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1. Introduction
Diabetic nephropathy is a chronic microvascular complication of diabetes and is the
single most common cause of End Stage Renal Disease (ESRD) in Europe, Japan, and the
United States, with diabetes accounting for 25% to 45% of all patients enrolled into ESRD
programmes. The increased mortality in proteinuric diabetic patients is due not only from
end-stagerenal disease (ESRD) but also from associated cardiovascular disease, with the latter
being particularly common in type 2 diabetes patients. It often starts with microalbuminuria
and progresses to macro albuminuria and sometimes to overt proteinuria with a decrease in
glomerular filtration over a period of time which is slow and gradual (usually a number of
years) and ultimately may require renal replacement therapy.
Diabetic nephropathy occurs in both type 1 (formerly called insulin-dependent or juvenile onset) and type 2 (formerly called non-insulin-dependent or adult onset) diabetes mellitus,
as well as in other secondary forms of diabetes mellitus, for example after pancreatitis or pancreatectomy.
2. Epidemiology
The overall prevalence of microalbuminuria and macroalbuminuria is around 30% to
35% in both types of diabetes and this depends on a number of factors including the population
studied. The highest prevalence, exceeding 50%, is found in Native Americans, followed by
Asians, Mexican Americans, blacks, and European white patients [1]. Prevalence of albuminuria decreased but that of reduced glomerular filtration rate increased in patients with diabetes
between 1988 and 2014 based on cross-sectional study of 6,251 patients ≥ 20 years old with
diabetes in United States who completed surveys between 1988 and 2014 (NHANES III 19881994, NHANES 1999-2004, and NHANES 2005-2008). Age-adjusted incidence of diabetes-
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related chronic kidney disease reported a decline from 299 to 197.7 per 100,000 persons with
diabetes from 1990 to 2006. Potential reasons cited for this include:

.

earlier detection and better management of kidney disease

.

improved treatment and care of kidney disease

.

better control of risk factors such as hypertension and glycaemic control

.

large increase in new cases of diabetes (more patients who have not had diabetes
long enough to develop CKD) [2].

.

Type 1 diabetes- The epidemiology of diabetic nephropathy has been best studied in
patients with type 1 disease as the time of clinical onset is usually known. Approximately 20 to
30 percent will have moderately increased albuminuria, formerly called “microalbuminuria,”
after a mean duration of diabetes of 15 years. Less than half of these patients will progress
to overt nephropathy; moderately increased albuminuria may regress or remain stable in a
substantial proportion, probably related to improved glycaemic and better blood pressure control with angiotensin-converting enzyme (ACE) inhibitors and angiotensin receptor blockers
(ARBs) [3,4].

.

Type 2 diabetes- In Caucasians, the prevalence of progressive renal disease has generally been lower in type 2 diabetes than in type 1 disease. However, this observation may be a
function of the usually later-onset disease and shorter-duration “exposure” in type 2 than type
1 diabetes. This may not, however, apply to all groups with type 2 diabetes, some of whom
can have severe and progressive kidney disease and poor prognosis. Data seem to suggest that
the renal risk is currently equivalent in the two types of diabetes. Evidence to support this hypothesis includes the observations that the time to proteinuria from the onset of diabetes and
the time to ESRD from the onset of proteinuria was more or less similar in type 1 and type 2
diabetes [5].
2.1. Classification: Diabetic nephropathy can be classified according to a number of different
subtypes:

.

Class I - mild or nonspecific light microscopy changes and electron microscopy proven
glomerular basement membrane thickening (isolated glomerular basement membrane thickening: basement membranes are greater than 430 nm in males older than age 9 years and 395
nm in females). There is no evidence of mesangial expansion, increased mesangial matrix, or
global glomerulosclerosis involving >50 percent of glomeruli).
2

www.openaccessebooks.com

2.1.1. Classification according to pathology (Renal pathology society classification)
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.
.

Class IIa - mild mesangial expansion (in > 25% of observed mesangium)

Class IIb - severe mesangial expansion (in > 25% of observed mesangium). A lesion
is considered severe if areas of expansion larger than the mean area of a capillary lumen are
present in >25 percent of the total mesangium.

.

Class III - nodular sclerosis (at least 1 convincing Kimmelstiel-Wilson lesion) and<50
percent global glomerulosclerosis.

.

Class IV - advanced diabetic glomerulosclerosis (global glomerular sclerosis in> 50%
of glomeruli) with > 50 % glomerulosclerosis [6].
2.1.2. Classification according to severity of interstitial fibrosis and tubular lesion
•
A score of 0 is assigned if the interstitium has no areas of interstitial fibrosis and tubular
atrophy (IFTA); scores of 1, 2, or 3 are assigned if areas of IFTA <25, 25 to 50 or >50 percent,
respectively.
•
A score of 0 is assigned if no T lymphocytes or macrophage infiltrate is present. Scores
of 1 or 2 are assigned if infiltrate is limited to the area surrounding atrophic tubules, or if infiltrate is not limited, respectively.
•
Scores of 0, 1, or 2 are assigned if there is either no arteriolar hyalinosis, one arteriole,
or more than one arteriole with hyalinosis is present. In addition, the most severely affected
arteriole is assigned a score of 0, 1, or 2 if there is no intimal thickening, intimal thickening <
thickness of media or intimal thickening > thickness of the media [7].
2.1.3. Classification according to glomerular filtration rate (GFR) and albuminuria category (Kidney Disease Improving Global Outcomes (KDIGO)
a] GFR categories

.
.

G1 - GFR > 90 mL/minute/1.73 m2 (normal or high)
G2 - GFR 60-89 mL/minute/1.73 m2 (mildly decreased compared to young

adult level)

.
.
.
.

G3a - GFR 45-59 mL/minute/1.73 m2 (mild-to-moderately decreased)
G3b - GFR 30-44 mL/minute/1.73 m2 (moderate-to-severely decreased)
G4 - GFR 15-29 mL/minute/1.73 m2 (severely decreased)
G5 - GFR < 15 mL/minute/1.73 m2 (kidney failure)
3
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b) Albuminuria categories

.

A1 - albumin excretion rate (AER) < 30 mg/24 hours, albumin to creatinine ratio
(ACR) < 30 mg/g (3 mg/mmol) (normal-to-mildly increased proteinuria)

.

A2 - AER 30-300 mg/24 hours, ACR 30-300 mg/g (3-30 mg/mmol) (moderately
increased proteinuria)

.

