
Introduction
Type 2 diabetes mellitus (T2DM) and its complications ac-
count for a considerable and growing disease burden in the
United States. The overall prevalence of diabetes mellitus
(DM), types 1 and 2, is ~8%, but this increases with age
so that its prevalence is nearly 11% in persons aged 40 to
59 years and almost 24% in persons aged �60 years.1 This
equates to ~24 million Americans, 17.9 million of whom
have been diagnosed with DM and 5.7 million of whom
have not. Among Americans with diagnosed DM, 90% to
95% have T2DM.1

Complications of DM in-
clude cardiovascular (CV) dis-
ease and microvascular disease
(eg, retinopathy, nephropathy,
neuropathy). CV disease is the
leading cause of mortality in
patients with DM, with heart
disease noted on 68% of DM-
related death certificates among
people aged �65 years.2 Adults
with DM have death rates from
heart disease that are 2 to 4
times greater than those in peo-
ple without DM.2 Diabetic kid-
ney disease (DKD) is also
emerging as a major cause of
morbidity and mortality. The
incidence of DKD is increasing
in the United States, with the
growth in DM prevalence and the aging of the population.
In 2005, DM was reported to account for 44% of new cas-
es of renal failure, and DKD is now the leading cause of
kidney failure in the United States.2 Over the past 2
decades the incidence of end-stage renal disease (ESRD) due
to DM has doubled in the United States while the preva-
lence of chronic kidney disease (CKD) among the general
Medicare population with DM and hypertension increased
4-fold.3 DKD has traditionally been defined in terms of
elevated urinary albumin excretion, either as microalbu-
minuria or macroalbuminuria. In a large, global, cross-sec-
tional study of 32,000 patients with T2DM in 33 coun-
tries, the prevalence of microalbuminuria and
macroalbuminuria was ~39% and 10%, respectively.4 The
development of albuminuria is associated with a decline
in kidney function. Over a median of 15 years, 38% of the
4031 patients with T2DM in the UK Prospective Diabetes
Study (UKPDS) developed albuminuria and 29% of 5032
subjects developed renal impairment, defined as creatinine
clearance <60 mL/min or a doubling of their plasma cre-
atinine concentration.5

A CKD staging classification has been developed by the
National Kidney Foundation (NKF) and is based on esti-

mated glomerular filtration rate (eGFR) using serum cre-
atinine measurement and the Modification of Diet in Re-
nal Disease (MDRD) equation (Table 1).3,6 A study of
1197 patients with T2DM from the Third National
Health and Nutrition Examination Survey (NHANES III)
found that 13% had an eGFR<60 mL/min/1.73 m2 or
stage 3 CKD. Approximately 40% of these individuals did
not have increased urinary albumin excretion (defined as
a spot urine albumin/creatinine ratio [ACR] �17 mg/g in
men and �25 mg/g in women).3 In the more recent
NHANES 1999–2006 survey of 1125 participants with

diagnosed and undiagnosed
DM, the prevalence of CKD
stages 1 through 4, defined as
eGFR 15 to 59 mL/min or
ACR�30 mg/g, was 39.6%
in individuals with self-report-
ed, provider-diagnosed DM
and 41.7% in individuals with
previously undiagnosed DM.7

Among patients with CKD,
the prevalence of stage 3 and 4
disease was 39.0% and 40.6%
for diagnosed and undiagnosed
DM, respectively.7 Albumin-
uria was not present in 81%
and 79% of these individuals,
respectively.7 These data em-
phasize the importance of
serum creatinine measurement

and eGFR during screening, in addition to urine tests for
albumin to identify DKD.

