 

3) Active urinary sediment. Microscopic hematuria is not a classical finding in 
DN but can occur. The presence of hematuria on urinalysis is not particularly 
helpful and has poor ability to discriminate between diabetic and non-diabetic 
kidney disease [23]. However, the presence of red cell casts or dysmorphic red 
cells on urine microscopy is much more likely to signify an alternative patholo-
gy, typically a glomerulonephritis. 

4) Diagnosis of or clinical features that are suspicious for another systemic dis-
ease that commonly causes kidney disease (e.g., connective tissue disorders, 
HIV). 

5) Family history of non-diabetic forms of kidney disease. 

5. Differential Diagnoses to Consider in the Setting of  
Non-Albuminuric DKD 

Although non-albuminuric DN is well described, this presentation should prompt 
evaluation for the following: 

1) Ischemic nephropathy. Suggested by vascular disease elsewhere, smoking 
history, hypertension, aortic disease, or asymmetric kidneys on renal ultrasound. 
Sometimes, this scenario is incorporated under the umbrella term of DKD (i.e., 
without renal biopsy), and several of the risk factors for ischemic nephropathy 
are very common in people with diabetes. Renovascular disease can also be sug-
gested by large (>30%) declines in eGFR after initiation of RAAS inhibitors. 
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2) Dysproteinemia-related renal disease. There are a variety of renal diseases 
associated with dysproteinemias that are initially screened for with serum elec-
trophoresis and assay of serum free light chains. This includes monoclonal 
gammopathy of renal significance, defined as a clonal proliferative disorder that 
produces a nephrotoxic monoclonal immunoglobulin, but does not meet the 
treatment criteria for a specific hematological malignancy [24]. 

3) Previous episodes of AKI. 
4) Tubulointerstitial nephritis (TIN), classically associated with eosinophilia 

and urinary leukocytes but can present with normal urinary sediment. TIN is often 
due to medications (e.g., non-steroidal anti-inflammatory drugs, proton-pump in-
hibitors, antibiotics, diuretics), and a careful medication history to establish tem-
poral links between initiation of culprit medications and onset of eGFR decline 
can be useful. Diagnosis requires kidney biopsy. 

6. Treatment of Diabetic Nephropathy 

Specific treatment of patients with diabetic nephropathy can be divided into 4 
major arenas: cardiovascular risk reduction, glycemic control, BP control, and 
inhibition of the RAS and emerging therapies including SGLT-2 inhibitors. Each 
of these arenas will be discussed with a focus on an optimal evidence-based ap-
proach to care of patients with diabetic nephropathy. 

6.1. Cardiovascular Risk Reduction 

Patients with diabetic nephropathy necessarily have DM and thus cardiovascular 
disease risk is significant and a competing risk for kidney failure. Therefore, it is 
important to ensure that aggressive risk factor modification is undertaken, usual-
ly in partnership with the patient’s primary care physician. Components of this 
therapeutic approach include tobacco cessation and lipid-lowering therapy. Evi-
dence of cardiovascular disease risk reduction for both tobacco cessation and li-
pid lowering is abundant though, it is outside the scope of this review. 