A3 - AER > 300 mg/24 hours, ACR > 300 mg/g (30 mg/mmol) (severely increased proteinuria [including nephrotic syndrome]) [8].
2.2. Risk factors
There are a number of risk factors for the development of diabetic nephropathy. Some
of the more likely factors are:
Genetic susceptibility: Genetic susceptibility is an important determinant of both the
incidence and severity of diabetic nephropathy. The likelihood of developing diabetic nephropathy is increased in patients with a diabetic sibling or parent who has diabetic nephropathy;
these observations have been made in both type 1 and type 2 diabetes patients [9].
Race: The incidence and severity of diabetic nephropathy is increased in the AfroCaribbean population (3- to 6-fold increment compared to Caucasians), Mexican-Americans,
and Pima Indians with type 2 diabetes. This observation in such genetically disparate populations suggests a primary role of socio-economic factors, such as diet as well as poor control of
hyperglycaemia, hypertension, and obesity [10].
Age: The impact of age at onset of diabetes on the risk of developing nephropathy and
end-stage renal disease is unclear. As an example, among patients with type 2 diabetes (but not
type 1), increasing age, along with increasing duration of diabetes, has been associated with an
increased risk for developing albuminuria in an Australian population [11].
Hypertension: Many prospective studies have noted an association between the development of diabetic nephropathy and higher systemic blood pressures [12].
Glomerular filtration rate: Those patients with glomerular hyperfiltration appear to be
at increased risk for diabetic renal disease. This is particularly true for overt nephropathy if the
initial GFR is above 150 mL/min; by comparison, lesser degrees of hyperfiltration may have a
slower course of nephropathy development [13].
Poorly controlled diabetes it is a well-established fact that poor glycaemic control is
associated with earlier onset of overt nephropathy development and this has been proven in
several different studies [14].
4
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Smoking: Smoking increases albuminuria and the risk of end-stage renal disease. It
also has been shown to decrease survival once patients are on dialysis [15].
Obesity - A high body mass index (BMI) has been associated with an increased risk of
chronic kidney disease among patients with diabetes. Diet and weight loss has been shown to
reduce albuminuria and improve kidney function in such patients [16].
Oral Contraceptive Pill (OCP) - There has been a suggested link between oral contraceptive use and the risk of development of diabetic nephropathy in one report [17].
Hypercholesterolemia - Poorly controlled cholesterol level is also associated with adverse prognosis related to diabetic kidney disease [18].
Persistently increased albuminuria: Severely increased albuminuria, formerly called
“macro-albuminuria,” is strongly associated with and predictsfuture development of severe
nephropathy with decreased eGFR [19].
Acute kidney injury: Acute kidney injury is associated with increased future risk of
developing advanced chronic kidney disease in patients with diabetes [20].
Vitamin D deficiency: This may be associated with increased risk of diabetic nephropathy. This is based on a cross-sectional study of 1,216 adults ≥ 20 years old with diabetes
who were evaluated for vitamin D deficiency and insufficiency and occurrence of diabetic
nephropathy - nephropathy was seen in 30.7% of those who were Vitamin D deficient or insufficient [21].
3. Relationship between Retinopathy/Neuropathy and Diabetic Nephropathy
Patients with nephropathy and type 1 diabetes almost always have other signs of diabetic microvascular disease, such as retinopathy and neuropathy. Retinopathy is easy to detect
clinically, and typically precedes the onset of overt nephropathy in these patients. The converse is not true. Type 2 diabetes patients with marked proteinuria and retinopathy most likely
have diabetic nephropathy, while those without retinopathy tend to have a high frequency of
nondiabetic kidney disease. Blindness due to severe proliferative retinopathy or maculopathy
is approximately five times more frequent in types 1 and 2 diabetic patients with nephropathy
than in normoalbuminuric patients. Macroangiopathies (e.g., stroke, carotid artery stenosis,
coronary heart disease, peripheral vascular disease) are two to five times more common in patients with diabetic nephropathy and, as stated earlier, macroangiopathy is the major cause of
mortality rather than ESKD for patients with diabetic nephropathy [22]. Peripheral neuropathy
is present in almost all patients with advanced nephropathy. Foot ulcers with sepsis leading
to amputation occur frequently (>25% of cases), probably due to a combination of neural and
arterial diseases. Autonomic neuropathy may be asymptomatic and manifest simply as abnor5
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mal cardiovascular reflexes, or it may result in debilitating symptoms. Almost all patients with
nephropathy have grossly abnormal results on autonomic function tests [23].
4. Nondiabetic Kidney Disease
Proteinuria and/or haematuria in diabetes mellitus is occasionally due to a glomerular
disease other than diabetic nephropathy. Examples include membranous nephropathy, minimal change disease, IgA nephropathy, focal segmental glomerulosclerosis, Henoch-Schönlein
purpura (IgA vasculitis), thin basement membrane disease, proliferative glomerulonephritis,
collapsing glomerulopathy, and pauci-immune crescentic glomerulonephritis. With regards
to membranous nephropathy, porcine insulin has been implicated to be an inciting antigen in
some patients.
When to suspect non-diabetic kidney disease?
1.

Onset of proteinuria less than five years from the documented onset of type 1 diabetes

2.

Acute onset of renal disease.

3.
The presence of an active urine sediment containing red cells (particularly acanthocytes) and cellular casts. However, haematuria and red cell casts can also be occasionally seen
in diabetic nephropathy.
4.

Absence of retinopathy or neuropathy [24].

