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INTRODUCTION

Chronic kidney disease (CKD) is a worldwide
blic health problem affecting more than 50
llion people, and more than 1 million of them
receiving kidney replacement therapy.1,2 The

tional Kidney Foundation-Kidney Disease
tcomes Quality Initiative™ (NKF-KDOQI™)

inical Practice Guidelines (CPGs) and Clinical
actice Recommendations (CPRs) on CKD esti-
tes that CKD affects 11% of the US popula-
n,3 and those affected are at increased risk of
rdiovascular disease (CVD) and kidney fail-
. Kidney failure represents about 1% of the
valent cases of CKD in the United States,3

d the prevalence of kidney failure treated by
lysis or transplantation is projected to in-
ase from 453,000 in 2003 to 651,000 in
10.3,4

Management of CKD is costly. The Medicare
D stage 5 population nearly doubled in the

t 10 years, and the CKD population expanded,
well. Together, they account for 16.5% of

edicare expenditures, nearly double that of 10
ars ago, and the total costs for kidney disease
w approach 24% of Medicare expenditures.4

growing body of evidence suggests that some
the adverse outcomes of CKD can be pre-

nted or delayed by preventive measures, early
tection, and treatment.
NKF-KDOQI™ CPGs presently offer strate-
s to manage hypertension,5 dyslipidemia,6

ne disease,7 anemia,8 nutrition,9 and CVD10 in
tients with CKD. The present Guidelines ex-
d the scope of the NKF-KDOQI™ CPGs and
Rs by offering strategies to diagnose and
nage patients with diabetes and CKD.

BACKGROUND

idemic of Diabetes

Nearly 21 million people in the United States,
7% of the population, have diabetes, and about
hird of those with diabetes are unaware they
ve the disease. About 5% to 10% of diabetes in

United States is type 1, which develops as a
nsequence of the body’s failure to produce
ulin. In some racial and ethnic groups, the
portion of cases attributable to type 1 diabetes
even less.11 Most cases of diabetes in the

ited States and elsewhere are type 2, which d

erican Journal of Kidney Diseases, Vol 49, No 2, Suppl 2 (Februa

f 
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velops because of the body’s failure to pro-
ce sufficient insulin and properly use the insu-
it produces. Worldwide, 171 million people

ve diabetes.
Diabetes prevalence is increasing most rapidly
the developed countries and in developing

untries undergoing transition from traditional
modern lifestyles.12,13 In the general US popu-
ion, estimates from national surveys14 show
8-fold increase in the prevalence of diagnosed
betes between 1958 and 2000. The San Anto-
Heart Study15 suggests an increasing inci-

nce rate of type 2 diabetes is responsible, in
rt, for the increasing prevalence among Mexi-
n Americans and for a borderline significant
nd in non-Hispanic whites. The investigators
ribute the greater prevalence of diabetes in this
pulation more to the increasing incidence than
the decrease in cardiovascular mortality re-
rted among people with diabetes nationally.16

her factors responsible for the increasing preva-
ce of diabetes include changes in diagnostic
teria, increased public awareness, decreasing
erall mortality, growth in minority popula-
ns, a dramatic increase in the magnitude and
quency of obesity, and the widespread adop-
n of a sedentary lifestyle.14 Most of the in-
ase in diabetes prevalence is attributable to
e 2 diabetes, and although much of this in-
ase is occurring in adults, children and adoles-
ts increasingly are affected. However, a world-

de increase in the incidence of type 1 diabetes
o has been noted, particularly among children
unger than 5 years.17

Projections of the future burden of diabetes in
US population suggest that the prevalence of

betes will increase 165% between 2000 and
50, with the greatest increases in the popula-
n older than 75 years and among African
ericans.18 The global burden of diabetes is

pected to double between 2000 and 2030, with
greatest increases in prevalence occurring in
Middle East, sub-Saharan Africa, and In-

.19 Moreover, the development of type 2 dia-
tes during the childbearing years also will

2007 by the National Kidney Foundation, Inc.
272-6386/07/4902-0102$32.00/0

oi:10.1053/j.ajkd.2006.12.005

ry), 2007: pp S13-S19 S13
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rease, primarily in the developing countries
PR 3, Fig 27).19 Projections regarding the
ure burden of diabetes are based on increasing
e expectancy, population growth, and progres-
e urbanization.20 Of growing concern is the
lief that these estimates may be too low be-
se they do not account for the increasing

quency and magnitude of obesity and other
jor risk factors for diabetes.
As the population of patients with diabetes of
g duration grows, reports of a dramatically
reasing burden of diabetic kidney disease
KD) are appearing from developed coun-
es,21 as well as from Africa,22,23 India,24 the
cific Islands,25 and Asia,26,27 where infectious
ease previously posed the greatest threat28

e CPR 3). Increased risk and more rapid
gression of DKD29,30 also have been reported
immigrants from developing to developed

untries.31,32

PROBLEM OF DIABETES AND CKD

Diabetes is the leading cause of CKD in devel-
ed countries and rapidly is becoming the lead-

cause in developing countries as a conse-
ence of the global increase in type 2 diabetes
d obesity.33 In the United States, microalbumin-
a is found in 43%, and macroalbuminuria, in

of those with a history of diabetes.3 More-
er, diabetes accounts for 45% of prevalent
ney failure, up from 18% in 1980.4