6.2. Glycemic Control 

The effect of improved glycemic control on clinical outcomes, including pro-
gression of diabetic nephropathy, has been tested in multiple large clinical trials 
involving patients with T1/T2DM. The principal evidence regarding the benefit 
of glycemic control in patients with T1DM comes from the Diabetes Control 
and Complications Trial (DCCT) [25]. This seminal trial, conducted from 1983 
to 1993 in the United States and Canada, randomly assigned 1441 patients to in-
tensive (goal HbA1c < 6.05%) versus conventional glycemic control with insulin 
with follow-up for a mean of 6.5 years. Median HbA1c concentration was 9.1% 
versus 7.3% for conventional versus intensive control. Intensive control resulted 
in a relative risk reduction of 39% for the development of microalbuminuria and 
relative risk reduction of 56% for overt proteinuria. Intensive glycemic control 
was also associated with reductions in other microvascular complications, namely 
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retinopathy and neuropathy. After the trial ended, 1375 participants volunteered 
to continue in the Epidemiology of Diabetes Interventions and Complications 
(EDIC) Study [26]. Given the benefits seen with the intensive control arm in the 
DCCT, all participants were advised to remain or convert to intensive control. 
Thus, glycemic control as measured by HbA1c concentration converged to 7.8% 
and 7.9% for the former conventional and former intensive control groups, re-
spectively. Despite this convergence, the development of microalbuminuria and 
overt proteinuria was reduced (53% and 86%, respectively) by intensive control 
over 4 additional years of follow-up. Thus, the beneficial effects of glycemic con-
trol on microvascular complications are significant and durable in patients with 
T1DM. 

The available data for patients with T2DM are more ambiguous. In the United 
Kingdom Prospective Diabetes Study (UKPDS), participants were randomly as-
signed to intensive glycemic control using oral agents and/or insulin or to con-
ventional therapy (diet control) [27]. The achieved mean HbA1c concentration 
was 7.0% in the intensive control arm compared to 7.9% in the conventional 
arm. Participants in the intensive control arm saw a reduction in any DM-related 
end point, but a reduction was not seen for specific kidney events of interest, 
namely the development of microalbuminuria, overt proteinuria, or doubling of 
serum creatinine concentration. Three more recent large trials with an aggregate 
enrollment of nearly 25,000 participants were conducted to assess any potential 
benefit of intensive glucose control in T2DM: ADVANCE (Action in Diabetes 
and Vascular Disease), ACCORD (Action to Control Cardiovascular Risk in 
Diabetes), and VADT (VA Diabetes Trial) [28] [29] [30]. These studies tar-
geted and achieved HbA1c concentrations of ~6.0% relative to a control arm of 
~7.0%. Results of these studies are decidedly mixed, with either no benefits on 
cardiovascular effects ranging to cardiovascular risk in the intensive group and 
no kidney benefit, with the exception of 1 trial showing a reduction in albu-
minuria but no benefit on the preservation of kidney function. All 3 trials es-
tablished increased risk for hypoglycemic events related to intensive glycemic 
control to HbA1c concentrations of near 6.0%. Intensive glycemic control to an 
HbA1c concentration of 7.0% prevents microvascular (not macrovascular) com-
plications (UKPDS). However, it is unclear whether any further HbA1c con-
centration reduction is of utility, particularly for preventing kidney disease 
outcomes. 

Based on the available evidence (Table 2), target goal HbA1c concentration 
should be close to 7.0% to reduce microvascular complications and diabetic 
nephropathy progression. Any further reduction is of unproven benefit and 
would likely put the patient at risk for hypoglycemic events. This is congruent 
with current American Diabetes Association and KDOQI clinical practice guide-
lines. 

6.3. Blood Pressure Control 

Hypertension has been linked to the development of microalbuminuria, overt  
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Table 2. Summary of key glycemic control trials. 

Trial Population N 
Intervention  
Target 

Achieved 
Intervention 

Findings in Intensive 
Care Group 

Comments 

DCCT T1DM 1441 

Intensive therapy  
targeting fasting and 
postprandial blood 
glucose vs.  
conventional therapy 

HbA1c 7.3%  
vs. 9.1% 

Decreased  
microvascular  
complications  
(including  
microalbuminuria, 
proteinuria, retinopathy, 
and neuropathy) 

 

EDIC T1DM 
1375 patients 
that completed 
DCCT 

Observational  
follow-up of DCCT 
with all getting  
intensive therapy 

HbA1c 7.8%  
vs. 7.9% 

Reduction in  
microalbuminuria and 
proteinuria 

 

UKPDS 
Newly  
Diagnosed 
T2DM 

3867 

Intensive therapy  
targeting a fasting 
blood glucose vs.  
conventional therapy 