Early Identification and Screening
The American Diabetes Association (ADA) Standards of
Medical Care recommend annual testing to assess urine al-
bumin excretion in all patients with T2DM starting at di-
agnosis.8 Screening for microalbuminuria is most conve-
niently done by measuring the ACR in a random spot urine
sample. Twenty-four–hour or timed collections are more
burdensome and add little to prediction or accuracy, and
the measurement of urinary albumin by dipstick or other
methods without simultaneous urine creatinine measure-
ment is less accurate.8 Microalbuminuria is diagnosed
when the spot collection shows 30 to 299 �g albumin/mg
creatinine, and macroalbuminuria is diagnosed when the spot
collection shows �300 �g albumin/mg creatinine; these re-
sults should be documented in 2 to 3 specimens collected
within a 3- to 6-month period.8 Persistent microalbumin-
uria (30 to 299 mg/24 hr) is an early clinical marker for the
development of nephropathy in patients with DM.8

In addition to the identification of abnormal urinary al-
bumin excretion, the ADA recommends at least annual

measurement of serum creatinine and
eGFR by laboratories using the MDRD
equation and staging of CKD according
to the NKF classification.8 Serum crea-
tinine levels by themselves are not an
adequate measure of kidney function.6

The MDRD method of estimating GFR
is recommended because it has been
suggested to be more accurate than the
Cockcroft-Gault formula.8 GFR calcu-
lators are available at  http://www.
nkdep.nih.gov/professionals/gfr_
calculators/8

DKD Increases the Risk of Renal
Failure and CV Disease
The consequences of kidney disease in
people with T2DM include progres-
sion to renal failure requiring dialysis or

transplantation, and an increased risk of death. In the
UKPDS, the rate of progression from normoalbuminuria
through microalbuminuria, macroalbuminuria, and ele-
vated plasma creatinine concentrations or the need for re-
nal replacement therapy was 2% to 3% per year.9 Annu-
al death rates increased with worsening nephropathy, and
patients with elevated plasma creatinine concentrations or
renal replacement therapy had an annual death rate of
19.2%, including 4.0% who died of uremia.9 In the Re-
duction of Endpoints in NIDDM with the Angiotensin II
Antagonist Losartan (RENAAL) study evaluating various
risk factors for the development of renal disease in patients
with T2DM (age, gender, cholesterol, serum creatinine, al-
buminuria, hemoglobin, and glycated hemoglobin
[HbA1c]), albuminuria was the strongest predictor for the
development of kidney disease. Patients with high base-
line albuminuria (�3.0 g/g creatinine) showed a 5.2-fold
increase in renal end point (doubling of serum creatinine,
ESRD, or death) and an 8.1-fold increase in risk for pro-
gressing to ESRD compared with the low-albuminuria
group (�1.5 g/g creatinine).10

In addition to accelerated renal failure and death, dia-
betic nephropathy and CKD have been established as in-
dependent risk factors for the development of CV disease.
Microalbuminuria was shown to be an independent risk fac-
tor (relative risk [RR], 1.83; 95% confidence interval [CI],
1.64 to 2.05) for major CV events in 9043 high-risk pa-
tients with CV disease or DM followed for 5 years. CV
events were increased by 6% for every 0.4–mg/mmol in-
crease in ACR.11 In a T2DM cohort of 840 patients, mi-
croalbuminuria and gross proteinuria increased the risk for
CV mortality over 12 years, independent of other factors,
including age, gender, glycemic control, insulin use, CV
disease history, retinopathy severity, and antihypertensive
therapy use (adjusted RR, 1.84; 95% CI, 1.42 to 2.40 and
RR, 2.61; 95% CI, 1.99 to 3.43, respectively).12 CKD,
identified by reduced eGFR (<60 mL/min/1.73 m2) by the
MDRD equation, had an independent graded association
with the risk of CV events and all-cause mortality in a study
of 1.1 million adults with and without DM in the Kaiser
Permanente healthcare system.13 In 10,640 patients with
DM from the Action in Diabetes and Vascular disease:
preterAx and diamicroN-modified release Controlled Eval-
uation (ADVANCE) trial, a halving of baseline eGFR was
associated with a 2.2-fold increase in the multivariable ad-
justed risk of CV events and a 3.6-fold increase in the risk
of CV death. A10-fold increase in urinary ACR was asso-
ciated with 2.5- and 3.9-fold increases in the risks of CV
events and CV death, respectively.14 Patients with urinary
ACR>300 mg/g and eGFR<60 mL/min/1.73 m2 had a
3.2-fold higher risk for CV events and a 5.9-fold higher
risk for CV death (Figure 1).14