5. Pathogenesis
There are a number of mechanisms by which hyperglycemia triggers the basic pathogenic changes in diabetic nephropathy. Listed below are some common immune triggers and
markers:
Hyperglycaemia may directly induce mesangial expansion and injury, perhaps in part
via increased matrix production or glycation of matrix proteins. In vitro studies have demonstrated that hyperglycaemia stimulates mesangial cell matrix production and mesangial cell
apoptosis. Glomerulosclerosis may result from intra glomerular hypertension induced by renal
vasodilatation, or from ischemic injury induced by hyaline narrowing of the vessels supplying
the glomeruli. The role of glomerular hypertension and hyperfiltration in diabetic nephropathy
is reinforced by the apparent benefits of blockade of the renin-angiotensin system. Antagonizing the profibrotic effects of angiotensin II may also be a significant factor in benefits observed
with these agents [25].
Glycation of tissue proteins also may contribute to the development of diabetic nephropathy and other microvascular complications. In chronic hyperglycemia, some of the excess
6
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glucose combines with free amino acids on circulating or tissue proteins. This non-enzymatic
process initially forms reversible early glycation products and, later, irreversible advanced
glycation end products (AGEs). Circulating AGE levels are increased in diabetes, particularly
those with renal insufficiency, since AGEs are normally excreted in the urine. The net effect
is tissue accumulation of AGEs, in part by crosslinking with collagen, which can contribute to
the associated renal and microvascular complications. Other proposed mechanisms by which
hyperglycaemia might promote development of diabetic nephropathy include activation of
protein kinase C, and upregulation of heparanase expression.
Activation of cytokines, profibrotic elements, inflammation, and vascular growth factors (vascular endothelial growth factor, VEGF) may be involved in the matrix accumulation in diabetic nephropathy. A potentially pathogenic role for VEGF in diabetic nephropathy
is supported by the observation that VEGF blockade improves albuminuria in experimental
models of diabetic nephropathy [26]. Hyperglycaemia also increases the expression of transforming growth factor-beta (TGF-beta) in the glomeruli and diabetes is associated with decreased expression of renal bone morphogenic protein-7 (BMP-7), which appears to counter
the profibrogenic actions of TGF-beta [27]. It has been shown that the administration of hepatocyte growth factor, which specifically blocks the profibrotic actions of TGF-beta, ameliorates diabetic nephropathy in mice. Renal expression of nephrin may be impaired in diabetic
nephropathy. When compared with nondiabetic patients with minimal change nephropathy
and controls, patients with diabetic nephropathy had markedly lower renal nephrin expression
[28].
Defects in podocyte-specific insulin signalling may contribute to diabetic nephropathy.
Mouse models have been generated in which the gene encoding the insulin receptor is deleted
in a podocyte-specific manner.
6. Comparison of Nephropathy between Type 1 and Type 2 diabetes:
•
Renal pathology and structural-functional relationships has been less well studied in
type 2 diabetes patients, despite more than 80% of diabetes patients with ESRD have type 2
diabetes.
•
Proteinuric white Danish patients with type 2 diabetes were reported to have structural
changes similar to those of proteinuric patients with type 1 diabetes, and the severity of these
changes was strongly correlated with the subsequent rate of decline of GFR; however, the
study also noted that some proteinuric patients with type 2 diabetes had little or no evidence of
diabetic glomerulopathy.
•
A study of 52 type 2 diabetic patients from Northern Italy who underwent biopsy for
clinical indications described greater heterogeneity in renal structure, with one third having
7
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nondiabetic renal diseases.
•
In a Danish study, 75% of unselected proteinuric type 2 diabetic patients had histological
evidence of diabetic nephropathy but 25% had a variety of nondiabetic glomerulopathies, including minimal lesions, glomerulonephritis, mixed diabetic and glomerulonephritis changes,
and chronic glomerulonephritis [29]. Marked heterogeneity in renal histopathological structure is present in type 2 diabetic patients with increased proteinuria.
•
Only a minority of patients have histopathologic patterns resembling those typically
present in patients with type 1 diabetes; the typical pattern is 30% of patients with microalbuminuria and 50% of those with proteinuria. The remainder have minimal renal abnormalities
or tubulo-interstitial, vascular, and global glomerulosclerotic changes, which are disproportionally severe relative to the diabetic glomerulopathy lesions (atypical pattern, about 40% of
patients with microalbuminuria and proteinuria).
•
In type 2 diabetes, a reduced GFR in the presence of a normal albumin excretion rate
is a common finding. Ekinci and colleagues have recently described that among normoalbuminuric type 2 diabetic patients with impaired renal function, only a subset had typical diabetic
glomerulopathy, whereas the remaining patients had predominantly tubulo-interstitial and vascular changes [30].
•
Most studies dealing with the natural history of diabetic nephropathy have demonstrated
a relentless, often linear rate of decline in GFR. Importantly, this rate of decline is highly variable across individuals, ranging from 2 to 20 mL/min/yr, with a mean of about 12 mL/min/yr.
Type 2 diabetes patients with nephropathy display the same degree of loss in filtration function
and variability of GFR.
7. Other Renal Pathology found in Patients with Diabetes
•
Minimal change nephrotic syndrome and membranous nephropathy occur with greater
frequency in patients with type 1 diabetes than in nondiabetic persons.
•
Fewer than 1% of patients with type 1 diabetes for 10 years or longer and fewer than 4%
of those with proteinuria and long duration of diabetes will be found to have conditions other
than, or in addition to, diabetic nephropathy.
•
Proteinuric type 2 diabetic patients without retinopathy may have a high incidence of
atypical renal biopsy findings or other diseases. Proteinuric patients with type 1 diabetes of
less than 10 years’ duration and type 2 diabetic patients without retinopathy should be thoroughly evaluated for other renal diseases, and a renal biopsy is strongly considered.
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•

Other causes of nodular glomerulosclerosis:

•
Dysproteinemias such as amyloidosis and monoclonal immunoglobulin deposition diseases (MIDD), mostly kappa light chain deposition disease.
•
Organized glomerular deposition diseases, fibrillary and immunotactoid glomerulonephritis, fibronectin glomerulopathy, and collagen III glomerulopathy.
•
Chronic hypoxic or ischemic conditions, such as cyanotic congenital heart disease, Takayasu’s arteritis with renal artery stenosis, or cystic fibrosis
•

Chronic membrano-proliferative glomerulonephritis (type I)

•
Idiopathic nodular glomerulosclerosis, which is frequently associated with smoking, hypertension and metabolic syndrome, but without overt diabetes mellitus [31].
8. Reversibility of Diabetic Nephropathy Lesion
Mesangial expansion present after 7 months of diabetes was reversed within 2 months
after normoglycemia was induced by islet transplantation in rats with streptozotocin-induced
diabetes. But it was disappointing to note that no improvement in diabetic nephropathy lesions
in their native kidneys was found after 5 years of normoglycemia following successful pancreatic transplantation in type 1 patients with a diabetes duration of approximately 20 years. After
10 years of normoglycemia, however, these same patients showed marked reversal of diabetic
glomerulopathy lesions. Thus, GBM and TBM width were reduced at 10 years compared with
the baseline and 5-year values, with several patients having values at 10 years that had returned
to the normal range; primarily due to a marked decrease in mesangial matrix fractional volume.
Remarkable glomerular architectural remodelling was seen by light microscopy, including the
complete disappearance of Kimmelstiel-Wilson nodular lesions. The reason for the long delay
in this reversal process is not understood but could include epigenetic memory of the diabetic
state, the slow process of replacement of glycated by nonglycated ECM, or other as yet undetermined processes. More recently, remodelling and healing in the tubulo-interstitium has also
been demonstrated in these same patients. These studies have demonstrated reduction in total
cortical interstitial collagen and underscore the remarkable potential for healing of kidney tissue that has been damaged by long-standing diabetes. Blockade of the renin angiotensin aldosterone system (RAAS) for 5 years did not lead to regression or slowing of the progression of
diabetic glomerulopathy lesions in young patients with type 1 diabetes and normoalbuminuria.
Whether healing can be induced by treatments other than cure of the diabetic state is currently
unknown [32].