HbA1c 7%  
vs. 7.9% 

Reduction in any  
diabetes-related end 
point in aggregate 

Reduction not seen in 
kidney-specific events 
(microalbuminuria, 
proteinuria, or  
doubling of Scr) 

ACCORD 
T2DM and CV 
event history 
or risk 

10,251 
HbA1c < 6.0%  
vs. 7% - 7.9% 

HbA1c 6.4%  
vs. 7.5% 

Increased CV and total 
mortality 

No benefit on kidney 
end points 

ADVANCE 
T2DM and CV 
event history 
or risk 

11,140 
HbA1c < 6.5%  
vs. routine care 

HbA1c 6.3%  
vs. 7.0% 

No benefit on CV  
outcomes; reduction in 
microvascular events 

Albuminuria reduced 
by 21% 

VADT 
T2DM and 
poor BP  
control 

1791 
Reduction in HbA1c  
of 1.5% vs. routine 
care 

HbA1c 6.9%  
vs. 8.4% 

No benefit 
No benefit on kidney 
end points 

 
proteinuria, and declining kidney function, with higher BP associated with 
worse outcomes in a continuous fashion [31]. Two randomized trials in T2DM, 
IDNT (Irbesartan Diabetic Nephropathy Trial) and the RENAAL (Reduction in 
Endpoints in Non-Insulin Dependent Diabetes Mellitus with the Angiotensin II 
Antagonist Losartan) demonstrated benefit of angiotensin receptor blockers 
(ARBs) in delaying the progression of kidney disease [6] [15]. However, the par-
ticipants in these 2 trials were not randomly assigned to different levels of BP 
control. Analyses of both these studies revealed that participants with poor BP 
control at entry did worse relative to their better-controlled counterparts. These 
studies also noted that achieved BP was a stronger predictor of kidney outcome 
than entry BP. Achieved BPs and its effect was analyzed in detail in IDNT and 
revealed a J-shaped curve such that kidney benefit reached a plateau at systolic 
BP < 130 mm Hg, and at systolic BP < 120 mm Hg, all-cause mortality started 
increasing. 

UKPDS was one of the studies which randomly assigning participants to 2 
different levels of BP control. This study examined the impact of 2 different le-
vels of BP control on microvascular and macrovascular complications [32]. Dur-
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ing a mean 8.4 years of follow-up, achieved mean BPs in the 2 groups were 
144/82 versus 154/87mm Hg. The risk for any DM-related complication, death, 
adverse cardiovascular events, and the composite of microvascular events was 
substantially decreased in the lower BP arm. The study did not demonstrate 
benefit on the kidney outcomes (proteinuria and kidney function decline), though 
it was not specifically designed to assess kidney outcomes. The benefits of BP 
control below a systolic BP of 140 mm Hg have been more difficult to demon-
strate. The ABCD (Appropriate Blood Pressure in Diabetes) trial randomly as-
signed participants with T2DM to intensive (achieved BP ~128/75mm Hg) ver-
sus moderate (achieved BP ~137/81mm Hg) control with follow-up for 5 years. 
The study noted a decrease in the development of microalbuminuria and overt 
proteinuria in the intensive BP group, but was unable to demonstrate a benefit 
on creatinine clearance, the primary outcome of the trial [33]. 

The ACCORD trial tested the hypothesis that more intensive BP control (sys-
tolic BP < 120 mm Hg) would be of benefit relative to standard BP therapy (sys-
tolic BP < 140 mm Hg), with 4733 patients participating in this randomized trial 
[34]. The achieved systolic BPs at 1 year of follow-up were widely separated, at 
119.3- and 133.5-mm Hg in the 2 groups. It took on average 3.5 BP medications 
to achieve this BP goal in the intensive therapy group versus 2.3 BP medications 
in the standard therapy group. The study found no reduction in the rate of the 
primary composite cardiovascular outcome associated with either BP goal. In-
tensive BP control was associated with a reduction in albuminuria, but no re-
duction was seen in end-stage kidney disease events. ACCORD trial was not 
powered to detect renal events because the trial population was a more general 
cohort with DM rather than one selected for diabetic kidney disease. Increased 
risk for acute kidney injury events requiring dialysis therapy along with other 
adverse events attributed to antihypertensive therapy were also seen in the in-
tensive BP control arm. 