The combination of DM and kidney disease thus am-
plifies the risk for CV disease associated with each disease
separately, in addition to hastening the onset of renal fail-
ure. In the UKPDS, CV disease was the most common
cause of death at all stages of CKD, with an increasing risk
for CV death with increasing nephropathy (P<0.0001).9

Interestingly, the impact of renal disease on mortality
in patients with type 1 DM (T1DM) was recently stud-
ied. Over a median follow-up of 20 years, individuals with
childhood-onset T1DM with no evidence of microalbu-
minuria (albumin excretion of 20 to 200 µg/min), overt
nephropathy (albumin excretion of >200 µg/min), or
ESRD (the need for dialysis or renal transplantation) had
survival rates similar to those of the general population.
Individuals with renal disease had mortality that was
6.2-fold higher than expected, with standardized mor-
tality ratios of 2.0 for patients with normoalbuminuria,
6.4 for patients with microalbuminuria, 12.5 for pa-
tients with overt nephropathy, and 29.8 for patients with
ESRD.15
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Table 1. Stages of CKD 
Stage Description GFR, mL/min/1.73 m2

1 Kidney damage with �90
normal or increased GFR

2 Kidney damage with 60–89
mildly decreased GFR

3 Moderately decreased GFR 30–59

4 Severely decreased GFR 15–29

5 Kidney failure <15 (or undergoing dialysis)

Abbreviations: CKD, chronic kidney disease; GFR, glomerular filtration rate.
Source: Levey et al6
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Preventing Nephropathy
Evidence-based strategies can prevent the progression of
nephropathy in patients with T2DM. The use of an-
giotensin-converting enzyme inhibitors (ACEIs) or an-
giotensin receptor blockers (ARBs) has been shown to pre-
vent nephropathy progression and is recommended in the
ADA Standards of Medical Care for nonpregnant patients
with DM and microalbuminuria or macroalbuminuria.8

Large prospective trials have demonstrated that ACEIs and
ARBs can reduce the development of nephropathy and the
incidence of major CV disease outcomes in people with
T2DM.16-18 Some ACEIs and ARBs are approved for
slowing the development or prevention of proteinuria and
renal deterioration while others are not. Optimizing glu-
cose control is recommended by the ADA Standards of
Medical Care to reduce the risk or slow the progression of
nephropathy.8 Based on the results of recent large, prospec-
tive trials of intensive glycemic control in people with
T2DM, the ADA guidelines recommend lowering HbA1c
to <7% to reduce microvascular complications.8 In the 10-
year follow-up of intensive glucose control in the UKPDS
study, microvascular disease was reduced significantly, by
24% (P=0.001).19 In the ADVANCE study, patients in the
intensive glycemic control group, with a mean HbA1c of
6.5%, experienced a significant reduction in major mi-
crovascular disease, with a significant 21% reduction in
new or worsening nephropathy (P = 0.006).20 In a follow-
up to the Steno-2 study, 160 patients with T2DM and per-
sistent microalbuminuria who had been randomized to re-
ceive intensive or conventional therapy for a mean of 7.8
years were followed observationally for an additional 5.5
years.21 Intensive therapy (consisting of lower thresholds
for blood pressure [BP], HbA1c, cholesterol, and the use
of ACEIs and aspirin therapy) was shown to slow the pro-
gression of, and reduce the risk for, the development of
nephropathy compared with conventional therapy at 4 and
8 years, and was maintained during an additional 5.5 years
of post-trial observation.21 During the observation period,
20 patients in the intensive-therapy group (compared with
37 patients in the conventional-therapy group) developed
diabetic nephropathy (RR, 0.44; P=0.004).21 Finally, in
the Veterans Affairs Diabetes Trial (VADT), intensive
glycemic control significantly reduced any increase in al-
buminuria by nearly 34% (P=0.01).22 Therefore, for se-
lected individuals, such as those with recent-onset DM and
no significant CV disease, providers might suggest HbA1c
goals lower than <7% if they can be achieved without sig-
nificant hypoglycemia or other adverse effects.8