9
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9. Diabetic Nephropathy and Hypertension
•
Several studies have demonstrated blood pressure elevation in children and adults with
type 1 diabetes and microalbuminuria.
•
The prevalence of arterial hypertension (according to Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure
[33] criterion of ≥140/90 mm Hg) in adult patients with type 1 diabetes increases with urine
albumin level, and prevalence rates reported are 42%, 52%, and 79% in those with normoalbuminuria, microalbuminuria, and macroalbuminuria, respectively.
•
The prevalence of hypertension in those with type 2 diabetes (mean age, 60 years) was
reported to be higher in comparison —71%, 90%, and 93% in the normoalbuminuria, microalbuminuria, and macroalbuminuric groups, respectively.
•
A genetic predisposition to hypertension in type 1 diabetes patients who develop diabetic nephropathy has been suggested, but other studies have not confirmed this. The original
finding was confirmed by using 24-hour blood pressure monitoring in a large group of parents
of type 1 diabetic patients, with and without diabetic nephropathy [33].
•
The cumulative incidence of hypertension was found to be higher among parents of proteinuric patients, with a shift toward a younger age at the onset of hypertension in this parental
group. However, the difference in prevalence of parental hypertension was not evident when
office blood pressure measurements were used.
•
Several studies have reported that sodium and water retention play a dominant role in
the initiation and maintenance of systemic hypertension in patients with microalbuminuria and
diabetic nephropathy, whereas the contribution of the RAAS is somewhat smaller [33].
10. Albuminuria
•
A preclinical phase of diabetic nephropathy consisting of a normoalbuminuric and microalbuminuric stage and a clinical phase characterized by albuminuria has been well documented in both types 1 and 2 diabetic patients.
10.1. Normoalbuminuria
•
Approximately one third of type 1 diabetic patients will have a GFR above the
upper normal range for age-matched healthy nondiabetic subjects. The degree of hyperfiltration is less in type 2 diabetic patients, and hyperfiltration is even reported to be lacking in some
studies [34].
•

The GFR elevation is particularly pronounced in patients with newly diagnosed
10
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diabetes and during other intervals with poor metabolic control. Intensified insulin treatment
and control to near-normal blood glucose levels reduces the GFR toward normal levels after a
period of days to weeks in both types 1 and 2 diabetes patients
•
Four factors seem to regulate GFR. Firstly, the glomerular plasma flow influences the mean ultrafiltration pressure and there by GFR. Enhanced renal plasma flow has
been demonstrated in both types 1 and 2 diabetic patients with elevated GFR. Secondly, GFR
is also regulated by the systemic oncotic pressure, which is reported to be normal in diabetes
as calculated from plasma protein concentrations. The third determinant of GFR is the glomerular trans-capillary hydraulic pressure difference, which cannot be measured in humans.
However, the demonstrated increase in filtration fraction is compatible with an enhanced transglomerular hydraulic pressure difference. The last determinant of GFR is the glomerular ultrafiltration coefficient, [Kf], which is determined by the product of the hydraulic conductance of
the glomerular capillary and the glomerular capillary surface area available for filtration. Total
glomerular capillary surface area is clearly increased at the onset of human diabetes.
•
Longitudinal studies have suggested that hyperfiltration is a risk factor for subsequent increase in urinary albumin excretion and development of diabetic nephropathy in type
1 diabetic patients, but conflicting results have also been reported.
•
The prognostic significance of hyperfiltration in type 2 diabetic patients is still
debated. Six prospective cohort studies following normoalbuminuric types 1 and 2 diabetic
patients for 4 to 10 years revealed that slight elevation of urinary albumin excretion, which remained in the normal range and poor glycemic control, hyperfiltration, elevated arterial blood
pressure, retinopathy, and smoking contribute to the development of persistent microalbuminuria and overt diabetic nephropathy [35].
•
For reasons that are not well understood, the degree of albuminuria is not necessarily linked to disease progression in patients with diabetic nephropathy in both type 1 or
type 2 diabetes. This was illustrated in a report of 79 patients with type 1 diabetes from the
Joslin Kidney Study who were followed for a mean of 12 years after the onset of moderately
increased albuminuria [36].
•
Recently, an elevated serum uric acid level was found to be a predictor of the
development of diabetic nephropathy in type 1 diabetic patients, and a multicentre study has
been initiated to study whether lowering uric acid in patients with early diabetic nephropathy
preserves renal function.
10.2. Moderately increased albuminuria
•

Recently, for CKD in general, it has been suggested to use the term moderately in11
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creased albuminuria [37] instead of microalbuminuria. In addition to hyperglycemia, many
other factors can induce microalbuminuria in diabetic patients, such as hypertension, obesity,
heavy exercise, various acute or chronic illnesses, and cardiac failure.
•
The demonstration that microalbuminuria diminishes promptly with acute reduction in
arterial blood pressure argues that reversible hemodynamic factors play an important role in
the pathogenesis of microalbuminuria. Imanishi and colleagues have demonstrated that glomerular hypertension is present in type 2 diabetic patients with early nephropathy and is closely
correlated with increased urinary albumin excretion. In addition, increased pressure has been
demonstrated in the nail fold capillaries of microalbuminuric type 1 diabetic patients.
•
GFR, measured using the single-injection, chromium-51–radiolabelled ethylenediaminetetraacetic acid (51Cr-EDTA) plasma clearance method or renal clearance of inulin is
normal or slightly elevated in type 1 diabetic patients with microalbuminuria. Prospective
studies have demonstrated that GFR remains stable at normal or supranormal levels for at least
5 years if clinical nephropathy does not develop. Nephromegaly is still present and is even
more pronounced in micro-albuminuric than in normo-albuminuric type 1 diabetic patients. In
microalbuminuric type 2 patients, GFR declines at rates of about 3 to 4 mL/min/yr.
11. Haematuria
•
The urine sediment in diabetic nephropathy is usually bland and haematuria is unusual
in diabetes. However, microscopic haematuria can occur as it can in any form of glomerular
disease, including disorders such as membranous nephropathy that are not associated with
glomerulonephritis. This is an important issue in diabetic nephropathy since nondiabetic renal
disease, either alone or with diabetic nephropathy, is occasionally seen in patients with diabetes.
•
Red blood cell casts have also been described in patients with diabetic nephropathy. The
clinical significance of this finding was evaluated in a study of eight patients with haematuria,
red blood cell casts, and known diabetes for 6 to 18 years. Renal biopsy, including immunofluorescence and electron microscopy, revealed glomerulonephritis in three (post-infectious in
two and IgA nephropathy in one). The other five patients had only diabetic nephropathy.
11.1. Making the diagnosis
One needs to consider a diagnosis of diabetic kidney disease patients with diabetes with
any of the following:
Albuminuria of > 300 mg/24 hours or albumin to creatinine ratio > 300 mg/g (also
called macroalbuminuria) [38]. It has been suggested that adjusting the urinary albumin concentration for urinary creatinine concentration may not only correct for diuresis, but elevated
12
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ratios may reflect two independent risk factors-elevated albumin excretion, reflecting renal and
vascular damage, and reduced creatinine excretion, associated with reduced muscle mass.The
excretion of albumin in the urine is determined by the amount filtered across the glomerular
capillary barrier and the amount reabsorbed by the tubular cells. A normal urinary β2 -microglobulin excretion rate in microalbuminuria suggests that albumin is derived from enhanced
glomerular leakage rather than from reduced tubular reabsorption of protein.
Albuminuria of 30-300 mg/24 hours or albumin to creatinine ratio 30-300 mg/g (also
called microalbuminuria) plus retinopathy.
Microalbuminuria plus type 1 diabetes of ≥ 10 years duration- the daily variation in
urinary AER is high, 30% to 50%. Consequently, more than one urine sample is needed to
determine whether an individual patient has persistent microalbuminuria. Urinary albumin
excretion in the micro-albuminuric range (30 to 300 mg/24 hr) in at least two of three consecutive nonketotic sterile urine samples is the generally accepted definition of persistent microalbuminuria. For convenience, it has been recommended to use early morning spot urine
samples for screening and monitoring.
Albuminuria based on elevated albumin to creatinine ratio should be confirmed with
additional 2 first-voided urine specimens during subsequent 3-6 months. Determination of the
IgG/IgG 4 ratio suggests that loss of glomerular charge selectivity precedes or accompanies
the formation of new glomerular macromolecular pathways in the development of diabetic
nephropathy. Reduction in the negatively charged moieties of the glomerular capillary wall,
particularly sialic acid and heparan sulphate, has been suggested, but not all studies have confirmed these findings [39].
Consider nondiabetic causes of chronic kidney disease if any of the following are present:
•