Based on the current evidence, it is clear that BP reduction is important in the 
management of patients with diabetic nephropathy [35]. Cardiovascular and 
kidney event rates are higher with increasing BP and are reduced progressively 
with therapy to lower BP. There may be a point beyond which further BP reduc-
tion may not be helpful or even be harmful despite a reduction in proteinuria 
[36]. 

6.4. RAS Inhibition 

RAS blockade using various drugs, including ACE inhibitors, ARBs, direct renin 
inhibitors, and mineralocorticoid antagonists have shown efficacy in animal 
models of diabetic nephropathy across the full spectrum of DM-related injury. 
In humans, RAS inhibition has proved to be the single most effective therapy for 
slowing the progression of diabetic nephropathy. These agents have been studied 
at each clinical stage of diabetic nephropathy, and we review those data here. 

RAS blockade has been studied in patients with T1/T2DM without microal-
buminuria to assess whether therapy can prevent its development. Multiple trials 

https://doi.org/10.4236/jdm.2021.115029


M. Suneja 
 

 

DOI: 10.4236/jdm.2021.115029 370 Journal of Diabetes Mellitus 
 

in patients with T1DM suggest that early therapy in T1DM is ineffective in pre-
venting the development of microalbuminuria. This treatment strategy has also 
been tested in patients with T2DM with mixed results. The ROADMAP (Ran-
domized Olmesartan and Diabetes Microalbuminuria Prevention) trial followed 
up 4449 participants with T2DM for a median of 3.2 years. There was a statisti-
cally significant follow-up difference in BP between the olmesartan and placebo 
arms. The primary analysis of the trial showed that olmesartan prevented or de-
layed the onset of microalbuminuria, with microalbuminuria developing in 8.2% 
versus 9.8% of participants (olmesartan vs. placebo) [37]. The olmesartan group 
had lower BPs and an increase in cardiovascular deaths. Thus, RAS blockade 
may prevent the development of microalbuminuria in patients with T2DM. 

The next group of studies looked at the timeline of the transition of a patient 
with microalbuminuria to overt proteinuria. Treatment with the ARB irbesartan 
was investigated for its ability to prevent the development of overt proteinuria in 
patients with T2DM and microalbuminuria in the IRMA-2 (Effect of Irbesartan 
in the Development of Diabetic Nephropathy in Patients with T2DM) trial [38]. 
This trial randomly assigned 590 patients with T2DM and microalbuminuria to 
irbesartan, 150 mg, daily; irbesartan, 300 mg, daily; or matching placebo with 
follow-up for 2 years. Irbesartan reduced the risk for the development of overt 
proteinuria (defined here as albumin excretion > 200 mg/d) in the intent-to-treat 
group as a whole. Examining the subgroups, a dose-dependent benefit was sug-
gested, with hazard ratios (HRs) of 0.3 (P < 0.001) in 300-mg group and 0.61 (P 
= 0.08) in the 150-mg group. 

The first major trial which examined the effect of ACE inhibitors on the pro-
gression of advanced diabetic nephropathy randomly assigned 409 patients with 
T1DM, overt proteinuria (protein excretion ≥ 500 mg/d), and reduced kidney 
function (serum creatinine ≤ 2.5 mg/dL) to captopril, 25 mg, 3 times a day or 
matching placebo [39]. Participants in this trial could receive other antihyper-
tensive medications to achieve BP control. There was a 48% reduction in risk for 
doubling of serum creatinine concentration and a 50% reduction in the compo-
site end point of death, dialysis therapy, or transplantation. This trial established 
the efficacy of ACE inhibitors independent of BP control in slowing the progres-
sion of diabetic nephropathy in patients with T1DM and overt proteinuria. 