The ADA guidelines recommend optimizing BP con-
trol to reduce the risk or slow the progression of nephropa-
thy.8 The current ADA BP target is <130/80 mmHg;

based on patient characteristics and response to therapy,
higher or lower BP targets may be appropriate. 8

In view of the increased CV risk and prevalence of dys-
lipidemia associated with DM and CKD, statin treatment
is recommended for people with these disorders.23 The
current ADA low-density lipoprotein (LDL) cholesterol
target is <100 mg/dL; in individuals with overt CVD, a
lower LDL cholesterol goal of <70 mg/dL, using a high
dose of a statin, is an option.8 The effects of cholesterol
lowering with statins for reducing major CV events in
people with DM are well established and extend to peo-
ple with CKD who are not yet undergoing dialysis. Tri-
als of people undergoing dialysis have not shown signif-
icant benefits.23,24 Statins may also slow the progression
of nephropathy and decline in GFR, although data are
limited.24

Pharmacologic Considerations for Patients
With DKD
The treatment of patients with T2DM should be directed
at lowering HbA1c to below or around 7% to reduce mi-
crovascular and neuropathic complications.8 With regard
to macrovascular risk reduction, a general HbA1c goal of
<7% seems reasonable for many adults. A less-stringent
HbA1c goal may be appropriate for some patients (eg, those
with a history of severe hypoglycemia, those with advanced
macrovascular complications).8 In patients with CKD
starting at stage 3 (GFR <60 mL/min/1.73 m2), the risk
of hypoglycemia is increased because reduced kidney func-
tion affects the clearance of endogenous insulin; decreases
renal gluconeogenesis, thus reducing its contribution to
blood glucose; and slows the renal excretion of  some glu-
cose-lowering drugs.23 The kidney is responsible for me-
tabolizing one third of circulating insulin so patients with
T2DM must pay extra attention to their blood glucose lev-
els and, in conjunction with their healthcare provider, re-
duce their doses of hypoglycemic medications, as indicat-
ed, to avoid hypoglycemia. 

Awareness of CKD in Patients With DM
Although the importance of identifying nephropathy and
staging CKD to prevent renal progression and manage el-
evated CV risk is established and advocated by the ADA
and other professional organizations, there is a gap between
evidence and practice. Clinical laboratories do not routinely
report eGFR, and the level of awareness of CKD is low
among providers and patients. In a random sample of
>6000 clinical laboratories conducted between 2006 and
2007, only 38.4% of laboratories reporting serum creati-
nine concentrations also reported eGFR, and, among
those, only two thirds reported it routinely.25 When eGFR
is reported, physicians do not routinely diagnose CKD. In
a review of patients in the Kaiser Permanente healthcare
system with reduced eGFR (>10 to <60 mL/min/1.73 m2),
only 14% of subjects had CKD documented in the elec-
tronic medical record and only 22% had it documented for
patients with DM.26 Low patient awareness was also found
in an analysis of NHANES 2003–2004 survey participants
who had serum creatinine measured; <10% of those with

CKD stage 3 and <50% of those with CKD stage 4 said
that they had been told by a physician that they had weak
or failing kidneys.27

Conclusion
Nephropathy and renal insufficiency are common compli-
cations of T2DM that may progress to renal failure and are
associated with increased CV risk. Physicians should screen
their patients with T2DM by determining their ACR an-
nually in a spot urine sample, and serum creatinine test-
ing with eGFR by the MDRD equation and CKD stag-
ing according to the NKF classification. Early
intervention with evidence-based treatments can prevent
or delay the progression to renal failure and can reduce
the elevated CV risk in individuals with DKD. The pres-
ence of comorbidities and complications can complicate
therapeutic decision-making in patients with T2DM.
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Figure 1. Combined Effects of 
Albuminuria and eGFR Levels
for Risk of CV Events

Abbreviations: CV, cardiovascular; eGFR, estimated glomerular
filtration rate; UACR, urinary albumin-to-creatinine ratio.
Source: Reproduced with permission from Ninomiya et al.14
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