absence of diabetic retinopathy

•

low or rapidly decreasing glomerular filtration rate

•

rapidly increasing proteinuria or nephrotic syndrome

•

refractory hypertension

•

active urinary sediment

•

signs or symptoms of other systemic disease

•
> 30% reduction in glomerular filtration rate within 2-3 months after starting angiotensin-converting enzyme inhibitor or angiotensin receptor blocker therapy
13
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Causes of transient increases in albuminuria include:
•

fever

•

high-salt diet

•

vigorous exercise in previous 24 hours

•

infection

•

dehydration

•

heart failure

12. Investigations
Annual screening for diabetic kidney disease is recommended startingat diagnosis with
type 2 diabetes and ≥ 5 years after diagnosis with type 1 diabetes. Screening should includemeasurement of urinary albumin to creatinine ratio (ACR) in spot urine sample and measurement of serum creatinine and estimation of estimated glomerular filtration rate (eGFR).
Additional testing should be done if abnormal urine albumin excretion is present persistently:
this may include confirmation first by 2 additional urine specimen testing for ACRwithin 1-2
months, tests to rule out nondiabetic causes of kidney disease if suspicion exists and kidney
biopsy if uncertainty exists about the exact diagnosis.
13. Monitoring Blood Glucose Control in Patients with Chronic Kidney Disease
National Kidney Foundation Kidney Disease Outcomes Quality Initiative (NKF KDOQI) suggests using HbA1c to measure blood sugar control in patients with CKD and diabetes.
However, HbA1C may not be reflective of glucose control in people with CKD who have
reduced red cell life span, and thus should be interpreted with caution; reviewing blood sugar
daily logs may be more reliable. Albumin corrected fructosamine was reported to reliably indicate glycaemic control in 30 patients with diabetes and CKD stages 3-4 but HbA1c underestimated glycaemic control. Glycated albumin is reported to more accurately reflect glycaemic
control compared to fructosamine and HbA1c in 25 patients with diabetes and CKD stage 4-5.
Glycated albumin was also found to better estimate glycaemic control than HbA1c detected
in a study in 25 patients with diabetes on haemodialysis. HbA1c and albumin-corrected fructosaminehas been reported to reliably indicate glycaemic control in patients with diabetes on
peritoneal dialysis.
14. Kidney Biopsy and Pathology
Kidney biopsy is not often required but may be occasionally undertaken to definitely
14
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diagnose diabetic glomerulopathy (possibility exists of serious diabetic glomerular lesions in
patients with normoalbuminuria and normal glomerular filtration rate) in patients with a suspicion of non-diabetic kidney pathology. Typical findings in patients with type 1 diabetes and
macroalbuminuriamay include increased mesangial volume and glomerular basement membrane (GBM) thickness. Tubulo-interstitial pathology findings in patients with type 1 diabetes
and microalbuminuria are generally less severe. In patients with type 2 diabetes and microalbuminuria, about 40% show changes similar to type 1 diabetes, 30% show tubulo-interstitial,
vascular, and/or glomerulosclerotic lesions unrelated to classic diabetic glomerulopathy and
about 30% have normal or near normal biopsy results.
15. Treatment
15.1. Protein restriction
American Diabetes Association (ADA) recommendations [40] on protein intake in patients with diabetes and diabetic kidney disease recommends normal daily protein allowance
(0.8 g/kg/day) for patients with non-dialysis dependent diabetic nephropathy and a higher
protein intake for patients on dialysis. National Kidney Foundation Kidney Disease Outcomes
Quality Initiative (NKF KDOQI) recommends target dietary protein intake 0.8 g/kg/day for
people with diabetes and chronic kidney disease stages 1-4. Protein-restricted diet may slightly
slow progression of diabetic nephropathy and might reduce risk of end-stage kidney disease or
death. Low-protein diet may reduce proteinuria and HbA1c but may not improve glomerular
filtration rate. Reducing animal protein in diet may improve cardiovascular risk measures and
might improve markers of kidney function.
A low-carbohydrate, low-iron diet enriched with polyphenols may delay progression of
nephropathy and reduce composite outcome of kidney replacement therapy or death compared
to conventional protein-restricted diet in patients with type 2 diabetes.
15.2. Salt intake and proteinuria
A high salt intake has been shown to blunt the antiproteinuric effects of angiotensin inhibitors in patients with nondiabetic kidney disease. Salt restriction and/or diuretics enhance
the effect of renin-angiotensin blockade on proteinuria in these patients. Thus, patients on
ACE inhibitors or ARBs who do not have sufficient reduction in proteinuria despite appropriate blood pressure goals should be instructed to take a low-sodium diet. An assessment of
baseline sodium intake can be undertaken by obtaining a 24-hour urine for sodium and creatinine. This can be repeated after several months on the low-sodium diet to determine the actual
sodium intake if there is insufficient reduction in proteinuria. Salt restriction to ≤70 meq/day
has been found to enhance the antiproteinuric effects of ARB in patients with type 2 diabetes.
However, this degree of restriction may be difficult to achieve and maintain, and it is recom15
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mended restricting sodium intake to approximately ≤100 meq/day. If a low-sodium diet is not
possible, administration of a diuretic partially corrects the loss of antiproteinuric effect due to
a high sodium intake [3,40].
15.3. Glycaemic control
HbA1c target < 7% (53mmol/mol) has been recommended for most nonpregnant adults
with type 1 or type 2 diabetes [41], but goals should be individualized. HbA1c about 7%
(53mmol/mol) is recommended to prevent or delay progression of microvascular complications of diabetes including diabetic nephropathy. One may need to consider more stringent target (such as < 6.5% or 48mmol/mol) in selected patients (early in disease course) if achievable
without significant hypoglycaemia or other adverse effects. Less stringent target (such as < 8%
or 64mmol/mol) may be appropriate for patients with risk for hypoglycemia, comorbidities, or
limited life expectancy.
In the Diabetes Control and Complications Trial (DCCT) [42], intensive therapy reduced the occurrence of microalbuminuria by 39% (95% CI, 0.21 to 0.52), and that of albuminuria by 54% (95% CI, 0.19 to 0.74) when the primary and secondary prevention cohorts
were combined for analysis.
With further follow-up of DCCT patients in the Epidemiology of Diabetes Interventions
and Complications (EDIC) study [42], it was demonstrated that the reduction in the development of microalbuminuria and albuminuria translated into a 50% reduced risk (95% CI, 0.18
to 0.69; P = 0.006) of development of impaired renal function (eGFR < 60).
In Japanese type 2 diabetic patients, a beneficial impact of strict glycaemic control on