Substantial underdiagnosis of both diabetes
d CKD leads to lost opportunities for preven-
n, and inadequate or inappropriate care of
tients with diabetes and CKD may contribute
disease progression. Nevertheless, diabetes

re has improved as the benefits of meticulous
nagement have become widely accepted and
use of angiotensin-converting enzyme (ACE)
ibitors, angiotensin receptor blockers (ARBs),

d statins has increased in patients with diabe-
.4 Even so, fewer than 1 in 4 patients with
betes receives at least 1 hemoglobin A1c

bA1c) test, at least 1 lipid test, and at least 1
cose testing strip each year, reflecting the

ed for better assessment of these high-risk
tients.4

DKD refers to kidney disease that is specific to
betes. Although kidney biopsy is required to
gnose diabetic glomerulopathy definitively, in

st cases, careful screening of diabetic patients fac

f 
Find authenticated court documents 
identify people with DKD without the need
kidney biopsy. DKD is based in part on the

ding of elevated urinary albumin excretion,
ich is divided arbitrarily into: (1) microalbu-
nuria, a modest elevation of albumin thought
be associated with stable kidney function, but
reater risk of macroalbuminuria and kidney

lure; and (2) macroalbuminuria, a higher eleva-
n of albumin associated with progressive de-
ne in glomerular filtration rate (GFR), an in-
ase in systemic blood pressure, and a high risk
kidney failure.
Most professional societies concerned with
betes and kidney disease now advocate screen-
for microalbuminuria in patients with diabe-

, and the suggested screening plan, adapted
m the American Diabetes Association (ADA)
ideline, is shown in Guideline 1, Fig 6.34,35

reening should begin 5 years after diagnosis of
e 1 diabetes and at the time of diagnosis of
e 2 diabetes because of the inability to estab-

h the onset of type 2 diabetes with certainty.
cause urinary albumin excretion has an intra-
ividual coefficient of variation (CV) of ap-
ximately 40%,36 multiple positive test results
required for classification. Definitions of DKD
albuminuria and stage are shown in Guideline

Table 6.
Evidence for the usefulness of estimated GFR
FR) alone as a screening test for CKD in

betes is less secure. Many patients with diabe-
and CKD may have elevated or high-normal
Rs, particularly in the early years after diagno-
. Therefore, markers of kidney damage are
uired to detect early stages of CKD; eGFR
ne can only detect CKD stage 3 or worse
uideline 1, Table 6).
Because diabetes is a common condition, coinci-
nce with other nondiabetic CKD is relatively
quent. Accordingly, evaluation of a person with
pical features should, in selected cases, include

ditional diagnostic testing, depending on the clini-
presentation. Care should be used in determin-
the appropriate diagnostic tests because admin-
ation of radiographic contrast, with or without

giography, may pose greater risks in people with
betes and CKD than in others.

abetes, CKD, and CVD

Diabetes is one of the most important risk

tors for CVD. The risk imparted by diabetes
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s been described as a CVD risk equivalent
cause the likelihood of future events may
proach that of people without diabetes who
ve already had a myocardial infarction.37 Such
servations have led to recommendations from
th the ADA and the American Heart Associa-
n (AHA) for intensive cardiovascular risk fac-
management in people with diabetes (Table

34,38 CKD also imparts an extremely high risk
CVD. The NKF and the AHA recently issued
idelines and scientific statements recommend-

that people with CKD be considered in the
hest risk category for CVD.3,39 For those with

th diabetes and CKD, the outlook is far worse
n for either condition alone because this com-
ation is a powerful predictor of major adverse
diovascular events and death. The relation-

ip between CKD severity and risk is continu-
s. People with diabetes and microalbuminuria
ve twice the CVD risk of those with normoalbu-
nuria,40 and as albuminuria increases and GFR
creases, CVD risk increases progressively.41-43

an analysis of patients with type 2 diabetes
m the UK Prospective Diabetes Study
KPDS), rates of death and progression to
croalbuminuria were equal at the microalbu-
nuric stage.41 However, at the macroalbumin-
c stage, the death rate outpaced the rate of
ney disease progression (Fig 2). More people
o reach CKD stage 3 will die, primarily of
D, than progress to kidney failure, especially

hey also have diabetes.3,44

In the Background, a focused review of rela-
nships among diabetes, CKD, and CVD rel-
ant to people with CKD stages 1 to 4 is
sented. The review includes a discussion of
ensive risk factor management for the preven-
n of CVD, the evaluation of coronary heart
ease in patients with diabetes, and medical
nagement and coronary revascularization in
se patients. Specific recommendations for
D stage 5 are provided in the NKF-KDOQI™
idelines for CVD in Dialysis Patients.10

People with diabetes and CKD are at high risk
both lose kidney function and experience
jor adverse cardiovascular events (Back-
und, Fig 4). Treatment of risk factors reduces
likelihood of these outcomes. Fortunately,

atment strategies are largely shared for reduc-
kidney and cardiovascular risks. The present
Gs and CPRs for diabetes and CKD are con- ab

f 
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tent with those already established for the
atment of diabetes and CVD by the ADA and
A.34,38 Goals of the management approaches
ommended here are intended to mitigate the

vastating consequences of the spectrum of
scular complications, including kidney, heart,
d others.