IDNT and the RENAAL study investigated the effect of 2 ARBs (irbesartan 
and losartan, respectively) on the progression of diabetic nephropathy in pa-
tients with T2DM, overt proteinuria, and reduced kidney function [40] [41]. 
IDNT randomly assigned 1715 participants to irbesartan, amlodipine, or placebo 
with follow-up for a mean of 2.6 years. BP was targeted at <135/85mm Hg and 
was achieved with agents in classes other than those under study [41]. Indepen-
dent of BP control, irbesartan reduced the risk for the composite outcome of 
doubling of serum creatinine concentration, end-stage kidney disease, or death 
as compared to amlodipine or placebo. The RENAAL trial followed up 1513 pa-
tients with T2DM and overt proteinuria for a mean of 3.4 years and demon-
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strated that losartan, 100 mg, daily was superior to placebo to reduce the risk for 
the same composite end point as in IDNT [40]. Taken together, these studies 
provide robust evidence supporting the benefit independent of BP control of 
RAS-blocking medication on slowing the progression of diabetic nephropathy. 
Although these trials showed a dramatic benefit with ARB therapy, many par-
ticipants on ARB therapy still had renal events, which raised the question for tri-
als to assess further therapy and drug development to derive further benefit.  

The question of therapy with multiple agents that block the RAS was ad-
dressed in 3 large clinical trials. The first was ONTARGET (Ongoing Telmisar-
tan Alone and in Combination with Ramipril Global Endpoint), a cardiovascular 
outcomes trial that randomly assigned 25,620 patients with cardiovascular dis-
ease risk to ramipril, telmisartan, or both. There was no difference among the 3 
arms in the composite cardiovascular outcome [42]. Notably, there were 9612 
participants with diabetes and 2781 with microalbuminuria in the trial. Post hoc 
analysis of kidney outcomes showed a proteinuria benefit in the combination 
therapy arm. However, there was a significant increase in the renal end point 
(doubling of serum creatinine, dialysis therapy, or death) in the combination 
therapy arm compared with the single-agent arms. This increase in the renal end 
point was primarily driven by the need for urgent dialysis. Although not de-
signed as a kidney outcomes trial, this raised questions about the potential harm 
of combination therapy. The VA NEPHRON-D (Veterans Affairs Nephropathy 
in Diabetes) study randomly assigned 1448 participants with T2DM and overt 
proteinuria to either losartan, 100 mg, daily in combination with lisinopril, 40 
mg, daily or losartan, 100 mg, daily plus placebo. This trial was terminated early 
due to an increase in adverse events (acute kidney injury and hyperkalemia) in 
the combination therapy arm [43]. ALTITUDE (Aliskiren Trial in T2DM Using 
Cardio-Renal Endpoints) tested whether dual RAS blockade with Aliskiren and 
either an ACE inhibitor or an ARB reduced cardiovascular and kidney events. 
This trial was also terminated early due to an increase in adverse events and no 
apparent benefit in the dual-therapy group [44]. 

The current evidence (Table 3) strongly supports the use of RAS-blocking 
agents in the treatment of patients with diabetic nephropathy. Although RAS 
blockade with more than 1 agent may be effective in reducing proteinuria, the 
adverse-event profile (hyperkalemia, acute kidney injury, and increased cardi-
ovascular events) and the lack of benefit in preventing end-stage kidney disease 
preclude its general use for the treatment of diabetic nephropathy.  

6.5. Emerging Therapies 

Sodium glucose cotransporter 2 (SGLT2) inhibitors are relatively new medica-
tions that have been approved for the treatment of diabetes. Their mechanism of 
action is to block glucose and sodium uptake in the proximal tubule, thereby ge-
nerating natriuresis and glucosuria [45]. Two studies designed as cardiovascular 
safety studies, EMPA-REG Outcome (Empagliflozin, Cardiovascular Outcomes,  
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Table 3. Summary of key renin-angiotensin system inhibition trials. 