the progression of normoalbuminuria to microalbuminuria and macroalbuminuria was also
demonstrated in a small study with a design similar to that of the DCCT.
Results of this study have been confirmed and extended by data from the UK Prospective Diabetes Study (UKPDS) [43] documenting a progressively beneficial effect of intensive
metabolic control on the development of microalbuminuria and overt proteinuria, and a 10year post study follow-up demonstrated a long-lasting beneficial effect. This beneficial effect was confirmed in the Action in Diabetes and Vascular Disease: Preterax and Diamicron
Modified-Release Controlled Evaluation (ADVANCE) study [44], in which 11,140 patients
with type 2 diabetes were followed for a median of 5 years and a 21% reduction in the development of nephropathy (95% CI, 0.07 to 0.34) was seen in patients randomly assigned to strict
glycemic control. The same trend was seen in the smaller Veterans Affair Diabetes Trial [45],
but the values did not reach statistical significance.
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15.4. Insulin
Intensive insulin therapy may delay onset of and slow progression of microalbuminuria
and albuminuria (reduced risk of increased serum creatinine, albuminuria, and hypertension
may continue 7-8 years after intensive therapy). This is based on evidence from the Diabetes Control and Complications Trial (DCCT) and Epidemiology of Diabetes Intervention and
Complications (EDIC) observation findings of long-term benefit of initial intensive control
referred to as metabolic memory. It is advisable to monitor blood glucose levels closely in
patients with worsening kidney function and adjust dose of appropriate medications as needed
to avoid hypoglycaemia.
15.5. Benefits of intensive insulin therapy
It can partially reverse the glomerular hypertrophy and hyperfiltration (both in the basal
state and after a protein load) that are thought to be important risk factors for glomerular injury.
It can delay the development of elevated albumin excretion. Intensive therapy to near-normal
glycaemia reduces the onset or progression of diabetic nephropathy for years after less intensive therapy. It can stabilize or decrease protein excretion in patients with increased albumin
excretion, although this effect may not be apparent until relative normoglycemia has been
maintained for about two years. Furthermore, the restoration of eu-glycaemia with pancreas
transplantation in patients with type 1 diabetes prevents recurrent nephropathy in a renal allograft.It can slow the progression of glomerular filtration rate (GFR) decline.Studies suggest
that strict glycaemic control may also slow the rate of progressive renal injury even after overt
dipstick-positive proteinuria has developed.
15.6. Metformin
Metformin is contraindicated in renal failure when eGFR is less than 30ml/min (dose
needs to be reduced to 1gm/day when eGFR is between 30-45ml/min). Risk of lactic acidosis
is present but probably over-exaggerated [42].
15.7. Sulfonylureas
First-generation sulfonylureas (chlorpropamide) have been associated with prolonged
and severe hypoglycemia in patients with poor kidney function. They may also aggravate heart
failure or fluid retention (antidiuretic effect) and may cause syndrome of inappropriate antidiuretic hormone.
Second generation sulfonylurea as like gliclazide and glipizide elimination half-life is
generally not affected by renal dysfunction. They are the sulfonylureas of choice in patients
with advanced kidney disease dosage but adjustment may be necessary to avoid hypoglycaemia. With glyburide, there is increased risk of hypoglycemia in patients with kidney failure
17
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and patients with advanced chronic kidney disease due to increased half-life.
Third generation sulphonylureas like glimeperide needs dose reduction in patients with
decreased GFR and prolonged hypoglycemia has been reported in patients with renal dysfunction.
15.8. Thiazolidinediones (glitazones)
Pioglitazone does not need dose adjustment needed in patients with poor renal reserve
and can be used even in patients with stage 5 CKD. In the setting of renal failure, caution is
needed against heart failure and fluid retention.
15.9. Meglitinides
Repaglinide half-life is increased with kidney dysfunction and in patients on dialysis.
No dose reduction is needed with chronic kidney disease, caution is advised with kidney impairment. Nateglinide has been associated with hypoglycemia in patients with low GFR and
should be used cautiously in patients with kidney disease.
15.10. Dipeptidyl peptidase IV (DPP-4) inhibitors (Gliptins)
Gliptins are safe to be used in renal impairment. Whereas no dose reduction is required
with linagliptin (mostly excreted in bile)- dosage adjustment is advocated with most other
gliptins like sitagliptin, saxagliptin, alogliptin and vildagliptin as all these are predominantly
renally excreted [46].
15.11. Glucagon-like peptide-1 (GLP-1) receptor agonists
Exenatide should be avoided if creatinine clearance < 30 mL/minute. Liraglutide can
be used up to an eGFR of 30ml/min but caution is required when initiating or escalating dose
in patients with renal failure. Once weekly dulaglutide has also got license to be used up to an
eGFR of 30ml/min [47].
15.12. Sodium-glucose cotransporter 2 (SGLT2) inhibitors
SGLT2 inhibitors as a class in patients with renal impairment is not recommended when
eGFR is less than 60 ml/min although recent trial EMPA-REG has shown some benefit in proteinuria reduction and slowing progression in CKD when used in patients with eGFR < 60ml/
min [48].
16. Blood Pressure Control
Blood pressure targets in patients with diabetes varies, and can range from < 130/80
mm Hg to < 140/90 mm Hg. However, most of these BP recommendations are not specific to
18
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patients with diabetes and chronic kidney disease (CKD). National Kidney Foundation Kidney
Disease Outcomes Quality Initiative (NKF KDOQI) guidelines recommend target blood pressure < 130/80 mm Hg for patients with diabetes and chronic kidney disease. Kidney Disease:
Improving Global Outcomes (KDIGO) guideline for adults with chronic kidney disease and
diabetes recommend target blood pressure ≤ 140/90 mm Hg if urine albumin excretion < 30
mg/24 hours and ≤ 130/80 mm Hg if urine albumin excretion > 30 mg/24 hours. American
Diabetes Association (ADA) recommends systolic blood pressure < 140 mm Hg and diastolic
blood pressure < 90 mm Hg to reduce risk or slow progression of diabetic kidney disease.
Eighth Joint National Committee (JNC 8) recommends target blood pressure < 140/90 mm Hg
for patients with diabetes (JNC8 Expert opinion) and for patients with chronic kidney disease
but did not make recommendation specific to combination of diabetes and chronic kidney disease [49].
•
Angiotens in-converting enzyme (ACE) inhibitors or angiotensin receptor blockers
(ARBs) should be used in patients with diabetes if
•

urinary albumin excretion ≥ 300 mg/day

•

consider use if urinary albumin excretion 30-299 mg/day

•

urine albumin to creatinine ratio ≥ 30 mg/g

•

chronic kidney disease and hypertension.

