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Approximately 20% to 40% of patients with type 1 or type
2 diabetes mellitus develop diabetic kidney disease. This is
a clinical syndrome characterized by persistent albuminuria
(> 300 mg/24 h, or > 300 mg/g creatinine), a relentless
decline in glomerular filtration rate (GFR), raised arterial
blood pressure, and enhanced cardiovascular morbidity
and mortality. There is a characteristic histopathology. In
classical diabetic nephropathy, the first clinical sign is
moderately increased urine albumin excretion
(microalbuminuria: 30–300 mg/24 h, or 30–300 mg/g
creatinine; albuminuria grade A2). Untreated
microalbuminuria will gradually worsen, reaching clinical
proteinuria or severely increased albuminuria (albuminuria
grade A3) over 5 to 15 years. The GFR then begins to
decline, and without treatment, end-stage renal failure is
likely to result in 5 to 7 years. Although albuminuria is the
first sign of diabetic nephropathy, the first symptom is
usually peripheral edema, which occurs at a very late stage.
Regular, systematic screening for diabetic kidney disease is
needed in order to identify patients at risk of or with
presymptomatic diabetic kidney disease. Annual
monitoring of urinary albumin-to-creatinine ratio,
estimated GFR, and blood pressure is recommended.
Several new biomarkers or profiles of biomarkers have
been investigated to improve prognostic and diagnostic
precision, but none have yet been implemented in routine
clinical care. In the future such techniques may pave the
way for personalized treatment.
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D iabetic kidney disease is a major cause of morbidity
and mortality in diabetes. Indeed, the excess mortality
of diabetes occurs mainly in individuals with diabetes

and proteinuria, and results not only from end-stage renal
disease (ESRD) but also from cardiovascular disease, with
the latter being particularly common in patients with type 2
diabetes.1–3 Clinically, diabetic kidney disease is characterized
by progressive kidney damage reflected by increasing albu-
minuria, impairment in renal function (decline in glomerular
filtration rate [GFR]), elevated blood pressure, and excess
morbidity and mortality due to cardiovascular complications.
Diabetic kidney disease rarely develops in patients with type 1
diabetes before 10 years following diagnosis, whereas approx-
imately 3% of patients with newly diagnosed type 2 diabetes
already have overt nephropathy.4 Diabetic kidney disease is
the single most common cause of ESRD in many parts of
the world including Europe, Japan, and the USA, and patients
with diabetes account for 25% to 45% of all patients enrolled
in ESRD programs.5

Because not all individuals with diabetes develop all the
possible complications of the condition, systematic screening
for relevant complications has become a major part of
diabetes care today. The early detection of complications
allows for more focused preventive treatment, or specific
treatment to delay progression of a complication in its early
stages. The main focus of treatment for diabetes is preventive:
in essence, the aim of reducing blood glucose levels and
maintaining glucose control is to prevent classical micro- and
macrovascular complications.

Screening, diagnosis, and treatment for diabetic kidney
disease have advanced substantially over the last 3 decades,
improving both time to diagnosis and life-years gained after
diagnosis.6,7 To further this progress, current research seeks to
develop new methods for the early detection of diabetic
kidney disease, as well as improved treatment.

Definition of diabetic kidney disease
Diabetic kidney disease (also termed “chronic kidney disease”
[CKD] due to diabetes or diabetic nephropathy) is defined in
both type 1 and type 2 diabetes as the presence of persisting
severely elevated albuminuria of >300 mg/24 h (or >200 mg/
min), or an albumin-to-creatinine ratio (ACR) of >300 mg/g,
confirmed in at least 2 of 3 samples, with concurrent
presence of diabetic retinopathy and absence of signs of other
forms of renal disease.8 As such, this clinical diagnosis
requires only basic clinical and laboratory evaluations. The
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normal range for albuminuria is <30 mg/g, and the
abnormal range is >30 mg/g, but values within both these
ranges may be associated with an elevated risk of renal and
cardiovascular disease.9 The presence of moderately elevated
urine albumin excretion (microalbuminuria) (30–300 mg/g)
is widely regarded as a precursor of diabetic nephropathy,
both indicating early risk and providing a target for interven-
tion. However, in some cases microalbuminuria can display
remission, either spontaneously or owing to treatment,10–12

resulting in a lower renal risk compared with progression of
albuminuria.

The broader term “kidney disease in diabetes” is used for
patients with CKD (impaired renal function: estimated GFR
[eGFR] < 60 ml/min per 1.73 m2 or proteinuria) regardless
of the background. Although impaired renal function with
normal albuminuria (ACR < 30 mg/g) is prevalent, particu-
larly in elderly individuals, it is much less likely to progress if
albuminuria is not present.13,14

The Italian Renal Insufficiency and Cardiovascular Events
(RIACE) study of more than 15,000 participants with type 2
diabetes suggested that those with elevated albuminuria
displayed the typical microvascular complications, whereas
nonalbuminuric individuals with impaired renal function had
a more cardiovascular or macrovascular phenotype.13

For CKD in general, including in patients with diabetes, it
has been recommended to stage the severity of the condition
using a combination of etiology (if known), level of urinary
albumin excretion, and eGFR category (Figure 1).15 The

National Kidney Foundation Kidney Disease: Outcomes
Quality Initiative (KDOQI) working group for diabetes and
CKD suggested that absence of retinopathy, fast deterioration
of GFR, rapidly increasing or nephrotic-range albuminuria
(>2500 mg/g), active urinary sediments, refractory
hypertension, or signs or symptoms of other systemic diseases
should raise suspicion of nondiabetic causes of CKD.16

Pathology
If renal biopsies were feasible in all patients without safety
considerations, many patients would probably be diagnosed
with early stages of diabetic nephropathy. Morphological
changes such as mesangial expansion and thickening of the
glomerular and tubular basement membranes, as well as
typical glomerulosclerosis with nodular mesangial lesions
(Kimmelstiel-Wilson lesions), can be attributed to the impact
of hyperglycemia and hyperfiltration. These changes may be
observed after only a few years of disease, but their presence is
variable, and patients with long-standing diabetes may display
only minor changes. Because renal biopsy is not without risk
of complications, the procedure is rarely used in routine
clinical practice in uncomplicated cases, and is often reserved
for cases with severe albuminuria, a fast decline in GFR, or
where differential diagnoses are required.

Prevalence
The global Developing Education on Microalbuminuria for
Awareness of Renal and Cardiovascular Risk in Diabetes

Figure 1 | Staging of CKD.15 Green: low risk (if no other markers of kidney disease, no CKD); yellow: moderately increased risk; orange: high
risk; red: very high risk. Reprinted with permission from Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012
clinical practice guideline for the evaluation and management of chronic kidney disease. Kidney Int Suppl. 2013;3:1–150. Copyright ª 2013
KDIGO. CKD, chronic kidney disease; GFR, glomerular filtration rate; KDIGO, Kidney Disease: Improving Global Outcomes.
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