GOALS OF CPG AND CPR PROCESS

These CPGs seek to improve outcomes in
tients with diabetes and CKD by providing
ategies for the diagnosis (Guideline 1) and
nagement (Guidelines 3 to 5 and CPRs 1 to 4)
CKD in the setting of diabetes and for the
nagement of diabetes in the setting of CKD
uideline 2). The general treatment of diabetes
beyond the scope of this guideline and is
dressed comprehensively in the ADA guide-
es.34

As part of an evolution in the development of
Gs, the Work Group divided its recommenda-
ns, which are based on a systematic review of

literature, into a series of Guidelines and
Rs. The Guidelines were based on a consen-

s within the Work Group that the strength of
evidence was sufficient to make definitive

tements about appropriate clinical practice.
hen the strength of the evidence was not suffi-
nt to make such statements, the Work Group
ered CPRs based on the best available evi-
nce and expert opinion. As new data become
ailable, the strength of the evidence for many
the CPRs may become sufficient for the CPRs
become CPGs, illustrating the need for recur-
g reviews and updates of this document. Many
the research recommendations proposed by
Work Group were developed with the goal of

engthening the evidence for the CPRs to deter-
ne whether they should become Guidelines in
future.

The term “definitive” must be used with cau-
n, particularly in the context of CPGs. Uncer-
nty is an immutable element of all scientific
earch, and the establishment of a Guideline

ould neither preclude nor render unethical fur-
r inquiry. Rather, the establishment of guide-
es represents an evolving process that seeks to
sure that each patient receives the best pos-
le care within the context of presently avail-

le medical knowledge.
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ope

The target population of these CPGs is pa-
nts with CKD stages 1 to 5, including dialysis
d transplant patients. However, the emphasis
n stages 1 to 4 because the evidence in stage 5
either lacking or addressed in other NKF-
OQI™ Guidelines. Consideration is given to
diagnosis, impact, and management of diabe-
and CKD in children, adults, the elderly,

gnant women, and different racial and ethnic
ups.

The intended readers are practitioners who
nage patients with diabetes and CKD, includ-
, but not limited to, primary care providers,

phrologists, cardiologists, endocrinologists/
betologists, physician’s assistants, nurse prac-
oners, nurses, dietitians, pharmacists, social
rkers, and diabetes educators. By reviewing
entific evidence from throughout the world,
ordinating our efforts with guideline develop-
nt processes elsewhere, and including in the
rk Group experts from Latin America and

rope, as well as from North America, we
lieve this document has relevance beyond prac-
oners in North America.

e Value of Multifaceted Intervention

Although these and other guidelines present
ommendations for the management of risk
tors separately, in reality, multiple risk factors
managed concurrently in patients with diabe-

igure 1. Percentage of patients in each group of the Sten
.8 years.

breviation: BP, blood pressure. Reprinted with permission.
and CKD. In the Steno Study, a multifaceted the

f 
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proach aimed at optimal management for a
up of risk factors was evaluated in patients

th type 2 diabetes and microalbuminuria.45,46

e intervention had multiple targets, including
havioral modification and pharmacological
rapies for hyperglycemia, hypertension (em-
asizing renin-angiotensin system [RAS] inhibi-
s), dyslipidemia, CVD prevention with aspi-
, and a vitamin/mineral supplement (CPR 2,
ble 48). This intensive intervention was com-
red with usual care. A mean decrease in albu-
nuria (albumin decreased 20 mg/24 h) was
served in the intensive-intervention group,
ereas a mean increase occurred in patients in
usual-care group (albumin increased 30 mg/24
Albuminuria progression and the composite

tcome of CVD events or death were decreased
the group treated intensively (CPR 2, Fig 26).
wever, which facets of the intervention are
ociated with reduced risk is uncertain. Further-
re, because the intensive intervention in-
ased the use of RAS inhibitors, the contribu-
n of other treatments is unclear. Despite these
itations, the Work Group recognizes the impor-
ce of addressing multiple risk factors in an
egrated fashion. The incremental effects of a
ltifaceted approach appear to add up to sub-
ntial clinical benefits, even when each of the
rapeutic goals is not met (Fig 1). A long-term,
geted, intensive intervention involving mul-
le risk factors and using currently available

y who reached the intensive-treatment goals at a mean
o Stud
rapeutic agents reduces the risk of cardiovas-
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