•
Monitor serum creatinine and potassium levels periodically for worsening of serum
creatinine and hyperkalaemia if using ACE inhibitors, ARBs, or diuretics. Consider using diuretic, calcium channel blocker, or beta blockers if additional therapy needed to control blood
pressure or if patient unable to tolerate ACE inhibitors or ARBs
•
In pregnant women with diabetes and chronic kidney disease (NKF KDOQI), ACE inhibitors and ARBs before pregnancy may improve foetal and maternal outcomes, but discontinue as soon as a menstrual period is missed or after a positive pregnancy test. Use insulin to
control hyperglycaemia if pharmacologic therapy needed.
•
Canadian Society of Nephrology [50] recommends against prescribing angiotensin converting enzyme (ACE) inhibitors in combination with angiotensin II receptor blockers (ARBs)
for the treatment of hypertension, diabetic nephropathy and heart failure.
17. Angiotensin-Converting Enzyme (ACE) Inhibitors and ARB
The summary of all the trial evidence regarding the benefits of ACE inhibitor and ARBs
are as follows:
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•
The DIRECT study did not show any significant effect on the incidence of microalbuminuria [51].
•
The BENEDICT study has demonstrated that use of an ACE inhibitor, alone or in
combination with a calcium channel blocker, decreases the incidence of microalbuminuria in
hypertensive type 2 diabetic patients with normoalbuminuria [52]. The effect of the calcium
channel block verapamil alone was similar to that of placebo.
•
In the ADVANCE study, which included type 2 diabetic patients with or without hypertension, the fixed combination of perindopril and the diuretic indapamide reduced blood
pressureand new-onset microalbuminuria by 21% [44].
•
The Randomized Olmesartan and Diabetes Microalbuminuria Prevention (ROADMAP) study tested whether the angiotensin II receptor blocker olmesartan would reduce development of microalbuminuria in 4447 mostly hypertensive type 2 diabetic patients with
normoalbuminuria. Overall, there were slightly fewer cardiovascular events with olmesartan
but more fatal events, although numbers were very small[53].
•
In the ONTARGET study, 25,620 patients with atherosclerotic disease or diabetes
(38% with diabetes) who had end-organ damage were randomly assigned to treatment with
an ACEI, angiotensin receptor blocker (ARB), or both and were followed for a median of 56
months. Although the combination treatment reduced the increase in urinary AER, the number
of events for the composite primary outcome or doubling of the serum creatinine level, need
for dialysis, or death was similar for telmisartan ( N = 1147 [13.4%]) and ramipril ( N = 1150
[13.5%]; HR, 1.00; 95% CI, 0.92 to 1.09) but was increased with combination therapy ( N =
1233 [14.5%]; HR, 1.09; 95% CI, 1.01 to 1.18; P = 0.037). It is important to stress that the
ONTARGET study did not include significant numbers of patients with overt diabetic nephropathy. Therefore, the therapeutic risk or benefit for RAAS combination therapy in patients
with diabetic nephropathy could not be addressed by this study [54].
•
Patients intolerant to ACE inhibition (n = 5927), but otherwise similar at baseline to patients enrolled in the ONTARGET study, were randomly assigned to receive a placebo or ARB
in the TRANSCEND study. Albuminuria increased less in patients receiving the ARB than
in those receiving placebo (32% [95% CI, 0.23 to 0.41] vs. 63% [95% CI, 0.52 to 0.76]). Very
few patients (<2%) reached the prespecified renal end points, which were identical to those of
the ONTARGET study, and no difference was seen between treatment groups with regard to
these end points [55].
•
Parving and co-workers have evaluated the renoprotective effect of the angiotensin II
receptor antagonist irbesartan in hypertensive patients with type 2 diabetes and microalbuminuria in the IRMA 2 trial. Remission to normoalbuminuria was more common in the irbe20
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sartan-treated patients than in those treated with placebo [56].
•
The importance of this finding is a slower decrease in GFR, as also demonstrated in the
STENO-2 study [57].
•
The antiproteinuric effect of ACE inhibition in patients with diabetic nephropathy varies
considerably. Individual differences in the RAAS may influence this variation. Therefore, the
potential role of an ID polymorphism of the ACE gene on this early antiproteinuric responsiveness was tested in an observational follow-up study of young type 1 diabetic patients with
hypertension and diabetic nephropathy. The study found that type 1 diabetes patients with the
homozygous II genotype were particularly likely to benefit from commonly advocated renoprotective treatment [58].
•
The EUCLID Study demonstrated that urinary AER during lisinopril treatment was
57% lower in the II group, 19% lower in the ID group, and 19% higher in the DD group compared with the placebo group. Furthermore, the polymorphism of the ACE gene predicts therapeutic efficacy of ACEIs against the progression of nephropathy in type 2 diabetic patients
[59].
•
In the IDNT, 1715 hypertensive patients with nephropathy (mean serum creatinine 1.7
mg/dL [150 micromol/L]) due to type 2 diabetes were randomly assigned to irbesartan (300
mg/day), amlodipine (10 mg/day), or placebo. At 2.6 years, irbesartan was associated with a
risk of the combined endpoint (doubling of the plasma creatinine, development of end-stage
renal disease, or death from any cause) that was 23 and 20 percent lower than with amlodipine
and placebo, respectively; the values were 37 and 30 percent lower for doubling of the plasma
creatinine. These benefits were independent of the differences in the magnitude of blood pressure reduction among the groups, and the renal outcomes were best at systolic pressures below
134 mm Hg [60].
•
In the RENAAL trial [61], 1513 patients with type 2 diabetes and nephropathy (mean
serum creatinine 1.9 mg/dL [168 micromol/L]) were randomly assigned to losartan (50 titrating up to 100 mg once daily) or placebo, both in addition to conventional antihypertensive
therapy (but not ACE inhibitors). Compared to placebo, losartan reduced the incidence of a
doubling of the plasma creatinine by 25 percent and end-stage renal disease by 28 percent;
the mean follow-up was 3.4 years. These benefits were again not associated with differences
in blood pressure levels between the groups. Subsequent analysis of the RENAAL trial found
that the most significant risk factor for progressive kidney disease was the degree of proteinuria, both initially and after six months of therapy. Additional post-hoc evaluations of RENAAL
revealed the following:
•