Trial Population N Intervention Conclusions Comments 

ROADMAP 
T2DM without 
microalbuminuria 

4449 Olmesartan vs. placebo 
Olmesartan delayed the onset of 
microalbuminuria 

Olmesartan group had 
lower BPs and more 
CV deaths 

IRMA-2 
T2DM and  
microalbuminuria 

590 
Irbesartan 150 mg  
vs. irbesartan 300 mg  
vs. placebo 

Irbesartan reduced the  
development of overt proteinuria 

Subgroup analysis 
suggested a 
dose-dependent effect 

Captopril  
Trial 

T1DM with 
proteinuria 

409 
Captopril 25 mg 3×/d vs. 
placebo 

Captopril reduced the risk for 
doubling of SCr as a primary  
outcome and death, dialysis  
therapy, or transplantation as a 
secondary outcome 

 

IDNT 

T2DM with 
proteinuria and 
reduced kidney 
function 

1715 
Irbesartan vs. amlodipine 
vs. placebo 

Irbesartan reduced the risk for 
doubling of SCr, ESRD, or death 

 

RENAAL 

T2DM with 
proteinuria and 
reduced kidney 
function 

1513 Losartan vs. placebo 
Losartan reduced the risk for 
doubling of SCr, ESRD, or death 

 

ONTARGET 
Patients with CV 
risk 

25,620 
Ramipril vs. telmisartan 
vs. telmisartan and  
ramipril 

No CV benefit among the 3 arms; 
proteinuria reduction in  
combination therapy arm 

Increase in “DDT” 
events in combination 
therapy arm 

VA 
NEPRON-D 

T2DM and  
proteinuria 

1448 
Losartan and lisinopril  
vs. losartan and placebo 

Trial terminated early due to AKI 
events and hyperkalemia in  
combination therapy arm 

 

ALTITUDE 
T2DM,  
proteinuria, and 
CV risk 

8561 
ACEi or ARB and  
aliskiren vs. ACEi or 
ARB and placebo 

Trial terminated early due to  
increase in adverse events and no 
apparent benefit in the 
dual-therapy arm 

 

 
and Mortality in Type 2 Diabetes) and CANVAS (Canagliflozin Cardiovascular 
Assessment Study) demonstrated significant cardiovascular risk reduction when 
used for the treatment of diabetes [46] [47]. In these cardiovascular outcome tri-
als, the SGLT2 inhibitors had positive effects on kidney outcomes, namely albu-
minuria reduction and a reduction in the occurrence of a composite renal out-
come. In the EMPA-REG Outcome trial, the HR in the empagliflozin arm for 
incident or worsening nephropathy (a composite of the development of albu-
minuria with albumin excretion > 300 mg/g creatinine, doubling of serum crea-
tinine accompanied by eGFR ≤ 45 mL/min, initiation of renal replacement 
therapy, or death from renal causes) was 0.61 (P < 0.001) [46]. CANVAS dem-
onstrated a benefit of similar magnitude (HR, 0.60) on a composite outcome of a 
sustained 40% reduction in eGFR, need for renal replacement therapy, or death 
from renal causes [47]. Trials including CREDANCE (Evaluation of the Effects 
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of Canagliflozin on Renal and Cardiovascular Outcomes in Participants with 
Diabetic Nephropathy) which studied canagliflozin and DAPA-CKD (A Study to 
Evaluate the Effect of Dapagliflozin on Renal Outcomes and Cardiovascular 
Mortality in Patients With Chronic Kidney Disease) which studied dapagliflozin, 
have since then confirmed the efficacy of SGLT2 inhibitors to slow the progres-
sion of diabetic nephropathy [48] [49]. 
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