Every 10 mmHg increase in the baseline systolic blood pressure was associated with an
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enhanced risk of end-stage renal disease or death by 6.7 percent.
•
Lowering albuminuria within the first six months correlated with a decreased subsequent cardiovascular risk. There was an 18 percent decrease in risk of a cardiovascular event
for every 50 percent decrease in the rate of albumin excretion.
•
Within all categories of attained blood pressure, a larger reduction in albuminuria correlated with a progressively lower risk of end-stage renal disease.
•
The presence of baseline retinopathy was associated with a poor renal outcome (increased proteinuria, decreased GFR, and development of end-stage renal disease) and a higher
risk of death.
•
However, all these ARB trials were underpowered and of too short duration to detect a
possible cardiovascular effect.
•
Olmesartan Reducing Incidence of Endstage Renal Disease in Diabetic Nephropathy
Trial (ORIENT) - 577 type 2 diabetic patients with macroalbuminuria were randomized to
the ARB olmesartan or placebo on top of the usual treatment (77% were treated with ACE
inhibition). The study found that there was no significant effect on the primary end point—
development of ESRD, death, or doubling of the serum creatinine level [62,63].
18. Combination Treatment with ACE Inhibitor and ARB (Dual Therapy)
Cost-effectiveness of early irbesartan treatment versus placebo, in addition to standard
conventional blood pressure–lowering treatment, has also been demonstrated. The beneficial
effect of RAAS blockade in microalbuminuric patients was also shown in the INNOVATION
study in an Asian population [64]. Current evidence suggests that dual therapy is not recommended in diabetic nephropathy. The Veterans Affairs Nephropathy in Diabetes study (VA
NEPHRON-D), a randomized placebo-controlled double-blind trial performed in 1448 mostly
male patients with diabetic nephropathy (mean estimated GFR [eGFR], 54 mL/min/1.73 m2;
mean albumin-to-creatinine ratio, 852 mg/g) showed thatcombination therapy and monotherapy groups had a similar rate of primary events (18.2 versus 21 percent). However, acute kidney injury requiring hospitalization or occurring during hospitalization was significantly more
common with dual therapy (18 versus 11 percent), as was severe hyperkalaemia (9.9 versus
4.4 percent) [65]. Additional data from the diabetes subgroup of the ONTARGET trial also
suggests similar findings.
19. Aldosterone Antagonists
Spironolactone [65] has been shown to decrease albuminuria and blood pressure in
patients with type 1 diabetes. Eplerenone [67] may reduce albuminuria in patients with type
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2 diabetes. Finerenone [68] was evaluated in a phase 2 dose-finding trial of 823 patients with
type 2 diabetes treated with an ACE inhibitor or ARB. The effect of seven different doses of finerenone (ranging from 1.25 mg/day to 20 mg/day) was compared with placebo on the change
in albuminuria at 90 days. A dose-dependent effect was observed, with albuminuria reductions
ranging from 21 to 38 percent with doses ranging from 7.5 mg/day to 20 mg/day. The incidence of hyperkalemia with finerenone treatment was low (1.5 percent); acute reductions in
eGFR were mild and were reversible after cessation of the study drug.
19.1. Aliskiren
The use of aliskiren a direct renin inhibitor, in combination with either an ACE inhibitor
or ARB does not appear to preserve renal function and increases the risk of adverse events.
This was shown in the multinational Aliskiren Trial in Type 2 Diabetes Using Cardiorenal Endpoints (ALTITUDE trial), which randomly assigned 8561 diabetic patients with either
pre-existing renal or cardiovascular disease to 300 mg/day aliskiren or placebo. At baseline,
the majority of patients had nephropathy; all patients received an ACE inhibitor or ARB at
baseline. After a median follow-up of 32.9 months, adverse events requiring cessation of randomized therapy (usually hyperkalemia) were significantly more frequent with aliskiren (13.2
versus 10.2 percent). Due to the lack of apparent benefit and higher risk of side effects, the trial
was stopped early [69].
19.2. Lipid lowering therapy
Study of Heart and Renal Protection (SHARP) investigated the effect of LDL lowering using a combination of simvastatin 20 mg and ezetemibe in 9270 patients with advanced
CKD (3023 on dialysis and 6247 not on dialysis). About 20% had diabetes. The treatment
reduced the incidence of major atherosclerotic events in a wide range of patients, including
diabetic patients, with advanced CKD. There was no effect on mortality [70].
NKF KDOQI recommendations regarding lipid-lowering medications:
•
LDL cholesterol-lowering medication (such as statin or statin/ezetimibe combination)
recommended for patients with diabetes and chronic kidney disease, including those who have
received a kidney transplant.
•

Do not start statin therapy in patients with diabetes who are treated by dialysis.

•
Atorvastatin might reduce mortality and cardiac events in patients with diabetes on
haemodialysis if baseline LDL cholesterol ≥ 145 mg/dL (3.76 mmol/L). This isbased on post
hoc subgroup analysis from 4D Study[71]where 1,255 patients with diabetes on haemodialysis
were analysed for baseline LDL cholesterol levels. 49% died at median follow-up of 4 years
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Atorvastatin was associated with reduced risk in patients with baseline LDL cholesterol ≥ 145
mg/dL (3.76 mmol/L)
Pitavastatin may reduce proteinuria compared to pravastatin in patients with type 2
diabetes and macroalbuminuria. Dose of atorvastatin does not appear to affect progression of
nephropathy in patients with type 2 diabetes and early kidney disease (based on randomized
trial without clinical outcomes). 119 patients (mean age 64 years) with type 2 diabetes and
microalbuminuria or proteinuria were randomized to atorvastatin 80 mg/day vs 10 mg/day and
followed for mean 2 years. There was no significant difference in glomerular filtration rate,
creatinine clearance, serum creatinine, cystatin C, urine protein or albumin excretion between
high- or low-dose atorvastatin. There was no significant difference in death or adverse events
either (PANDA trial) [72].
20. Conclusion
Diabetic Nephropathy (DN) is a significant risk for not only developing end stage renal
disease but also cardiovascular disease. Natural progression and history of DN is different for
type 1 and type 2 diabetes. There are various risk factors for development and progression of
DN, some genetic but mostly environmental. They key to halting progression of DN is likely
to rest on the 3 key factors of managing ABC – strict glycemic control (HbA1C), stringent
Blood Pressure (BP) targets and achieving adequate Cholesterol levels.
Specialist clinics and regular monitoring is warranted in managing these patients with
DN. There is some good trial evidence with a number of different reno-protective agents for
various situations and for specific population groups that may help in DN. However, we still
lack specific markers that will detect DN earlier and in a more consistent basis. Also, we still
don’t have agents to treat DN that will make a significant impact on the long term consequences and improve prognosis for patients with DN.
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